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Introduction

1. Introduction
The

combination

of

the

cardiovascular

risk

factors

hypertension,

hypertriglyceridemia, a decreased level of high-density lipoprotein cholesterol
(HDL-c) and glucose intolerance which is associated with insulin resistance, is
known as metabolic syndrome. The concept of the metabolic syndrome is based
on the assumption that a clustering of selected cardiovascular risk factors more
strongly increases the risk for cardiovascular diseases than the summation of the
selected cardiovascular risk factors [37]. There are three definitions in common
use to define metabolic syndrome in adults (Definition of International Diabetes
Federation; of National Cholesterol Education Program’s Adult Treatment Panel III
Report, of National Heart, Lung and Blood Institute) [1, 30, 87]. These definitions
include the following criteria: glucose intolerance, central obesity, hypertension
and dyslipidaemia. There is no consistent definition for the metabolic syndrome for
children and adolescents in specialist literature. One problem is that children are in
a growth phase. Growth is physiologically associated with metabolic changes. For
example, the initiation of puberty is related to physiologically reduced insulin
sensitivity [95].
In the past, risk factors for being overweight and being obese were identified.
Socioeconomic status, migration background [60, 73], parents being overweight
[26] and lifestyle factors such as the consumption of food with a high-energy
density and a sedentary lifestyle [88, 125] were identified as determinants of
obesity. In twin, adoption and family studies, there was also evidence for a strong
genetic determinant of obesity [137]. For adults, the incidence of metabolic
syndrome is associated with being overweight [80]. In 2009, 51% of German
adults were judged to be overweight (BMI >25kg/m2) (Statistisches Bundesamt
2009). Data on children's health taken from a nationwide health survey (KiGGS,
2003-2006) showed that 15% of German children and adolescents (3-15 years)
were overweight [74]. It is suggested that cardiovascular risk factors such as those
observed for overweight and obese adults are also present in overweight children
and adolescents.
One of the most important factors affecting metabolic risk factors in children is the
family [107]. Parents provide a pool of genes and environment for their children
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[3]. A familial aggregation of the metabolic syndrome and the cardiovascular risk
profile is known [3, 107]. However, about parent dependent intrafamiliar
associations for cardiovascular and metabolic risk factors there is less knowledge.
There are critical time frames in the development of a child for maternal and
paternal factors to affect child's development and health. The ontogenetic
development of a child is affected by pre- and postnatal factors [68]. It is believed
that the fetal and early postnatal environment have a significant impact on the
development of obesity, diabetes and heart disease in the later life of a child [47].
Genes determine the development of a child. The function of a gene is affected by
the intrauterine environment. It is possible that small changes in the intrauterine
environment might alter the expression of genes and the structure and function of
the developing system [159]. Child’s development in the womb and in the period of
postnatal feeding up to weaning is more affected by the mother than by the father
[23]. The time period of postnatal life and childhood is affected by maternal and
paternal factors. After birth the child is not connected to the mother via the
umbilical cord anymore. Lifestyle factors which are shared within a family like
media consumption, time of physical activity and nutrition might affect the
children’s metabolic and cardiovascular risk factors and weight development.
Cardiovascular risk factors which are present in adults were found to be also
present in overweight and obese children [97]. Based on the observation that an
altered level of cardiovascular risk factors will be tracked from childhood to
adulthood, the identification of children with elevated cardiovascular risk [107] and
the identification of determinants of cardiovascular risk factors is important.
A consistent definition for the metabolic syndrome in childhood and adolescents is
not available. In the Ulm Birth Cohort Study (UBCS) six cardiovascular risk factors
in fasting blood (concentration of insulin, glucose, Retinol-Binding-Protein 4
(RBP4), Apolipoprotein B (ApoB), leptin and adiponectin) of the eight years old
child, mother and father were analysed. These are considered to be important
prognostic factors for cardiometabolic diseases in later life. The anthropometric
parameter Body Mass Index (BMI) was also used as cardiovascular risk factor.
The blood concentration of fasting insulin is an acceptable measure of insulin
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resistance in population studies [54]. Adiponectin is exclusively adipocyte-derived
[63]. Adiponectin is involved in the regulation of insulin sensitivity and fatty acid
metabolism [97]. Obese children and adolescents have a lower level of
adiponectin. In these children strong negative associations between the
concentration of adiponectin and marker of the metabolic syndrome (systolic blood
pressure, waist circumference, triglyceride, 2 hour glucose level and oral glucose
tolerance test) are present. A positive association exists between the level of
adiponectin and HDL-c. The level of adiponectin is a significant and independent
predictor of metabolic syndrome in childhood and adolescents [10]. Leptin plays a
central role in the regulation of energy homeostasis and body weight through a
negative feedback system in adult life [18, 90]. The serum concentrations of leptin
are positively correlated with the BMI. In adolescents it was shown that a high
concentration of leptin enhances platelet aggregation, promotes a prothrombic
state, angiogenesis and the impairment of the vascular function [142]. The
adipokine RBP4 is secreted by adipocytes and the liver. RBP4 plays a role in the
transport of vitamin A. RBP4 is also described as factor associated with insulin
resistance. RBP4 influences insulin sensitivity by affecting insulin signalling in the
muscle. An altered phosphorylation of tyrosine of insulin-receptor substrate 1 is
discussed [160]. ApoB acts as ligand for the ApoB- and the Apolipoprotein Ereceptor, which regulate the intake of cholesterol in peripheral tissue and liver.
90% of ApoB is located in low-density-lipoprotein (LDL). The concentration of
ApoB is a quantitative measure of the number of atherogenic particle in plasma.
An increased concentration of ApoB is associated with abdominal obesity,
hyperinsulinaemia and insulin resistance. ApoB is a stronger predictor of
cardiovascular risk than the level of LDL [29, 145]. So far most of the selected
factors were not analyzed in family studies and some might be more specific and
might be more of interest as cardiovascular risk factors in the future research.
The UBCS has a design that allowed searching for intrauterine factors, postnatal
factors and factors of early childhood which might affect weight development and
cardiovascular risk factors of a child. The longitudinal design of the study with
regular follow-ups of the child since birth, the collection of biological samples, the
collection of anthropometric, clinical and behavior data of mother, father and the
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child make it possible to look for intrafamilial associations of cardiovascular risk
factors and to search for determinants affecting these associations.
I hypothesize that there are parent dependent intrafamilial associations for
selected cardiovascular risk factors in the UBCS. It is believed that there are
mother and father specific factors which have long life effects on offspring’s
cardiovascular risk factors. In addition the author hypothesizes that intrafamilial
associations are also detectable in a healthy cohort and not only in high risk
populations. Therefore, the aim of the study was to investigate interfamilial
associations for selected cardiovascular risk factors.
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2. Methods
2.1 Description of the Ulm Birth Cohort Study
2.1.1 Recruitment of study participants
The UBCS was started in 2000. All women who were admitted to the Department
of Gynaecology and Obstetrics at the University of Ulm between November 2000
and November 2001 to give birth to a baby were recruited for the study (n=1593).
Inclusion criteria were: understanding of German, Turkish or Russian language;
pregnancy duration of at least 32 weeks, birth weight > 2000g, no transfer of the
newborns to the Department of Paediatrics immediately after delivery for medical
reasons and the mother staying at postnatal ward of the Department of
Gynaecology and Obstetrics after delivery. 1066 mothers fulfilled the inclusion
criteria and participated in the study (67% of the n=1593 eligible families). The
participation was voluntary and an informed consent of the women was obtained in
all cases.
The UBCS is a prospective study with a longitudinal design. The study was
followed up 6 weeks, 6 months, 1, 2, 3, 4, 6 and 8 years after child’s birth. The
UBCS is a family study collecting data of the child, the mother and the father.

2.1.2 Coordinators of the Ulm Birth Cohort Study
The UBCS was established by the epidemiological research group of Prof. H.
Brenner (Institute of Epidemiology, University of Ulm, present institution: German
Cancer Research Centre, Heidelberg). At 8 year follow-up the UBCS was
renamed in Ulm Children Study (UCS). The UCS is sponsored by the Federal
Ministry of Education and Research (BMBF) and is conducted within the BMBFCompetence Network Obesity (CNO). The following cooperation partners are
involved in the process of the 8 year follow up:
•

Prof. Dr. M. Wabitsch; Department of Paediatrics and Adolescent Medicine
Ulm University, Pediatric Endocrinology, Diabetes and Obesity Unit, Ulm

•

Prof. Dr. H. Brenner; German Cancer Research Centre; Division of Clinical
Epidemiology and Aging Research, Heidelberg

•

Prof. Dr. Hebebrand and Prof. Dr. B. Schimmelmann; University of
Duisburg – Essen, Department of Child and Adolescent Psychiatry and
Psychotherapy, Duisburg-Essen
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2.1.3 Vote of the ethic committee
The study was approved by the Ethics committees of the medical faculties at the
Universities of Ulm and Heidelberg.

2.1.4 Design of the follow-ups of the Ulm Birth Cohort Study
Follow-ups of the cohort were performed at child’s age of 6 weeks, 6 months, 12
months, 2, 3, 4, 6 and 8 years. Table 1 (appendix) shows the contents of each
follow-up. Each follow-up included a parent questionnaire. The questions differed
in the follow-ups.
Baseline examination
At baseline all women got a questionnaire to fill out. The following reported
parameters were used in the statistical analysis as continuous and/or categorical
variables.

Variable

Kind of variable

Classification

Maternal smoking before pregnancy

Categorical

Yes
No

Maternal smoking during pregnancy

Categorical

Yes
No

Paternal smoking during pregnancy of the Categorical

Yes

partner

No

Umbilical cord blood concentration

Continuous

of leptin (ng/l)
Umbilical cord blood concentration

Continuous

of adiponectin (µg/l)
Umbilical cord blood concentration

Continuous

of cotinine (ng/ml)

Categorical

6

Quartiles

Methods

Umbilical cord blood sample
a) Extraction of blood samples
The EDTA tubes (cord blood) were already taken in the delivery room. 2 ml of
EDTA blood were pipetted into a 2 ml microcentrifuge tube. The EDTA monovette
was centrifuged at 3500 rev / min for 15 minutes. 2 ml of plasma were pipetted into
a second microtube. To a third microtube, the buffy coat (white blood cells, which
were intended for the histological examination) was transferred. The samples were
frozen at -80 °C.
b) Measuring the concentrations of leptin, adiponectin and cotinine in cord blood
Measurements of cotinine concentrations were done at “Immundiagnostik AG”
(Bensheim). The plasma concentrations of leptin, adiponectin and cotinine in cord
blood were measured using an Enzyme-linked ImmunoSorbent Assay (ELISA).
The data of concentrations of leptin, adiponectin and cotinine have been provided
for analysis in the present study. Further details can be read elsewhere [152].
Principles of ELISA (phase two-site enzyme immuno-assay; figure 1):
•

Also called sandwich technique

•

The first antibody (primary antibody) is coated on a microtitre well

•

The primary antibody is directed against a separate antigenic determinant
of the molecule, for example adiponectin

•

The microtitre well is incubated with the sample

•

Antibodies and antigens react with each other

•

A

second

antibody

(secondary

antibody)

has

an

linked

enzyme

(peroxidase)
•

The second antibody binds to the antigen

•

Both antibodies built a “sandwich” with the antigen in the middle

•

3,3`,5;5`-tetramethylbenzidiene (TMP) is added

•

This leads to a colour formation

•

A stop solution is added

•

The well is evaluated in a spectrophotometer

•

By the colour development and the standard series different samples can
be analyzed quantitatively and qualitatively
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Figure 1. Principle of the Enzyme-linked ImmunoSorbent Assay
(TMP, 3,3´,5,5´-tetramethylbenzidiene)
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Record of prenatal and natal care
Data of the records of prenatal and natal care were collected. The following
variables were used as continuous and/or categorical variables in the statistical
analysis.

Variable

Kind of

Classification

variable
Maternal weight before pregnancy Continuous
(kg)
Maternal

BMI

before

pregnancy Categorical Underweight (<18.5)

(kg/m2)*

Normal weight (18.5 – 24.9)
Overweight (25-30)
Obesity (> 30)
Categorical quartiles and septiles
Continuous

Last measured body weight of the Continuous
pregnant women (kg)
BMI

at

the

end

of

pregnancy Continuous

2

(kg/m )*

Categorical septiles

Maternal weight gain in pregnancy*

Continuous

Duration of pregnancy (weeks)

Continuous
Categorical quartiles

Child’s birth height (m)

Continuous

Child’s birth weight (kg)

Continuous
Categorical < 3000g
3000- 3500g
3500 – 4000 g
≥ 4000g

BMI values of the child at birth Continuous
(kg/m2) *
* calculated
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a) Calculation of maternal BMI values before and at the end of pregnancy
Maternal BMI values before pregnancy and maternal BMI values at the end of
pregnancy were calculated using maternal height recorded at baseline
examination. In the statistical analysis only data of weight and BMI values of the
mother at the end of pregnancy were used, if the last weight measurement
happened in the period of 3 weeks before delivery. Maternal pre-pregnancy BMI
values and BMI values at the end of pregnancy were categorized in septiles.
Additional criteria of the World Health Organization (WHO) for the definition of
underweight (BMI <18.5 kg/m2), normal weight (BMI: 18.5-24.9 kg/m2), overweight
(BMI: 25-29.9 kg/m2) and obesity (BMI >30kg/m2) in adults were used to define
maternal weight status before pregnancy [156].
b) Gestational weight gain
Gestational weight gain was calculated as the difference between maternal weight
at the end of pregnancy and maternal weight before pregnancy. In the statistical
analysis only data of weight and BMI values of the mother at the end of pregnancy
were used, if the last weight measurement happened in the period of 3 weeks
before delivery.
1 year follow-up of the UBCS
At 1 year follow-up all participants got a parent questionnaire to fill out. The
following reported parameters were used for statistical analysis as continuous
and/or categorical variables.
Variable

Kind

of Classification

variable
Child’s weight at 1 year of age (kg)

Continuous

Child’s height at 1 year of age (m)

Continuous

Child’s BMI values at 1 year of age (kg/m2)*

Continuous
Categorical

Duration of breastfeeding (months)

quartiles

Continuous
Categorical

<3
3-6
6-9
≥9
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Duration of exclusive breastfeeding (months)

Continuous

Maternal smoking

Categorical

Yes
No

Paternal smoking

Categorical

Yes
No

* calculated
2 year follow-up of the UBCS
At 2 year follow-up all participants got a parent questionnaire to fill out. The
following asked parameters were used for the statistical analysis as continuous
and/or categorical variables.

Variable

Kind of variable

Child’s weight at 2 years of age (kg)

Continuous

Child’s height at 2 years of age (m)

Continuous

Classification

Child’s BMI values at 2 years of age Continuous
(kg/m2)*
Maternal smoking

Categorical

Yes
No

Paternal smoking

Categorical

Yes
No

* calculated
3 year follow-up of the UBCS
At 3 year follow-up participants got a parent questionnaire to fill out. The following
reported parameters were used for the statistical analysis as continuous and/or
categorical variables.

Variable

Kind of variable

Child’s weight at 3 years of age (kg)

Continuous

Child’s height at 3 years of age (m)

Continuous

Child’s BMI values at 3 years of age (kg/m2)*

Continuous
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Maternal smoking

Categorical

Yes
No

Paternal smoking

Categorical

Yes
No

* calculated
4 year follow-up of the UBCS
At 4 year follow-up participants got a parent questionnaire to fill out. The following
reported parameters were used for the statistical analysis as continuous and/or
categorical variables.

Variable

Kind of variable

Child’s weight at 4 years of age (kg)

Continuous

Child’s height at 4 years of age (m)

Continuous

Child’s BMI values at 4 years of age (kg/m2)*

Continuous

Classification

* calculated
6 year follow-up of the UBCS
At 6 year follow-up all women participants got a parent questionnaire to fill out.
The following reported parameters were used for the statistical analysis as
continuous and/or categorical variables.
Variable

Kind of variable

Child’s weight at 6 years of age (kg)

Continuous

Child’s height at 6 years of age (m)

Classification

Continuous
2

Child’s BMI values at 6 years of age (kg/m )*

Continuous

Maternal smoking

Categorical

Yes
No

Paternal smoking

Categorical

Yes
No

* calculated
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8 year follow-up of the UBCS
1. Parent questionnaire
At 8 year follow-up participants got a parent questionnaire to fill out. The following
reported parameters were used for the statistical analysis as continuous and/or
categorical variables.

Variable

Kind of variable

Classification

Maternal smoking

Categorical

Yes
No

Paternal smoking

Categorical

Yes
No

Breakfast

before

school/work

(mother, Categorical

Yes

father, child)

No

Soft drink consumption at school /work Categorical

< 3 times/week

(mother, father, child)

≥ 3 times /week

Soft drink consumption after school /work Categorical

< 3 times/week

(mother, father, child)

> 3 times /week

Sport in a sport club (mother, father, child)

Categorical

≤ 1 times/week
> 1 times /week

Sport outside of a sport club

Categorical

(mother, father, child)

≤ 1 times/week
> 1 times /week

Number of TV/PC in household

Categorical

≤1
>1

Time in front of TV/PC weekdays

Categorical

(mother, father, child)

≤ 1h/day
> 1h/day

2. Anthropometric and clinical examination of the child and his parents
Anthropometric measurements and clinical examinations were performed in the
Endocrine Outpatient Clinic of the Division of Pediatric Endocrinology and
Diabetes in a standardized manner.
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2.1 Anthropometric measurements
Body height and body weight
Children wore underclothes and no shoes. Parents wore trousers, a vest and no
shoes. Body height was measured with accuracy to the nearest 0.1 cm (Ulm
stadiometer, Busse Design, Ulm, Germany). Body weight was measured of
nearest 0.1 kg on a calibrated balance beam scale (Seca, Hamburg, Germany).
BMI values
BMI values were calculated as weight (kg)/height (m)2.
For adults the BMI values were categorized according to the international
classification of the WHO of adult underweight, normal weight, overweight and
obesity (BMI < 18.5 kg/m2 underweight, BMI between 18.5 – 24.9 kg/m2 normal
weight, BMI between 25 -29.9 kg/m2 overweight, BMI ≥ 30 kg/m2 obesity) [156].
The following parameters were used for statistical analysis as continuous and/or
categorical variables.
Variable

Kind of variable

Child’s weight at 8 years of age (kg)

Continuous

Child’s height at 8 years of age (m)

Continuous

Classification

Child’s BMI value at 8 years of age Continuous
(kg/m2)*

Categorical

quartiles

Maternal/Paternal weight at 8 year Continuous
follow-up (kg)
Maternal/Paternal height at 8 year Continuous
follow-up (m)
Maternal/Paternal BMI value at 8 year continuous
follow-up (kg/m2)*

categorical

< 18.5 kg/m2
(underweight)
18.5 – 24.9 kg/m2
(normal weight)
25 -29.9 kg/m2
(overweight)
≥ 30 kg/m2 (obesity)
quartiles

* calculated
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2.2 Blood analysis
From each participant fasting blood samples (one Ethylendiamintetraacetate
(EDTA) plasma and two serum monovettes) were taken by venous puncture.
a) Measurement of fasting blood glucose level directly after withdrawal of the
plasma sample
Directly after withdrawal of the blood samples the concentration of fasting blood
glucose was measured by using HemoCue B-Glucose Analyser (Quest
Diagnostics, Spain). EDTA plasma has been used to measure the concentration of
fasting blood glucose.
Sample material:

venous whole blood

Measurement range:

0 - 444 mg/dl

Sample volume:

5µl

Operating temperature:

15-30°C

Calibration:

the analyzer is factory calibrated and needs no
further calibration

Microcuvettes:

stored below 8°C

Principle of the method (figure 2)
- Alpha-D-glucose is transformed to beta-D-glucose via mutarotase enzyme
- Beta-D-glucose reacts with NAD (nicotinamide adenine dinucleotide) under the
influence

of

glucose-dehydrogenase,

and

NADH

(nicotinamide

adenine

dinucleotide hydroxide) is formed
- NADH and MTT (3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazoliumbromid,
a tetrazolium salt) react under the influence of diaphorase to MTTH (3-(4,5Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazoliumbromid hydroxide, a coloured
formazan) and NAD
- The value of MTTH is quantified photometrical with a two-wavelength method
(660 and 840mm)
- Photometry:
•

A part of the light (wavelength of 660 and 840 mm), that has passed
through the cuvette is attenuated by the liquid sample

•

A photocell measures the attenuation of the light
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•

The concentration of a substance is calculated after Lambert-Beer's law
A=I*d*c
A = attenuation of the light

I = Dye-specific factor

d= thickness of the cuvette

c= concentration of the substance or of
the dye

Figure 2. Principle of the method of the HemoCue B-Glucose Analyser to
measure the concentration of glucose in plasma blood
NAD

nicotinamide adenine dinucleotide

NADH

nicotinamide adenine dinucleotide hydroxide

MTT

3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazoliumbromid)

MTTH

3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazoliumbromid hydroxide
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Implementation of the measurement
•

The microcuvettes were stored in a freezer

•

Approximately 30 minutes before analysis the microcuvettes were taken
from the freezer, so that they reach room temperature

•

At each examination day the HemoCue B-Glucose Analyser was controlled
by using a control cuvette

•

After withdrawal of the fasting blood sample (EDTA plasma) the
microcuvette was dipped in the EDTA tube

•

The microcuvette was added to the HemoCue B-Glucose Analyser and the
measurement was read and noted down

b) Treatment of the fasting blood samples
Directly after withdrawal and after measurement of blood glucose concentrations
the blood samples were treated.
Implementation (figure 3):
•

Directly after withdrawal the EDTA-plasma monovettes were centrifuged
at -4°C

•

After withdrawal the serum monovettes were centrifuged at room
temperature

•

After the centrifugation the monovettes were stored on ice for following
treatment

•

With a pipette, 500 µl of plasma/serum was pipetted into a Nunc Cryo tube

•

The goal was to win seven aliquots per Monovette

•

The tubes were also stored on ice in boxes till final storage at -80° C

•

Storage of the tubes at -80°C
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Figure 3. Treatment of blood samples of study participants of the 8 year follow-up
of the UBCS (EDTA, Ethyldiamintetraacetate; UBCS, Ulm Birth Cohort Study)

c) Measurement of cardiovascular risk factors in plasma of the child, the
mother and the father
The aliquots of plasma and serum were frozen at -80°C. After the end of the
anthropometric and clinical examination of all participants of the 8 year follow-up of
the UBCS, the concentrations of insulin, leptin, adiponectin, ApoB and RBP4 in
plasma of the child, the mother and the father were measured at the laboratory of
the working group of Prof. W. Koenig (Laboratory for Molecular Cardiovascular
Epidemiology and Preventive Cardiology (Prof. Koenig), University of Ulm,
Department of Internal Medicine II).

Measurement of the concentrations of insulin, leptin and adiponectin - Enzymelinked ImmunoSorbent Assay
The fasting plasma concentrations of insulin, leptin and adiponectin were
measured using an ELISA. The principle of the method is described in the section
“umbilical cord blood sample”.
18

Methods

Reagents:
•

Coated Plate (mouse monoclonal anti-human adiponectin/leptin/insulin)

•

Calibrators 1-5 (recombinant human adiponectin/leptin/insulin; colour coded
yellow)

•

Calibrator 0 (colour coded yellow)

•

Assay buffer (colour coded red)

•

Sample buffer (colour coded yellow)

•

Enzyme conjugate (peroxidase conjugated mouse monoclonal anti-human
adiponectin/leptin/insulin)

•

Enzyme conjugate buffer (colour coded blue)

•

Wash buffer

•

Substrate TMB (3,3´,5,5´-tetramethylbenzidine)

•

Stop solution (80.5 M sulfuric acid (H2SO4))

Test procedure:
•

Preparation of enzyme conjugate solution, sample buffer, wash buffer and
samples (thaw of the blood samples)

•

Preparation of the microplate wells

•

Pipette 25µl each of the calibrators and samples into appropriate well

•

Adding of 100µl of the Assay Buffer into each well

•

Incubation on a plate shaker (700-900 rpm) for 1 hour (adiponectin and
insulin)/ 2 hours (leptin) at room temperature

•

Washing of the plate

•

Adding of 100µl enzyme conjugate solution into each well

•

Incubation for 15 minutes at room temperature

•

Adding of 50µl of the Stop Solution to each well

•

Incubation on a plate shaker (700-900 rpm) for 5 minutes at room
temperature

•

Read optical density at 450nm

•

Calculation of the results
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Measurement of the concentrations of ApoB and RBP4 - Immunonephelometry
The fasting concentration of ApoB and RBP4 in plasma was measured by
immunonephelometry.
Principle of the immunonephelometry (figure 4):
•

The method is based on the fact, that an immune complex of antigen and
antibody lead to a light-scattering in the cuvette, which is irradiated with
light

•

Nephelometry measured the intensity of light-scattering

•

A semi-microcuvette possessing its own light-scattering signal in the empty
state, which is measured in advance

•

The sample and the antiserum solution are mixed und the agents react with
each other

•

The cuvette is placed in the nephelometry (Behring nephelometer) and the
scattered light signal of the antigen-antibody complex is measured

•

The light-scattering signal of the cuvette in the empty state is subtracted
from the measured value

•

The antigen concentration is determined from the calibration curve (4-6
measuring points)

Reagents:
•

N-antiserum against prealbumin

•

N-antiserum against human RBP4/ApoB

•

N-antisera are liquid, animal sera, produced by immunizing rabbits with
highly purified prealbumin/RBP4/ApoB

Material:
•

Behring nephelometry system (BN* system)

•

N protein standard SL (human)

•

N/T protein control SL/L and H (human)

•

Reaction buffer

•

N diluent

•

Additional reagent/precipitation

•

BN* eraporation stoppers
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Test procedure:
•

Reagents and samples should have room temperature

•

First, a reference curve is generated automatically

•

The sample is diluted 1:5 with a N-diluent and the level of RBP4/ApoB is
measured

Figure 4. Principle of the Immunonephelometry

c) Quality control
Sensitivity

Coefficient of variation*

Insulin (mU/l)

-

5.06 %

Adiponectin (µg/ml)

-

7.00%

Leptin (ng/l)

-

6.47%

ApoB (g/l)

0.24g/l

3.97%

RBP4 (g/l)

0.012g/l

4.77%

* corresponds to the standard deviation as a percentage relative to the mean
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The following blood parameters were used for the statistical analysis as
continuous and/or categorical variables.
Variable

Kind of

Classification

variable
Fasting blood concentration of insulin (mU/l)

continuous

Internal calculated percentile of insulin level*

categorical

<85th percentile
≥85th percentile
quartiles

Fasting blood concentration of glucose (mg/dl)

continuous
categorical

quartiles

Fasting blood concentration of ApolipoproteinB continuous
(g/l)

categorical

Fasting blood concentration of leptin (ng/ml)

continuous
categorical

quartiles

quartiles

Fasting blood concentration of adiponectin continuous
(µg/ml)

categorical

Fasting blood concentration of RBP4 (g/l)

continuous
categorical

* calculated only for the children
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In figure 5-7 parameters of the child, the mother and the father, which were used
in the statistical analysis to test the hypothesis of the study, are summarized.

Figure 5. Selected parameters of the child (biological, social and behavioural
factors) for the statistical analysis collected within follow-ups of the UBCS
(ApoB, Apolipoprotein B; BMI, Body Mass Index; PC, personal computer; RBP4, RetinolBinding-Protein 4; UBCS, Ulm Birth Cohort Study; TV, television)
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Figure 6. Selected maternal parameters (biological, social and behavioural
factors) for the statistical analysis collected within follow-ups of the UBCS
(ApoB, Apolipoprotein B; BMI, Body Mass Index; PC, personal computer; RBP4, RetinolBinding-Protein 4; UBCS, Ulm Birth Cohort Study; TV, television)
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Figure 7. Selected paternal parameters (biological, social and behavioural factors)
for statistical analysis collected within follow-ups of the UBCS
(ApoB, Apolipoprotein B; BMI, Body Mass Index; PC, personal computer; RBP4, RetinolBinding-Protein 4; UBCS, Ulm Birth Cohort Study; TV, television)
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2.2 Statistical analysis
Statistic software
Statistical analyses were conducted with Enterprise Intelligence Platform SAS®
9.2 statistic software (SAS Institute Inc, United States of America).
Descriptive statistical analysis
A descriptive statistic of continuous variables was performed:
- Sample size (n)
- (Arithmetic) Mean
- Median
- Standard Deviation (SD)
The descriptive statistical analysis of categorical variables was performed:
- Sample size (n)
- Percentage (%)
Correlation analysis
The Spearman correlation coefficient (no assumption of normal distribution) was
calculated. Crude and partial adjusted correlation analyses were conducted. The
correlation coefficient describes the relation between two continuous variables.
The correlation coefficient can reach a level between 0 and 1.
Linear regression analysis
a) Analysis of a linear association between two continuous variables
The beta-coefficient (ß-coefficient) shows the increase /decrease of the dependent
variable if the explaining variable increases /decreases per one unit. R2 explains
the percentage of variation with which the dependent variable is explained by the
explaining variable.
b) Differences of mean values between two groups
The ß-coefficient shows the difference of the mean value between two groups
(dichotomised variable). The confidence interval (CI) shows the range of the
difference between the two groups.
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Multiple regression analysis
The aim of a multiple regression analysis is to find out how well several
independent variables together can predict a dependent variable. The calculated
coefficient of determination (R2) explains which amount of variance of the target
variable could be explicated by the several independent variables. Based on
research of the current literature variables for the multivariable basis model were
identified. The multivariable basis model included the following variables:
maternal BMI values before pregnancy, duration of pregnancy, umbilical cord
blood concentration of cotinine, birth weight of the children, BMI values of the
children at one year of age, gender of the children and duration of breastfeeding.
First, the crude linear regression coefficients as a measure of an association
between testing variable and response variable were calculated. The linear
regression coefficient was adjusted as part of an additional step and the coefficient
of determination was calculated. The multivariable basis model was further
adjusted for the following variables: 1. current BMI values of the children at eight
years of age, 2. maternal BMI values at eight-year follow-up of the UBCS, 3. for
maternal cardiovascular risk factor concentrations in fasting blood, 4. for paternal
cardiovascular risk factor concentrations in fasting blood. It was tested to
determine if the adjustment for the selected variable/variables increases or
decreases the coefficient of determination. It was further tested to see how a
particular variable can improve the prediction of a dependent variable if other
variables are also used to predict the dependent variable. For each dependent
variable (fasting blood concentration of insulin, glucose, adiponectin, leptin and
RBP4 of a child at the age of eight) was the same multivariable basis model used
and the adjustment was also the same. At first, the continuous variables were
used to calculate the multiple regression analysis, and secondly the qualitative
variables (categorised in quartiles) were used for the multiple regression analysis.
Statistical tests
For the testing of statistical differences the following statistical tests were used:
- Kruskal-Wallis Test (test of group differences, continuous variables)
- Chi-Squared Test (test of group differences, categorical variables)
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Significance level
A p-level (two-sided) <0.05 was defined as statistically significant.

2.3 Listing of activities and personal contributions to the project
My personal contributions to the project besides the statistical analysis for this
thesis have been:
•

coordination of study procedure including
o mailing of the parent questionnaire (8-year Follow-up)
o documentation of the parent questionnaire receipt (8-year Follow-up)
o contacting

the

study

participants

for

appointments

for

anthropometric and clinical examinations in the Endocrine Outpatient
Clinic of the Division of Pediatric Endocrinology and Diabetes of Ulm
•

organization and conduct of anthropometric and clinical examinations in the
Endocrine Outpatient Clinic of the Division of Pediatric Endocrinology and
Diabetes Preparation of Ulm
o preparation of study materials
o obtaining informed consent for physical and clinical examinations
o measurement of fasting blood glucose concentration using HemoCue BGlucose Analyser
o processing of fasting blood samples and urine samples according to the
Standard Operating Procedure
o conduct of anthropometric measurements
o entry of survey data into a database

•

plausibility check of the database (survey data of examination)

•

organisation and execution of the transport of aliquots of fasting blood samples
(8-year Follow-up) to the cooperation partner Prof. H. Brenner (German Cancer
Research Centre; Division of Clinical Epidemiology and Aging Research,
Heidelberg)

•

organisation of the transport of aliquots of fasting blood samples (8-year
Follow-up) to the laboratory of the working group of Prof. Koenig (Laboratory
for Molecular Cardiovascular Epidemiology and Preventive Cardiology,
University of Ulm, Department of Internal Medicine II) for analyses of previously
defined cardiovascular risk factors
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3. Results
3.1 Descriptive statistic analysis of the cohort
1. Continuous variables
Participants of the 8 year follow-up examination of the UBCS
At the 8 year follow-up of the UBCS n=536 children, n=524 mothers and n=314
fathers were examined clinically and anthropometrically. The participation rate was
71.68% (524 of 731 mother-child pairs) when compared to the 6-year Follow-up,
and 49.16% when compared to the number of initial study participants (n=1.066).
Complete data sets for child, mother and father (trios) were available for a sample
of n=303.
Mean age of the children at each follow-up of the UBCS
The mean age of the children at each of the follow-up examinations is shown in
table 2. The children were examined briefly by her birthday.
BMI of the children at birth, at 1, 2, 3, 4, 6 and 8 years of age
The statistical analysis using BMI data of the children included only children with a
measured value of BMI at the 8 year follow-up of the UBCS. The mean values for
BMI of the children are presented in table 3. The largest mean BMI values of the
children are seen at the age of one year.
Concentration of cardiovascular risk factors in fasting blood from participants of
the 8 year follow-up of the UBCS
At the 8 year follow-up of the UBCS a fasting blood sample was taken from all
participants who have agreed to blood withdrawal. Taking of a fasting blood
sample was possible for n=488 children, n=503 mothers and n=304 fathers. In
table 4 the mean blood concentrations of the measured cardiovascular factors in
fasting blood (glucose, insulin, ApoB, adiponectin, leptin and RBP4) of child,
mother and father are presented.
Maternal BMI before, and at the end of pregnancy and gestational weight gain
Data of maternal BMI value before pregnancy and at the end of pregnancy were
analyzed (table 5). Data of maternal BMI value before and at the end of pregnancy
were included in the statistical analysis, if a measured value of BMI of the mother

29

Results

at the 8 year follow-up was available. The mean BMI of the mother before
pregnancy was 23.90 kg/m2 (SD 3.79 kg/m2). At the end of pregnancy the mean
BMI of the women was 28.22 kg/m2 (SD 3.85).
The mean gestational weight gain was 14.22 kg (SD 5.18) (table 5).
Umbilical cord blood concentrations of adiponectin, leptin and cotinine
The mean concentrations of adiponectin, leptin and cotinine in the umbilical cord
blood are summarised in table 6.
Duration of breastfeeding
The children were breastfed on average for 7 months and were exclusively
breastfed for 4 months (table 7).
2. Categorical variables
Sex of the child (8 year follow-up of the UBCS)
48% of the examined children at the 8 year follow-up of the UBCS were boys.
Parental weight status at different follow-up examinations
71% of the women were of normal weight before pregnancy (table 8). 25% of the
women had a BMI higher than 25 kg/m2 and had therefore been overweight. At the
8 year follow-up of the UBCS a higher percentage of the mothers were overweight
compared to the overweight prevalence rate of the mothers before pregnancy. At
the 8 year follow-up of the UBCS 51% of examined fathers were overweight (BMI:
25-29.9 kg/m2) and 14% were obese (BMI >30 kg/m2). Only one third of the
fathers were of normal weight.
Breastfeeding
In the UBCS only a few percentage of 6.23 % of the children have not been
breastfed (table 9)
Parental smoking habits
23% of the mothers reported smoking before pregnancy (table 10), and only 6.4%
of women smoked during pregnancy. One third of the fathers smoked during
partner’s pregnancy. A higher percentage of fathers than mothers reported active
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smoking in the offsprings’ childhood. In all follow-up examinations of the UBCS
11% of the mothers and 21% of the fathers reported active smoking on average.
Behavioural factors of the child, the mother and the father (8 year follow-up of the
UBCS)
The statistical description of selected behavioural factors of the child, the mother
and the father are summarised in table 11. The data were collected by means of a
parent questionnaire at the 8 year follow-up of the UBCS.
a) Child
It was reported in the parent questionnaire, that one third of the eight years old
children spend more than one hour in front of television (TV) on a weekday.
Compared to this result, 72% of the children spend more than one hour in front of
TV at the weekend. About one third of the children lived in a household with more
than one TV. Also a high percentage of children lived in a household with more
than one personal computer (PC). Few soft drink consumption at school of eight
years old children was reported. 12% of the children consumed soft drinks more
than three times per week out of school. There was a small group of children who
do not have breakfast before school (5%).
b) Parents
A high percentage of mothers and fathers reported, that they spend more than one
hour in front of TV on weekdays, the same is the case at the weekend. About 50%
of the parents reported, that they are less than once per week physically active in
a sports club and about 70% of the parents take exercise less than once a week
outside of a sport club. The mothers’ consumption of soft drinks at work and out of
work was comparable with the consumption data of the children. 15% of the
fathers consumed soft drinks more than three times per week at work/out of work.
A high percentage of mothers and father reported that they do not have breakfast
before work (24% and 36%).
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3.2 Correlation analysis
3.2.1 Correlation between BMI and cardiovascular risk factors in fasting
blood in eight-year-old children, mothers and fathers
In table 12-14 the correlation between the cardiovascular risk factors (BMI values,
plasma concentrations of glucose, insulin, ApoB, leptin, adiponectin and RBP4) of
the eight-year-old children (table 12), the mother (table 13) and the father (table
14) are shown.
Eight-year-old children
The fasting plasma concentrations of insulin were highly positively correlated with
the concentrations of leptin (r= 0.48) (table 12). A strong correlation was also
identified between the fasting insulin concentrations and the current BMI values of
the children (r= 0.33). The fasting plasma glucose concentrations correlated
positively with the fasting concentrations of insulin. Weaker correlations existed
between fasting plasma concentrations of glucose and the plasma concentrations
of leptin, ApoB and the BMI values. The fasting plasma concentrations of
adiponectin were only positively correlated with the fasting plasma concentrations
of leptin (r=0.15). The fasting plasma concentrations of RBP4 were highly
positively correlated with the plasma concentrations of leptin (r=0.20) and the BMI
values (r=0.19). The plasma concentrations of RBP4 were also positively
correlated with the concentrations of insulin and ApoB. Children’s fasting plasma
concentrations of ApoB were positively correlated with the plasma concentrations
of leptin (r=0.20). The fasting plasma concentrations of leptin were highly positively
correlated with the BMI values (r=0.66).
Mothers
The

strongest

positive

correlation

existed

between

the

fasting

plasma

concentrations of leptin and the BMI values (r=0.76, table 13). There was as well
to be identified a strong correlation between the fasting plasma concentrations of
insulin and leptin (r= 0.60). A strong correlation was also observed between
maternal fasting plasma concentrations of insulin and BMI values (r=0.48). Further
significant positive correlations were observed between the plasma concentrations
of insulin and the plasma concentrations of RBP4, ApoB and glucose.

32

Results

A negative correlation existed between the plasma insulin concentrations and the
plasma concentrations of adiponectin (r=-0.25). Further negative correlations were
identified

between

the

plasma

glucose concentrations

and the plasma

concentrations of ApoB (r=-0.28) and RBP4 (-0.15). The plasma concentrations of
adiponectin were negatively related to the plasma concentrations of ApoB, leptin
and the BMI values. Positive correlations were observed between the plasma
concentrations of RBP4 and the plasma concentrations of ApoB, leptin and the
BMI. Negative correlations existed between the plasma concentrations of ApoB
and the BMI values. The concentrations of ApoB were positively related to the
plasma concentrations of leptin.
Fathers
The plasma concentrations of insulin were positively related to the plasma
concentrations of leptin (r=0.65) and to the BMI values (r=0.77, table 14). Weaker
positive correlations were identified between the plasma concentrations of leptin
and insulin (r=0.65). Negative correlations existed between the fasting blood level
of insulin and adiponectin (r=-0.35). The plasma glucose concentrations were
negatively related to the plasma concentrations of ApoB (r=-0.17). Negative
correlations were observed between the plasma concentrations of adiponectin and
the plasma concentrations of RBP4, leptin, ApoB and the BMI values. The
strongest negative correlation existed between plasma concentrations of
adiponectin and the BMI values (r=-0.33). The plasma concentrations of ApoB
were highly positively related to the plasma concentrations of insulin (r=0.31) and
to the BMI values (r=0.34).
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3.2.2 Intrafamilial correlations between the cardiovascular risk factors
Intrafamilial correlations between fasting blood concentrations of insulin
The fasting plasma concentrations of insulin were more strongly correlated
between mothers and children than between fathers and children (r=0.23 versus
r=0.10) (table 15). The correlation coefficient between maternal and offspring
fasting blood concentrations of insulin became stronger if the correlation was
partially adjusted for the gender and BMI values of the children at eight years of
age. The strongest correlation between maternal and offspring fasting insulin
concentrations existed if the child's gender and the BMI values for mothers and
offspring at eight-year follow-up were considered (r=0.29). Paternal and offspring
fasting insulin concentrations were not significantly correlated. The correlation
coefficient between the fasting insulin concentrations of the fathers and children
became significant if the correlation was partially adjusted for the current BMI
values of the children and their fathers at eight-year follow-up of the UBCS
(r=0.14). In summary, after partial adjustment for the BMI values of the family
members and the gender of the children, the intrafamilial fasting insulin
concentrations were more strongly related between mothers and offspring than
between fathers and offspring.
Intrafamilial correlations between fasting blood concentrations of glucose
Stronger intrafamilial correlation coefficients were seen between maternal and
offspring fasting blood glucose concentrations than between paternal and offspring
plasma concentrations of glucose (not significant, table 15). The intrafamilial
correlation coefficient also remained non-significant after partial adjustment for
current BMI values of the children and their parents at eight-year follow-up of the
UBCS.
Intrafamilial correlation between fasting blood concentrations of adiponectin
The plasma concentrations of adiponectin were comparably correlated between
mothers and children and fathers and children (table 15). The correlation
coefficient between maternal and offspring fasting blood concentrations of
adiponectin became stronger after partial adjustment for the BMI value of the
mothers and children at eight-year follow-up of the UBCS (r=0.34). A comparable
increase in the correlation coefficient between paternal and offspring fasting blood
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concentrations of adiponectin was seen after partial adjustment for the current BMI
values of the children and the fathers (r=0.31).
Intrafamilial correlations between fasting blood concentrations of ApoB
Stronger intrafamilial correlation coefficients were also seen for the fasting plasma
concentrations of ApoB (table 15) between mothers and children than between
fathers and children. The correlation coefficient between maternal and offspring
fasting ApoB concentrations did not become stronger after partial adjustment for
the gender of the offspring. After adjustment for the gender of the offspring, the
correlation between paternal and offspring ApoB concentrations became weaker
(0.22 versus 0.24). In summary, the intrafamilial ApoB concentrations were more
strongly related between mothers and children than between fathers and children.
These differences also existed after partial adjustment.
Intrafamilial correlations between fasting blood concentrations of RBP4
Stronger relationships between mothers and children were also seen for plasma
concentrations of RBP4 (table 15) compared to the relationships between fathers
and children. After partial adjustment for the current BMI values of the children at
eight years of age, the intrafamilial correlation coefficient became weaker between
maternal and offspring fasting blood concentrations of RBP4 (0.24 vs. 0.22). The
adjustment of the intrafamilial correlation for the BMI values of the offspring
increased the correlation coefficient between paternal and offspring fasting blood
concentrations of RBP4 in the amount of 0.02 from 0.14 up to 0.16. The
intrafamilial fasting RBP4 concentrations were more strongly related between
mothers and children than between fathers and children (crude and partial
adjusted).
Intrafamilial correlations between fasting blood concentrations of leptin
The fasting plasma concentrations of leptin were comparably correlated between
mothers and children and fathers and children. The correlation coefficient between
maternal and offspring fasting leptin concentrations also remained at a level of
0.10 after partial adjustment for the BMI values of the children and the mothers.
The correlation coefficient between the leptin concentrations in offspring and
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fathers increased up to 0.14 after partial adjustment for the BMI values of the
children and fathers at eight-year follow-up of the UBCS.
Intrafamilial correlations between BMI values
BMI values were more strongly related between the fathers and the offspring than
between the mothers and the offspring.
Correlation of cardiovascular risk factors between spouses
The plasma concentrations of insulin, glucose, adiponectin and leptin, as well as
the BMI (table 15) were positively correlated between the spouses. The fasting
insulin concentrations were also positively correlated between spouses after
partial adjusting for the current BMI values. The correlation coefficient between the
fasting blood concentrations of adiponectin between spouses became nonsignificant after partial adjustment for their current BMI values. The positive
correlations between the maternal and paternal fasting leptin concentrations
became negative after partial adjustment for the current BMI values of the mothers
and fathers at eight-year follow-up of the UBCS.

3.2.3 Correlation between parental BMI values and concentrations of
cardiovascular risk factors in the plasma of children
Maternal BMI values were positively related to offsprings’ plasma concentrations
of insulin and leptin (r=0.13; table 16). The strongest correlation existed between
paternal BMI values of the fathers and offsprings’ plasma concentrations of leptin
(r=0.20, table 16).

3.2.4 Correlation between the umbilical cord blood concentrations of
adiponectin, leptin and the BMI values of the children in childhood
Umbilical cord blood concentrations of adiponectin – BMI values of the children in
childhood
A highly positive correlation was observed between the umbilical cord blood
concentrations of adiponectin and the BMI values of the children at birth (r=0.10;
table 17). Children’s BMI values after birth were not related to the umbilical cord
blood concentrations of adiponectin.
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Umbilical cord blood concentrations of leptin – BMI values of the children in
childhood
Like the umbilical cord blood concentrations of adiponectin, a significant
relationship was identified between the umbilical cord blood concentrations of
leptin and the BMI values at birth. The correlation reached a level of 0.40 (table
17). Children’s BMI values after birth were not related to the umbilical cord blood
concentrations of leptin.

3.2.5 Correlation between the umbilical cord blood concentrations of
adiponectin, leptin and the concentration of cardiovascular risk factors in
the plasma of children at eight years of age
Umbilical cord blood concentrations of adiponectin – concentrations of
cardiovascular risk factors in the plasma of the eight-year-old children
The umbilical cord blood concentrations of adiponectin were positively related to
the plasma concentrations of adiponectin in children at eight years of age (table
18). A weak correlation coefficient existed between the umbilical cord blood level
of adiponectin and the adiponectin concentrations in plasma of eight-year-old
children (r=0.09).
Umbilical cord blood concentrations of leptin – concentrations of cardiovascular
risk factors in the plasma of the eight-year-old children
The umbilical cord blood concentrations of leptin were positively related to
children’s plasma concentrations of leptin and adiponectin at eight years of age
(table 18). No further cardiovascular risk factors were related to the umbilical cord
blood concentrations of leptin.

3.2.6 Correlations between children’s BMI values in childhood and the
concentrations of cardiovascular risk factors in plasma of eight-year-old
children
BMI values of the children in childhood – BMI values of the children at the age of
eight
The weakest correlation was identified between children’s BMI values at birth and
the BMI values at eight years of age (figure 8). The BMI values of the children at
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one year of age were highly related to the BMI values at eight years of age. The
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highest correlation existed between the BMI values at six and eight years of age.

Figure 8. Correlation between BMI values of the children at birth, 1, 2, 3, 4 and 6
years of age and the BMI values of children at eight years of age (n=517, UBCS)
(BMI, Body Mass Index; UBCS, Ulm Birth Cohort Study)

BMI values of the children in childhood – Plasma concentrations of insulin in
children at the age of eight
Not the children’s BMI values at birth, but the BMI values of the children at one
year of age were positively related to the plasma concentration of insulin in the
children at eight years of age (figure 9). The correlation coefficient between the
BMI values of the children at 2, 3 and 4 years of age with the insulin
concentrations at eight years of age were comparable. The highest correlation
existed between the current BMI values of the children and the plasma insulin
concentrations at the age of eight.
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Figure 9. Correlation between the BMI values of the children at birth, 1, 2, 3, 4, 6
and 8 years of age and the plasma insulin concentrations of children at the age of
eight (n=448; UBCS)
(BMI, Body Mass Index; UBCS, Ulm Birth Cohort Study)

BMI values of the children in childhood – Plasma concentrations of glucose in
children at the age of eight
The BMI values of the children at birth were not related to the plasma
concentration of the children at eight years of age (table 19). The BMI values since
one year of children’s age were positively related to the glucose concentrations in
the children at eight years of age.
BMI values of the children in childhood – Plasma concentrations of RBP4 of
children at the age of eight
The BMI values of the children at birth were not related to the plasma
concentrations of RBP4 of the children at eight years of age (table 19). As already
observed for the concentrations of insulin of children at eight years of age,
correlations between BMI values at one year of age and the concentrations of
RBP4 at eight years of age were also identified. The highest correlations were
seen between the current BMI values and the plasma concentrations of RBP4 of
the eight-year-old children (r=0.21).
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BMI values of the children in childhood – Plasma concentrations of leptin of
children at the age of eight
The concentrations of leptin of the children at eight years of age were not related
to the BMI values at birth (table 19). A high correlation existed between the BMI
values at one year of age and the leptin concentrations at eight years of age. The
highest correlation coefficients were identified between the BMI values at six and
eight years of age and the leptin concentrations of the children at the age of eight
years.
BMI values of the children in childhood – Plasma concentrations of ApoB and
adiponectin in children at the age of eight
No correlations between the BMI values of the children in childhood and the
plasma concentrations of ApoB and adiponectin of the children at eight years of
age were identified (table 19).

3.2.7 Correlation between the duration of breastfeeding and the BMI values
of the children in childhood and the concentrations of cardiovascular risk
factors in the plasma at eight years of age
Duration of breastfeeding – BMI values of the children in the childhood
Only children’s BMI values at one year of age were negatively related to the
duration of breast feeding (table 20). A similar trend was observed for exclusive
breastfeeding.
Duration of breastfeeding – Concentrations of cardiovascular risk factors in the
plasma of the children at eight years of age
The duration of breastfeeding was weakly and negatively related to children’s
plasma concentrations of insulin, RBP4 and leptin at eight years of age (table 21).
A weaker relation was observed between the duration of exclusive breast feeding
and the plasma concentration of insulin, RBP4 and leptin of the children at eight
years of age.
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3.2.8 Correlation between maternal pre-pregnancy BMI values, maternal BMI
values at the end of pregnancy and offsprings’ BMI values in childhood and
concentrations of cardiovascular risk factors in the plasma of eight-year-old
children
Maternal BMI values before pregnancy – offsprings’ BMI values in the childhood
Maternal pre-pregnancy BMI values were not related to children’s BMI at birth
(table 22). BMI values of the children at one year of age were positively related to
maternal pre-pregnancy BMI. The highest correlation coefficient was identified
between maternal pre-pregnancy BMI values and offspring’s BMI values at eight
years of age.
Maternal BMI values at the end of pregnancy – offsprings’ BMI values in the
childhood
BMI values of the children at birth were positively related to the BMI values of the
mother at the end of pregnancy (table 22). As observed for maternal prepregnancy BMI values, also a positive correlation existed between maternal BMI
values at the end of pregnancy and children’s BMI values at 1, 4, 6 and 8 years of
age.
Maternal BMI values before pregnancy – Concentrations of cardiovascular risk
factors in the plasma of the children at eight years of age
Maternal BMI values before pregnancy were positively related to offsprings’
plasma concentrations of insulin, leptin and ApoB at eight years of age (table 23).
Maternal BMI values at the end of pregnancy - Concentrations of cardiovascular
risk factors in the plasma of the children at eight years of age
Maternal BMI values at the end of pregnancy were positively related to offsprings’
plasma concentrations of insulin, leptin and ApoB at eight years of age (table 23).
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3.2.9 Correlation between gestational weight gain and offsprings’ BMI values
in childhood and the concentrations of cardiovascular risk factors in the
plasma of eight-year-old children
Gestational weight gain – Children’s BMI values in childhood
Only children’s BMI values at birth were highly related to gestational weight gain
(table 24). BMI values of the children at 8-year follow-up of the UBCS were not
related to gestational weight gain.
Gestational weight gain – Concentrations of cardiovascular risk factors in the
plasma of the children at eight years of age
Offsprings’ fasting blood levels of adiponectin at eight years of age increased with
increasing maternal weight gain during pregnancy (table 25). Further correlations
between maternal weight gain during pregnancy and offsprings cardiovascular risk
factors couldn't be identified.

3.2.10 Correlation between the concentrations of cotinine in the plasma of
umbilical cord blood and offsprings’ BMI values in childhood and the
concentration of cardiovascular risk factors in the plasma of the children at
eight years of age
Umbilical cord blood concentrations of cotinine – BMI values of the children in
childhood
The highest correlation existed between the umbilical cord blood concentrations of
cotinine and the BMI values of the children at eight years of age (table 26). BMI
values of the children at birth were not related to the concentrations of cotinine in
the umbilical cord blood.
Umbilical cord blood concentrations of cotinine – Concentrations of cardiovascular
risk factors in the plasma of the children at eight years of age
The umbilical cord blood concentrations of cotinine were positively related to the
plasma concentrations of insulin, ApoB and leptin of the children at eight years of
age (table 27).
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3.3 Linear regression analysis
3.3.1 Intrafamilial association between the cardiovascular risk factors at the
8-year follow-up of the Ulm Birth Cohort Study
Fasting blood concentrations of insulin
The fasting insulin concentrations were significantly associated only between
mother and child (table 28). No significant relationships were observed between
paternal and offsprings' fasting insulin concentrations. An increase in maternal
fasting insulin concentrations by 1 mU/l increased offsprings’ fasting insulin
concentrations by 0.15 mU/l. Maternal fasting blood concentrations of insulin
accounted for 4% of the variation in offsprings’ fasting insulin concentrations at the
age of eight.
Fasting blood concentrations of glucose
No significant associations were observed between offsprings' and parental fasting
blood glucose concentrations (table 28).
Fasting blood concentrations of adiponectin
Each 1 µg/ml decrease in maternal fasting adiponectin concentrations were
associated with a 0.35 µg/ml decrease in offsprings’ adiponectin concentrations at
eight years of age (table 28). Weaker associations were identified between
paternal and offsprings' fasting blood concentrations of adiponectin (ß=0.32
µg/ml).
Fasting blood concentrations of RBP4
A stronger intrafamilial association for RBP4 was found between mother and child
than between father and child (table 28).
Fasting blood concentrations of apolipoprotein B
Maternal ApoB concentrations were stronger related to offsprings’ fasting blood
concentrations of ApoB than paternal fasting blood concentrations of ApoB (table
28). Each 1 g/l increase in maternal ApoB concentrations increased offsprings’
ApoB concentrations by 0.28 g/l. Compared to these observations, each increase
in paternal ApoB concentrations per 1g/l increase offsprings ApoB level by 0.14
g/l.
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Fasting blood concentrations of leptin
In an intrafamilial context, the leptin concentrations showed a stronger association
between father and child than between mother and child (table 28). Each increase
in paternal fasting blood concentration of leptin per 1 ng/ml was related to an
increase in offsprings' leptin concentrations by 0.06 ng/ml.
BMI values
In comparison to most of the fasting blood concentrations, the BMI values of the
children at eight years of age were more strongly associated between father and
child than between mother and child (table 28). Paternal BMI accounted for 6% of
offsprings' variation in BMI values at eight years of age. Maternal BMI accounted
only for 2% of offsprings' variation in BMI values at eight years of age.

3.3.2 Associations between parental BMI values and cardiovascular risk
factors of the children at eight years of age
Associations between parental BMI and cardiovascular risk factors in children
aged 8 years are shown in table 29. BMI values of the mothers were positively and
significantly associated with offsprings' fasting insulin and glucose concentration.
BMI values of the fathers were intrafamilially associated to offsprings’ fasting blood
concentrations of leptin.

3.3.3 Associations between the umbilical cord blood concentrations of
adiponectin and leptin and cardiovascular risk factors in the children at
eight years of age
Associations between the umbilical cord blood concentrations of leptin and
adiponectin and the BMI values of the children in childhood (0-8 years) and the
cardiovascular risk factors at eight years of age are shown in tables 30 and 31.
Umbilical cord blood concentrations of adiponectin – BMI values of the children in
the childhood (0-8 years)
The BMI values of the children at birth increased by 0.01 kg/m2 for each 1 µg/l
increase in the umbilical cord blood concentrations of adiponectin. The BMI values
of the children after birth were not related to the umbilical cord blood
concentrations of adiponectin.
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Umbilical cord blood concentrations of adiponectin – cardiovascular risk factors in
the children at eight years of age
The umbilical cord blood concentrations of adiponectin were significantly
associated with the adiponectin concentrations in the children at eight years of
age.
Umbilical cord blood concentrations of leptin – BMI values of the children in
childhood (0-8 years)
Children with higher leptin concentrations in umbilical cord blood tended to have
higher BMI values at birth. BMI values at birth increased by 0.03 kg/m2 for each 1
ng/ml increase in umbilical cord blood concentrations of leptin.
Umbilical cord blood concentrations of leptin – cardiovascular risk factors in the
children at eight years of age
Higher umbilical cord blood concentration of leptin at birth were related to higher
adiponectin concentrations in children at eight years of age (ß=0.54). The umbilical
cord blood leptin concentrations were not related to the leptin concentrations in the
children at eight years of age.

3.3.4 Associations between children’s BMI values in childhood and the
cardiovascular risk factors in children at eight years of age
Associations between children’s BMI values in the childhood and cardiovascular
risk factors in the children at eight years of age are shown in table 32.
BMI values of the children in the childhood (0-6 years of age) - BMI values of the
children at eight years of age
BMI values of the children at birth were weakly associated with the BMI values at
eight years of age. The BMI values of the children at one year of age were strongly
related to the BMI values at the age of eight. An increase of the BMI value at the
age of one by 1 kg/m2 increased the BMI value at the age of eight by 0.30 kg/m2.
However, the strongest predictor of the BMI value at the age of eight was the BMI
value at six years of age.
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BMI values of the children in childhood (0-6 years of age) - fasting blood
concentrations of insulin in children at eight years of age
BMI values of the children at birth were not related to the fasting blood
concentrations of insulin in the children at prepubescent age. A higher BMI value
at one year of age was however significantly associated with a higher insulin
concentration in the child at eight years of age (ß=0.14, figure 10). BMI values of
the children at 2, 3, 4, 6 and 8 years of life were also related to fasting insulin
concentrations in the children at the age of eight. The strongest association was
identified between the BMI values of the children at six and eight years of life and
the blood concentration of insulin at the age of eight.
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Figure 10. Associations (ß coefficient) between the BMI values of the children at
birth, 1, 2, 3, 4, 6 and 8 years of age and the fasting insulin concentrations in the
children at the age of eight (n=448, UBCS)
(BMI, Body Mass Index; UBCS, Ulm Birth Cohort Study)

BMI values in childhood - fasting blood concentrations of adiponectin in the
children at eight years of age
Only higher BMI values of the children at birth were related to higher fasting
concentrations of adiponectin at eight years of age (ß =0.39).
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BMI values in childhood - fasting blood concentrations of ApoB in the children at
eight years of age
BMI values of the children in childhood (0-6 years) were not significantly
associated with the fasting blood concentrations of ApoB in the children at eight
years of age. The current BMI values of the children were weakly and positively
associated with the ApoB concentrations of the children at eight years of age.
BMI values in childhood - fasting blood concentrations of RBP4 in the children at
eight years of age
BMI values of the children at six and eight years of age were strongly associated
with the concentrations of RBP4 at eight years of age (ß=0.50). Earlier BMI values
(0-4 years) were not related to later RBP4 concentrations.
BMI values in childhood - fasting blood concentrations of leptin in the children at
eight years of age
As observed for fasting insulin concentrations in eight-year-old children, the leptin
concentrations were neither associated with the BMI values of the children at birth.
Higher BMI values from one year of age were related to higher leptin
concentrations in the children at the age of eight years (figure 11).

Figure 11. Associations (ß coefficient) between the BMI values of the children at
birth, 1, 2, 3, 4, 6 and 8 years of age and the fasting leptin concentrations in the
children at the age of eight (n=448, UBCS)
(BMI, Body Mass Index; UBCS, Ulm Birth Cohort Study)
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BMI in childhood - fasting blood glucose level at eight years of age
The fasting blood glucose level of a child at eight years of age was not associated
with the BMI of a child in childhood.

3.3.5 Associations between breastfeeding and the BMI values of the children
in childhood and the cardiovascular risk factors at eight years of age
a) Association between breastfeeding and breastfeeding duration and the
BMI of a child during childhood
Breastfeeding (yes/no) – BMI values of the children in childhood
In comparison to never breastfed children, breastfed children tended to have a
lower BMI at two years of age (-0.37 kg/m2) (table 33). BMI values at other points
of time during the childhood of the children were not different in breastfed and nonbreastfed children.
Duration of breastfeeding - BMI values of the children in childhood
A longer duration of breastfeeding was associated with lower BMI values in the
children at one and at eight years of age (table 34). In comparison to results
described earlier indicating that breastfed children compared to non-breastfed
children have a lower BMI at two years of age, BMI values at two years of age
were not related to the duration of breastfeeding. Similar to longer breastfeeding
duration, a longer duration of exclusive breastfeeding was associated with lower
BMI values of the children at one and eight years of age as well (table 35).

b) Associations between breastfeeding and breastfeeding duration and the
cardiovascular risk factors in the children at eight years of age
Breastfeeding (yes/no) - concentrations of cardiovascular risk factors in the
plasma of the eight-year-old children
In comparison to breastfed children, non breastfed children tended to have higher
fasting insulin concentrations at eight years of age (table 36). The concentrations
of glucose, adiponectin, ApoB, RBP4 and leptin in the fasting blood of the eightyear-old children showed no differences between breastfed and non-breastfed
children at eight years of age.
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Duration of breastfeeding and exclusive breast feeding – concentrations of
cardiovascular risk factors in the plasma of the eight years old children
The concentration of insulin in the plasma of the eight-year-old children was
weakly and negatively associated with the duration of breastfeeding (table 37).
The duration of exclusive breastfeeding was not associated with children’s fasting
blood level of insulin at eight years of age. Longer breastfeeding and exclusive
breastfeeding durations were related to lower leptin concentrations of the children
at eight years of age. The fasting blood concentrations of glucose, adiponectin,
ApoB and RBP4 at eight years of age were not related to the breastfeeding
duration.

3.3.6 Associations between maternal pre-pregnancy BMI values, BMI values
at the end of pregnancy and offsprings’ BMI values in the childhood and the
cardiovascular risk factors in the children at eight years of age
Maternal pre-pregnancy and pregnancy BMI values – offsprings' BMI values in
childhood
Higher pre-pregnancy BMI values of the mother were related to higher BMI values
of the children at birth, 1, 3, 4, 6 and 8 years of age (table 38). The strongest
association was observed between maternal pre-pregnancy BMI and offsprings’
BMI at eight years of age. As observed for maternal pre-pregnancy BMI values,
higher maternal BMI values at the end of pregnancy as well increased offsprings’
BMI values at birth (table 38). BMI values of the children in childhood were
significantly associated with maternal BMI values at the end of pregnancy. The
strongest association existed between maternal BMI values at the end of
pregnancy and offsprings’ BMI values at eight years of age.
Maternal pre-pregnancy and pregnancy BMI values - cardiovascular risk factors in
the fasting blood in the children at eight years
Higher BMI values of the mother before pregnancy were related to higher insulin
and leptin blood concentrations in eight-year-old children (table 39). Each increase
of maternal BMI values before pregnancy by 1 kg/m2 was lead to an increase in
offsprings’ fasting insulin concentrations of 0.06 mU/l at the age of eight.
Offsprings’ fasting blood concentrations of leptin at eight years of age increased by
0.21 ng/ml for each 1 kg/m2 rise in maternal BMI values before pregnancy. As
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observed for maternal pre-pregnancy BMI values, BMI values of the mother at the
end of pregnancy were significantly associated with children’s fasting insulin
concentrations at eight years of age (ß=0.05, table 38). Higher BMI values of the
mother at the end of pregnancy were significantly associated with higher blood
concentrations of adiponectin of the eight years old children.

3.3.7 Associations between gestational weight gain and offsprings’ BMI
values in childhood and the cardiovascular risk factors in the children at
eight years of age
Gestational weight gain – BMI values of the children in childhood
Only children's BMI values at birth were significantly associated with gestational
weight gain. An increase of the gestational weight gain by 1 kg/m2 increased BMI
values in the children at birth by 0.02 kg/m2 (table 40).
Gestational weight gain - cardiovascular risk factor concentrations in the fasting
blood of the eight-year-old children
The fasting insulin concentrations of the children at eight years of age were not
significantly associated to gestational weight gain (table 41). Similar trends were
observed between the concentrations of glucose, ApoB, RBP4, leptin and
gestational weight gain. A higher gestational weight gain was associated to higher
concentrations of adiponectin in the children at eight years of age.

50

Results

3.3.8 Associations between behavioural factors of the children, the mothers’,
the fathers’ and offsprings’ BMI in childhood and cardiovascular risk factor
concentrations in the fasting blood of the eight-year-old children

a) Associations between the umbilical cord blood concentrations of cotinine
and offsprings’ BMI values and cardiovascular risk factor concentrations in
the eight-year-old children
Umbilical cord blood concentrations of cotinine – BMI values of the children in
childhood
The concentrations of cotinine were measured in umbilical cord blood. The
concentration of cotinine in cord blood was used as a marker of nicotine exposure
of the offspring in utero. BMI values of the children at birth were not significantly
associated with the concentrations of cotinine in umbilical cord blood (table 42).
But an increase of the cotinine concentrations in cord blood was related to higher
BMI values of the children at three, four and eight years of age.
Umbilical cord blood concentrations of cotinine – cardiovascular risk factor
concentrations in the fasting blood of the eight-year-old children
Higher cotinine concentrations in the cord blood of the children were weakly
associated with leptin concentrations in the children at eight years of age (table
43). Further cardiovascular risk factor concentrations were not related to the
concentration of cotinine in the cord blood.

b) Associations between parental smoking (yes/no) and offsprings’ BMI
values in childhood and cardiovascular risk factor concentrations in the
eight-year-old children
Parental smoking during offsprings’ childhood- BMI values of the children at eight
years of age
The mean BMI values of the children in dependency of parental smoking
behaviour during the offsprings' childhood are presented in table 44. Mean BMI
values of the children at eight years of age showed no differences between
children whose mothers had smoked before pregnancy and children of nonsmoking mothers before pregnancy. Children whose fathers had smoked during
pregnancy of the partner had a higher BMI at eight years of age compared to
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children of fathers who had not smoked during pregnancy of the partner. Children
whose mothers had also smoked during pregnancy had a higher BMI at eight
years of age. If active smoking of the mother was reported at each follow-up of the
UBCS that was associated with higher BMI values of the children at eight years of
age compared to children of non-smoking mothers. Similar trends were observed if
the father reported active smoking at the individual follow ups. In figure 12 the ßcoefficient for BMI values of children of smoking and non-smoking parents are
compared. Reported active smoking of the father at 6 and 8 year follow-up of the
UBCS showed a greater regression coefficient compared to report active smoking
of the mother at these follow-ups.
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Figure 12. Differences in BMI values at eight years of age between children of non
smoking and active smoking mothers/father at the follow-ups of the UBCS (n=499)
(ß, beta-coefficient; UBCS, Ulm Birth Cohort Study)

Maternal smoking near the children during their childhood- cardiovascular risk
factor concentrations in the fasting blood of the eight-year-old children
Offspring's fasting blood concentrations of insulin, glucose, adiponectin, ApoB and
RBP4 at eight years of age does not show differences between children exposed
to maternal smoking during pregnancy and children of non-smoking women during
pregnancy (table 45). Only offsprings’ fasting blood concentration of leptin at eight
years of age was higher if the mother smoked during pregnancy. Children whose
mothers reported active smoking at the individual follow-ups of the UBCS tended
to have a higher fasting blood level of leptin at eight years of age.
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The concentrations of the cardiovascular risk factors in the blood of the eight-yearold children were not different between children whose mothers reported active
smoking and children whose mothers reported non-smoking at the individual
follow-ups of the UBCS.
Paternal smoking during the pregnancy of the partner- cardiovascular risk factor
concentrations in the fasting blood of the eight-year-old children
The concentrations of insulin, adiponectin, RBP4 and leptin were higher in the
eight years old children if the father reported active smoking during the pregnancy
of the partner compared to children of non-smoking fathers (table 45).
Paternal smoking near the child during their childhood- cardiovascular risk factor
concentrations in the fasting blood of the eight-year-old children
a) Insulin
Active smoking of the father around the offspring was associated with higher
insulin concentrations in the offsprings at eight years of age (table 45). The
strongest difference in the insulin concentrations between children of smoking and
non-smoking fathers was seen at the 8 year follow-up of the UBCS. The difference
in insulin concentrations between children whose fathers reported active smoking
at the 8 year follow-up and children whose fathers reported non-smoking
amounted 0.63 mU/l (figure 13).

b) Leptin
Children whose fathers reported active smoking in the environment of the offspring
during childhood had significantly higher leptin concentrations at eight years of age
compared to children of non-smoking fathers (table 45). As already observed for
the insulin concentrations of the prepubescent children, the highest leptin
concentrations in the children at eight years of age was observed for children of
active smoking and non smoking fathers at 8 year follow-up of the UBCS (figure
13).
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Figure 13. Comparison of mean insulin and leptin concentrations in children of
active smoking and non smoking fathers at the 8 year follow-up of the UBCS
(n=435) (SD, standard deviation; UBCS, Ulm Birth Cohort Study)
c) Adiponectin and RBP4
Active smoking of the father near the children in early childhood was associated
with higher concentrations of adiponectin and RPB4 in the plasma of the eightyear-old children (table 45).

c) Associations between selected behavioural factors of the children at eight
years of age and the cardiovascular risk factor concentrations in the fasting
blood of the eight-year-old children
Behavioural factors of the children–BMI values of the children at eight years of age
The BMI values of the children with a daily TV consumption of more than one hour
per weekday were higher compared to children with TV consumption of less than
one hour (table 46). The differences in BMI values between these two groups of
TV consumption amounts 0.76 kg/m2. A comparable difference between the BMI
values of the children was observed for spending more than one hour in front of
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TV at the weekend (ß=0.80 kg/m2). As already observed for higher TV
consumption, spending more than one hour per day in front of a PC was
associated with higher BMI values in the children at eight years of age compared
to children with a lower PC use.
Behavioural factors of the children – fasting blood concentrations of insulin of the
children at eight years of age
Children with a greater time of physical inactivity (more than one our in front of TV
or PC) have higher insulin concentrations at eight years of age compared to
children with a lower time of physical inactivity (table 47).
Behavioural factors of the children – fasting blood concentrations of leptin of the
children at eight years of age
As already observed for the insulin concentrations of the eight-year-old children,
the leptin concentrations were also higher if children spent more than one hour per
day (weekdays and at the weekend) in front of the television (table 48).
Behavioural factors of the children – fasting blood concentrations of glucose,
RBP4, ApoB and adiponectin of the children at eight years of age
The fasting blood concentrations of glucose, RBP4, ApoB and adiponectin of the
children at eight years of age were not affected by the selected behavioural factors
of the children (49-52).

e) Associations between selected behavioural factors of the mother and the
cardiovascular risk factor concentrations in the fasting blood of the eightyear-old children
Maternal behavioural factors – BMI values of the children at eight years of age
Children whose mothers did not have breakfast before work showed higher BMI
values at eight years of age compared to children of mothers who did have
breakfast before work (table 53). The difference of the BMI values of these two
groups amounted to 0.53 kg/m2.
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Behavioural factors of the mothers– fasting blood concentrations of cardiovascular
risk factors of the children at eight years of age
Children of mothers spending more than one hour per weekday in front of TV have
higher fasting insulin concentrations at eight years of age compared to children of
mothers with a lower daily TV consumption (table 54). A higher maternal daily use
of the computer in the free time was associated with a higher insulin concentration
in the children at eight years of age compared to children whose mothers reported
a lower daily computer use.
A reported high soft drink consumption of the mothers at work was associated with
a higher fasting insulin and leptin concentration in the children at eight years of
age compared to children of mothers with lower soft drink consumption at work.
As already observed for the insulin concentrations of the children, also children’s
fasting blood concentrations of leptin were higher if the mother spend more than
one hour per day in front of the TV (table 58).
The fasting blood glucose (table 55) and leptin concentrations (table 58) of the
children at eight years of age were higher in children whose mothers did not have
breakfast before work compared to children whose mothers did have breakfast.
Children of mothers with a low frequency of physical activity out of a sports club
(<1 times/week) have lower plasma concentrations of ApoB in comparison to
children whose mothers reported a higher physical activity out of a sports club
(table 56). The fasting plasma concentrations of RBP4 in the children at eight
years of age were higher in children whose mothers were physically active in a
sports club less than once a week compared to children whose mothers reported a
higher weekly rate of physical activity in a sports club (table 57).
Children’s fasting blood concentrations of adiponectin at eight years of age were
not affected by selected behavioural factors of the mother (table 59).
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f) Associations between selected behavioural factors of the father and the
cardiovascular risk factor concentrations in the fasting blood of the eightyear-old children
Paternal behavioural factors - BMI values of the children at eight years of age
Children whose fathers did not have breakfast before work showed higher BMI
values at eight years of age compared to children whose fathers did not have
breakfast before work (table 60). The mean BMI values vary by 0.53 kg/m2
between children of fathers who had breakfast and children whose fathers did not
have breakfast before work.
Behavioural factors of the fathers– fasting blood concentrations of cardiovascular
risk factors of the children at eight years of age
Children fasting blood concentrations of insulin (table 61), RBP4 (table 64) and
adiponectin (table 66) at eight years of age were not affected by selected
behavioural factors of the mother.
The mean concentrations of glucose in the children at eight years of age were
higher if the father was less than once a week physically active in a sports club
(table 62). The mean concentrations of ApoB and leptin in the children at eight
years of age were higher if the father was less than once a week physically active
outside a sports club (table 63 and 65). Children whose fathers did not have
breakfast before work have higher concentrations of leptin at eight years of age
compared to children whose fathers did not have breakfast before work. The
difference in the leptin concentrations in the children between the two groups
amounts 1.32 ng/ml (table 65).
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3.4 Multiple regression analysis
The previously defined multivariable basis model included the following variables:
maternal BMI values before pregnancy, duration of pregnancy, umbilical cord
blood concentration of cotinine, birth weight of the children, BMI values of the
children at one year of age, gender of the children and duration of breastfeeding.
The multivariable basis model was further adjusted for the following variables: 1.
current BMI values of the children at eight years of age, 2. maternal BMI values at
eight-year follow-up of the UBCS, 3. for maternal cardiovascular risk factor
concentrations in fasting blood, 4. for paternal cardiovascular risk factor
concentrations in fasting blood. For each dependent variable (fasting blood
concentration of insulin, glucose, adiponectin, leptin and RBP4 of a child at the
age of eight) the same multivariable basis model was used and the adjustment
was also the same. First, continuous variables were used to calculate the multiple
regression analysis, and then qualitative variables (categorised in quartiles) were
used for the multiple regression analysis.
Multiple prediction models of fasting blood concentrations of insulin in children at
eight years of age
The main findings of the multiple regression analysis with insulin as dependent
variable were:
•

within crude and further adjusted models maternal BMI value before
pregnancy was a significant predictor of fasting blood insulin concentration
in a child at eight years of age, whereas current maternal BMI value at
eight-year Follow-up was not a significant predictor

•

within

multiple

regression

models

only

maternal

fasting

insulin

concentrations compared to paternal fasting insulin concentrations were
significantly related to fasting blood concentrations in children at eight years
of age
•

the crude and further adjusted multiple models showed that compared to
boys, girls tended to have higher fasting insulin concentrations at the age of
eight

In the following paragraphs the results are described in detail.
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a) Multiple prediction models using continuous variables
The variables of the multivariable basis model accounted 7.4% of the variance of
the fasting concentrations of insulin in children at the age of eight. Within the nonadjusted model the continuous variables, e.g., maternal BMI values before
pregnancy, gender and BMI values of the children at the age of one, were
significantly associated with the fasting insulin concentrations in children at the
age of eight. These significant associations also persisted after adjustment (table
67).
A further adjustment of the multivariable basis model for current maternal BMI
values at eight-year follow-up showed that the variables of gender and children's
BMI values at the age of one persist as significant predictors, but current maternal
BMI values at eight-year follow-up of the UBCS were not significantly associated
with the fasting insulin concentrations in offspring at eight years of age (table 68).
A further adjustment of the multivariable basis model for current BMI values of the
children at eight years of age increased the coefficient of determination up to
0.106. The current BMI values of the children at eight years of age were
significantly associated with the current fasting insulin concentrations. The gender
variable also persisted significantly within this multiple model (Table 69).
The further adjustment of the multivariable basis model for maternal fasting insulin
concentrations at the eight-year follow-up of the UBCS showed an increase in the
coefficient of determination from 0.074 (basic model) up to 0.082 (table 70). The
associations between maternal BMI values before pregnancy and the fasting
insulin concentrations in offspring at eight years of age became stronger within this
further adjusted model compared to the association observed within the
multivariable basis model. However, maternal fasting insulin concentrations at
eight-year follow-up were not significantly associated with the fasting insulin
concentrations in offspring at the age of eight within this model. After further
adjustment of the multivariable basis model for maternal BMI values and maternal
fasting insulin concentrations at eight-year follow-up of the UBCS, the association
between maternal fasting insulin concentrations and the fasting insulin
concentrations in offspring became significant (table 71).
The further adjustment of the multivariable basis model for paternal fasting insulin
concentrations showed that the BMI values in offspring at the age of one, as well
as the gender of the children, were significantly related to the fasting insulin
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concentrations in children at the age of eight. Paternal insulin concentrations at
eight-year

follow-up

were

not

significantly

associated

with

the

insulin

concentrations in offspring at the age of eight (table 72).
b) Multiple prediction models using qualitative variables
The variables of the multivariable basis model accounted 8.7% of the variance of
the fasting insulin concentration in children at the age of eight. Maternal prepregnancy BMI values in the second and forth quartiles were significantly
associated with higher fasting insulin concentrations in offspring at the age of eight
compared to the reference group (maternal pre-pregnancy BMI in the first
quartile). Girls had higher fasting insulin concentrations compared to boys at the
age of eight. The BMI values of the children at one year of age in the highest
quartile were associated with higher fasting insulin concentrations at the age of
eight compared to children with BMI values in the lowest quartile (p=0.08).
Compared to children who were breastfed for more than nine months, children
with a shorter duration of breastfeeding (<3 months) had a higher fasting insulin
concentration at eight years of age (p=0.08) (table 73).
A further adjustment of the multivariable basis model for maternal BMI values at
eight-year follow-up of the UBCS does not improve the coefficient of
determination. Maternal BMI values at eight-year follow-up in the highest quartile
were associated with higher fasting insulin concentrations of offspring at eight
years of age compared to the children of mothers with current BMI values in the
lowest quartile (table 74). The associations between maternal BMI values and the
fasting insulin concentrations in offspring at eight years of age were stronger for
maternal pre-pregnancy BMI values than for current maternal BMI values at eightyear follow-up (table 73 and 74).
A further adjustment of the multivariable basis model for children's BMI values at
the age of eight increased the coefficient of determination up to 0.152. Children
with a current BMI value in the highest quartile have a higher fasting insulin
concentration of 1.35 mU/l at the age of eight compared to children with a BMI
value in the lowest quartile. Within this multiple regression model the maternal prepregnancy BMI values in the highest quartile were also significantly associated
with higher fasting insulin concentrations in offspring at the age of eight (ß=0.47
mU/l) (table 75).
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The further adjustment of the multivariable basis model for maternal fasting insulin
concentrations at eight-year follow-up of the UBCS accounted 9.4% of the
variance of the fasting insulin concentrations in children at the age of eight.
Maternal fasting insulin concentrations in the fourth quartile were significantly
associated with higher fasting insulin concentrations in offspring at the age of eight
compared to the reference group (ß=0.47 mU/l, p=0.06). Additionally, higher
maternal pre-pregnancy BMI values before pregnancy were associated with higher
fasting insulin concentrations in offspring at the age of eight (p=0.07) (table 76).
In contrast to these findings, the further adjustment of the multivariable basis
model for paternal fasting insulin concentrations does not improve the multiple
model. The association between higher maternal pre-pregnancy BMI values
(fourth quartile) and higher fasting insulin concentrations in offspring remained
significant within this model (table 77).
Multiple prediction models of fasting blood concentration of glucose in children at
eight years of age
The main findings of the multiple regression analysis with glucose as dependent
variable were:
•

the adjusted multiple model showed that compared to boys, girls tended to
have lower fasting glucose concentrations at the age of eight

•

each of the calculated regression model multiple accounted only a very low
percentage of the variance of the dependent variable glucose (maximum
5.9%)

In the following paragraphs the results are described in detail.
a) Multiple prediction models using continuous variables
The variables included in the multivariable basis model accounted only 3.1% of the
variance of fasting blood glucose concentration in children at the age of eight.
Within the crude model, the BMI values of the children at one year of age were
significantly associated with the fasting blood glucose concentration at the age of
eight. Within the adjusted multivariable basis model, the differences among gender
became significant. Compared to boys, girls tended to have lower fasting blood
glucose concentrations at the age of eight (-2.28 mg/dl, p<0.05) (table 78).
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No increase in coefficient of determination was see, if the basic model was further
adjusted for maternal BMI values at eight-year follow-up (table 79), or current BMI
values of the children at the age of eight (table 80), or maternal fasting blood
glucose concentrations (table 81).
The further adjustment of the multivariable basis model for paternal fasting blood
glucose concentrations improved the coefficient of determination up to 0.052. The
higher fasting blood glucose concentrations of the father were significantly related
to the higher fasting blood glucose concentrations in offspring at eight years of
age. However, the gender difference for the fasting blood glucose concentrations
in offspring became non-significant within this multiple model (table 82).
b) Multiple prediction models using qualitative variables
Within the multivariable basis model none of the included variables was
significantly associated with the fasting blood concentrations of glucose of a child
at the age of eight. Within the adjusted multivariable basis model, the tendency
was that a longer duration of pregnancy (fourth quartile) was associated with
higher fasting blood glucose concentrations in children at the age of eight
compared to children of mothers who had had a shorter duration of pregnancy
(first quartile) (p=0.06). The adjusted multivariable basis model accounted only
4.5% of the variance of the fasting blood glucose concentrations in children at the
age of eight (table 83).
The further adjustment of the multivariable basis model for maternal BMI values at
eight-year follow-up or for current BMI values of the children at the age of eight
(table 85) does not improve the coefficient of determination (table 84). There was
no improvement in the coefficient of determination where further adjustment was
made to the multivariable basis model for maternal fasting blood glucose
concentrations (table 86) or for paternal fasting blood glucose concentrations
(table 87).
Multiple prediction models of the fasting blood concentrations of adiponectin in
children at eight years of age
The main finding of the multiple regression analysis with adiponectin as dependent
variable was: the multiple regression model further adjusted for the maternal
adiponectin concentration explained a higher percentage of the variance of the
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adiponectin concentrations in offspring than the multiple model further adjusted for
paternal adiponectin concentrations
In the following paragraphs the results are described in detail.
a) Multiple prediction models using continuous variables
The variables of the multivariable basis model that were included only accounted
3.3% of the variance of fasting adiponectin concentrations in a child at the age of
eight. None of the variables included were significantly associated with the fasting
adiponectin concentrations in children at the age of eight (table 88). Neither
maternal BMI values before pregnancy nor current maternal BMI values at eightyear follow-up of the UBCS were significantly related to the fasting adiponectin
concentrations in offspring at the age of eight within the multiple regression model
(table 89).
The coefficient of determination did not improve when the current BMI values of
the children at the age of eight were included in the multiple model (table 90).
A further adjustment of the multivariable basis model for maternal adiponectin
concentrations increased the coefficient of determination up to 0.138. Within this
further adjusted model only maternal fasting adiponectin concentrations were
significantly associated with the fasting adiponectin concentrations of offspring at
the age of eight (table 91).
A further adjustment of the multivariable basis model for paternal adiponectin
concentrations increased the coefficient of determination up to 0.165. Paternal
adiponectin concentrations at eight-year follow-up were more strongly associated
with the adiponectin concentrations in offspring than the maternal adiponectin
concentration (table 92).
b) Multiple prediction model using qualitative variables
The variables included in the multivariable basis model accounted 7% of the
variance of the fasting adiponectin concentration in children at the age of eight.
Within the crude model there was a significant gender difference in the fasting
adiponectin concentration at the age of eight. Within the adjusted model a birth
weight greater than 3000 g was related to higher adiponectin concentrations at the
age of eight compared to children with a birth weight of lower than 3000 g.
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Compared to boys, females have higher adiponectin concentrations at the age of
eight (table 93).
The further adjustment of the multivariable basis model for current maternal BMI
values at eight-year follow-up (table 94), or the current BMI values of the children
at eight years of age (table 95) do not improve the coefficient of determination.
A further adjustment of the multivariable basis model for the concentration of
maternal adiponectin improved the coefficient of determination up to 0.161.
Maternal adiponectin concentrations in the third and fourth quartile were
significantly associated with higher adiponectin concentrations in offspring at the
age of eight compared to the reference category (maternal adiponectin
concentration in the first quartile). A higher birth weight (in the third and fourth
quartiles) and also the gender of the child remain significant within this multiple
model (table 96).
Compared to the children of fathers with adiponectin concentrations in the lowest
quartile, the children of fathers with adiponectin concentrations in the highest
quartile have fasting adiponectin concentrations that are 1.66 µg/ml higher at the
age of eight (table 97).
Multiple prediction models of fasting blood concentrations of Apolipoprotein B in
children at eight years of age
The main findings of the multiple regression analysis with adiponectin as
dependent variable were:
•

the multiple model further adjusted for the maternal ApoB concentration
explained a higher percentage of the variance of the ApoB concentrations
in offspring than the multiple model further adjusted for paternal ApoB
concentrations

•

the crude and further adjusted multiple models showed that compared to
boys, girls tended to have higher ApoB concentrations at the age of eight

In the following paragraphs the results are described in detail.
a) Multiple prediction model using continuous variables
Within the multivariable basis model maternal pre-pregnancy BMI values,
children's birth weight and gender were significantly associated with the fasting
ApoB concentration in a child at the age of eight. The basic model accounted only
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4.2% of the variance of the fasting ApoB concentration in a child of prepubescent
age (table 98).
The further adjustment of the multivariable basis model for current maternal BMI
values at eight-year follow-up did not improve the coefficient of determination. The
gender difference in fasting ApoB concentrations remained significant (table 99).
The further adjustment of the multivariable basis model for the current BMI values
of children at the age of eight increased the difference in mean fasting ApoB
concentration between boys and girls (ß=0.035 versus ß=0.040). This multiple
model accounted only 5.5% of the fasting ApoB concentration in children at the
age of eight (table 100).
After further adjustment of the multivariable basis model for maternal ApoB
concentrations at eight-year follow-up, the coefficient of determination increased
up to 0.179. Maternal fasting ApoB concentrations were strongly associated with
the fasting ApoB concentration of offspring at the age of eight (ß=0.23). This
significant association also persisted after adjustment for the maternal BMI value
at eight-year follow-up of the UBCS (ß=0.228) (table 101).
The multivariable basis model adjusted for paternal fasting ApoB concentrations
accounted 11.6% of the variance of the fasting ApoB concentrations in children at
the age of eight (table 102). Paternal fasting ApoB concentrations were more
weakly associated with the fasting ApoB concentrations in offspring than the
maternal ApoB concentrations (ß=0.230 versus ß=0.161).
b) Multiple prediction model using qualitative variables
The variables included in the multivariable basis regression model accounted
5.6% of the variance of the fasting ApoB concentration in children at the age of
eight. A significant gender specific effect was observable. Compared to boys, girls
tended to have higher ApoB concentrations at the age of eight (ß=0.03, p<0.05).
Greater maternal pre-pregnancy BMI values were significantly associated with
higher ApoB concentrations in offspring at the age of eight (crude model; p<0.05).
These associations became weaker within the adjusted model (p<0.10) (table
103).
The further adjustment of the multivariable basis model for maternal BMI values at
eight-year follow-up increased the coefficient of determination up to 0.065. Current
maternal BMI values in the highest quartile were associated with higher ApoB
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concentrations in offspring at the age of eight years compared to the children of
mothers with a BMI value in the lowest quartile (ß=0.04, p<0.05) (table 104).
If the multivariable basis model was further adjusted for the current BMI values of
the children at the age of eight, the coefficient of determination reached a level of
R2=0.062. Children with a current BMI value in the highest quartile have higher
ApoB concentrations at the age of eight compared to children with a BMI value in
the lowest quartile (table 105).
The further adjusted multivariable basis model for maternal fasting ApoB
concentration increased the coefficient of determination up to 0.125. The strongest
and most significant association within this model existed between maternal ApoB
concentrations at eight-year follow-up in the highest quartile and offspring ApoB
concentration (ß=0.09) (table 106).
Like maternal ApoB concentrations, paternal ApoB concentrations were also
significantly associated with the ApoB concentrations in offspring. The
multivariable

basis

model

further

adjusted

for

current

paternal

ApoB

concentrations at eight-year follow-up accounted only 7.7% of the variance of the
ApoB concentration in offspring (table 107).
Multiple prediction models of fasting blood concentrations of Retinol-BindingProtein 4 in children at eight years of age
The main finding of the multiple regression analysis with RBP4 as dependent
variable was:
•

the basic model further adjusted for paternal RBP4 concentration
accounted a smaller variance of the RBP4 concentrations in children at the
age of eight, compared to the basic model further adjusted for maternal
RBP4 concentrations

In the following paragraphs the results are described in detail.
a) Multiple prediction models using continuous variables
The variables of multivariable basis model included accounted only 4.4% of the
variance of the fasting RBP4 concentrations in children at eight years of age. A
longer duration of pregnancy was significantly associated with lower RBP4
concentrations in children at the age of eight (crude model). Within the crude
model the birth weight of a child was significantly associated with the RBP4
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concentrations at prepubescent age. No gender specific difference in mean fasting
RBP4 concentrations at eight years of age was observed. Within the adjusted
multivariable basis model only the BMI values at one year of age and the duration
of pregnancy were significantly related to later RBP4 concentrations in children
(table 108).
A further adjustment of the multivariable basis model for current BMI values of the
mothers at eight-year follow-up of the UBCS improved the coefficient of
determination up to 0.053. A longer duration of pregnancy and the greater BMI
values of the children at one year of age were significantly related to the fasting
RBP4 concentrations in the children at the age of eight (table 109).
The further adjustment of the multivariable basis model for the BMI values of the
children at eight years of age improved the coefficient of determination up to
0.073. Only the continuous variable current BMI values of the children at the age
of eight remained significant within this model (table 110).
A further adjustment of the multivariable basis model for maternal RBP4
concentrations increased the coefficient of determination up to 0.097. Within this
multiple model, the BMI values of the children at one year of age and the maternal
RBP4 concentrations were positively related to the RBP4 concentrations in
offspring at prepubescent age (p<0.05) (table 111). Compared to these findings, a
smaller variance of the RBP4 concentrations in children at eight years of age could
be accounted by the basic model adjusted for paternal BMI values and RBP4
concentrations at eight-year follow-up (R2=0.085) (table 112).
b) Multiple prediction model using qualitative variables
Within the crude multivariable basis model only an umbilical cord blood cotinine
concentration in the third quartile was significantly related to higher fasting RBP4
concentrations in children at eight years of age compared to the reference group
(crude and adjusted model). The multivariable basis model accounted only 4.4%
of the variance of fasting RBP4 concentrations in children at eight years of age
(table 113).
The further adjustment of the multivariable basis model for maternal BMI values at
eight-year follow-up did not improve the coefficient of determination (R2=0.046)
(table 114). The further adjustment of the multivariable basis model for the current
BMI values of the children at eight-year follow-up increased the coefficient of
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determination up to 0.08. Greater BMI values of the children at eight years of age
were significantly associated with higher RBP4 concentrations. Compared to
children with BMI values in the lowest quartile, children with a BMI value in the
highest quartile have a higher fasting RBP4 concentration of 2.64 g/l at eight years
of age (table 115). Additionally, maternal RBP4 concentrations at eight-year
follow-up were significantly related to the RBP4 concentrations in offspring. The
multivariable basis model further adjusted for maternal RBP4 concentrations
accounted 8.6% of the variance of RBP4 concentrations in children at eight years
of age (table 116).
The multivariable basis model adjusted for paternal RBP4 concentrations showed
that paternal RBP4 concentrations were not significantly related to the RBP4
concentration in offspring at the age of eight. This multiple model accounted only
4.9% of the variance of fasting RBP4 concentrations in children at the age of eight
(table 117).
Multiple prediction models of fasting blood concentrations of leptin in children at
eight years of age
The main findings of the multiple regression analysis with leptin as dependent
variable were:
•

the multiple regression analysis showed, that the current BMI value of a
child at eight years of age is a strong predictor of the current fasting blood
concentration of leptin

•

the crude and further adjusted multivariable basis models showed that
compared to boys, girls tended to have higher leptin concentrations at the
age of eight

In the following paragraphs the results are described in detail.
a) Multiple prediction models using continuous variables
The variables of maternal pre-pregnancy BMI values, umbilical cord blood
concentrations of cotinine, BMI values of the children at one year of age and the
duration of breast feeding were significantly associated with the fasting blood
concentrations of leptin in children at the age of eight in the crude multivariable
basis model. These associations remained significant within the adjusted
multivariable basis model (table 118).
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The coefficient of determination decreased if the multivariable basis model was
further adjusted for current maternal BMI values at eight-year follow-up of the
UBCS. Current maternal BMI values were not significantly related to leptin
concentration in offspring at the age of eight (table 119).
The further adjustment of the multivariable basis model for the current BMI values
of the children at the age of eight increased the coefficient of determination up to
0.567. The current BMI values of the children were strongly associated with the
leptin concentrations at the age of eight (ß=2.32, p<0.0001). Compared to boys,
females have higher leptin concentrations at the age of eight (ß=3.125, p<0.0001).
A longer duration of breastfeeding was significantly associated with lower
concentrations of leptin in children at the age of eight within this multiple model
(table 120).
The multivariable basis model further adjusted for maternal leptin concentrations
at eight-year follow-up of the UBCS showed no significant associations between
maternal and offspring leptin concentrations. Within this model, the BMI values of
the children at the age of one, the gender and the duration of breast feeding
remained significant (table 121).
Compared to the maternal leptin concentrations, the paternal leptin concentrations
were significantly and positively associated with the leptin concentration in
offspring at the age of eight. This further adjusted multivariable basis model
accounted 19.6% of the variance in the fasting leptin concentrations in children at
the age of eight (table 122).
b) Multiple prediction models using qualitative variables
Within the crude multivariable basis regression model maternal pre-pregnancy
BMI values in the second and fourth quartile were significantly related to higher
leptin concentrations in offspring at the age of eight compared to the reference
group (crude and adjusted). Higher umbilical cord blood concentrations of cotinine
were significantly associated with higher leptin concentrations in offspring at the
age of eight (crude model). The greater BMI values of the children at one year of
age (third and fourth quartiles) were significantly related to higher leptin
concentrations in children at the age of eight compared to children with BMI values
at the age of one in the lowest quartile. A lower duration of breast feeding (<6
months) was significantly associated with higher leptin concentrations in offspring
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at the age of eight compared to children who were breastfed for more than nine
months. Within the adjusted multivariable basis model, the maternal prepregnancy BMI values, the BMI values of the children at one year of age, a breast
feeding duration of less than 3 months and the gender specific effect remained
significant. This multiple model accounted 14.7% of the variance in the fasting
leptin concentrations in children at the age of eight (table 123).
A further adjustment of the multivariable basis regression model for current
maternal BMI values at eight-year follow-up decreased the coefficient of
determination of the model. The association between the greater BMI values of the
children at one year of age (third and fourth quartiles), shorter duration of
breastfeeding duration (<3 months) and the fasting leptin concentration in a child
at the age of eight remained significant (table 124).
The further adjustment of the multivariable basis regression model for the current
BMI values of the children at the age of eight increased the coefficient of
determination up to 0.418. Within this further adjusted model the gender specific
effect remained significant. Also, a breastfeeding duration of less than three
months was significantly related to a higher concentration of leptin in children at
the age of eight compared to children who were breastfed for more than nine
months. Children with a current BMI value at the age of eight in the highest
quartile have a higher fasting leptin concentration of 9.35 ng/ml compared to
children with a BMI value in the lowest quartile (table 125).
The further adjustment of the multivariable basis regression model for maternal
fasting blood concentrations of leptin at eight-year follow-up did not improve the
coefficient of determination (table 126).
The further adjustment of the basic model for paternal leptin concentrations did not
improve the coefficient of determination. Within this multiple model greater
maternal pre-pregnancy BMI values (second and fourth quartiles) and the greater
BMI values of the children at one year of age (third and fourth quartiles) were
significantly associated with higher leptin concentrations in children at the age of
eight compared to the reference categories. The gender specific effect also
remained significant within this multiple model (table 127).
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3.5 Associations between maternal BMI values and children’s fasting blood
concentrations of insulin at eight years of age
3.5.1 Comparison between the weight status of the mothers before
pregnancy and eight years after delivery
The percentage of underweight, normal-weight, overweight and obese women
before pregnancy and at the 8 year follow-up of the UBCS is shown in figure 14.
A high percentage of the women were of normal weight before pregnancy (71.1%).
Round one-quarter of women were categorized as overweight according to their
BMI values. Approximately 5% of the women were obese (> 30 kg/m2, defined
according to WHO) before pregnancy. A comparison of the percentage of
overweight (BMI values greater than 25 kg/m2) women before pregnancy and eight
years after delivery shows an increase in the prevalence of 10.3% (figure 14). A
detailed examination shows a stronger increase in obesity (BMI values greater
than 30 kg/m2) prevalence than in overweight prevalence (BMI values between 25
and 29.9 kg/m2).

Figure 14. Comparison of weight status of the mothers before pregnancy and in
the 8 year follow-up of the UBCS (n=497)
(UBCS, Ulm Birth Cohort Study)
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3.5.2 Children’s fasting blood concentrations of insulin at eight years of age
dependent on maternal BMI values before pregnancy, at the end of
pregnancy and at 8 year follow-up of the UBCS
a) Children’s fasting blood concentrations of insulin at eight years of age
depending on maternal weight status before pregnancy
Maternal weight status before pregnancy (categorized according to WHO)
In figure 15 the mean fasting plasma concentrations of insulin of the children at
eight years of age dependent on maternal weight status before pregnancy
(categorized according to WHO) is presented. The lowest fasting insulin
concentrations were observed for children of underweight mothers before
pregnancy. The highest fasting blood concentrations of insulin of the eight-year-old
children were seen if the mother was obese before pregnancy. The mean fasting
insulin concentrations of children in the age of 8 years differs by an amount of 1.5
mU/l between children of underweight and obese mothers before pregnancy.
Children whose mothers had been obese before pregnancy have a 32% higher
mean fasting insulin concentration at eight years of age compared to children of
mothers of normal weight before pregnancy. The prevalence of underweight and
obesity in women before pregnancy was small (4.26% and 5.43%). The mean
fasting insulin concentration of a child at the age of eight years differed only
slightly between children of normal-weight and overweight mothers before
pregnancy (difference of 0.2 mU/l).

Figure 15. Mean fasting insulin concentrations in the children at eight years of
age, depending on the weight status of the mother before pregnancy (n=448,
UBCS)

(BMI, Body Mass Index; SD, standard deviation; UBCS, Ulm Birth Cohort Study; WHO, World

Health Organization)
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Children’s fasting blood concentrations of insulin at eight years of age depending
on maternal BMI before pregnancy (categorized in septiles)
To test the hypothesis that a higher BMI value of the mother before pregnancy is
associated with higher fasting insulin concentrations in the children at the age of
eight years, the author has chosen to divide the pre-pregnancy BMI values of the
mother in septiles. The mean fasting insulin concentrations of children at the age
of eight years differs significantly in dependence of the mothers’ BMI values before
pregnancy (figure 16). A comparison of the mean fasting insulin concentrations of
the children at the age of eight years shows that children of mothers with prepregnancy BMI values between 15.2 and 19.5 kg/m2 have the lowest
concentrations. The highest fasting insulin concentrations have children of
mothers with pre-pregnancy BMI values greater than 26.7 kg/m2. Children of
mothers with BMI values greater than 26 (highest BMI category) showed by 42%
higher fasting insulin concentrations at the age of eight years compared with
children whose mothers had showed BMI values below 19.5 kg/m2 (lowest BMI
category).

Figure 16. Mean fasting insulin concentrations in the children at eight years of
age, depending on the BMI values of the mother before pregnancy (categorized in
septiles) (n= 455, UBCS)
(BMI, Body Mass Index; SD, standard deviation; UBCS, Ulm Birth Cohort Study)
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b) Children’s fasting blood concentrations of insulin at eight years of age
depending on maternal BMI values at the end of pregnancy
As the maternal pre-pregnancy BMI values, also the BMI values at the end of
pregnancy were significantly associated with fasting insulin concentration of the
children at eight years of age (figure 17). The lowest fasting insulin concentrations
were observed for children of mothers with BMI values at the end of pregnancy of
between 24.5 and 26.1 kg/m2 (second septile). The highest fasting insulin
concentrations were observed for children of mothers with BMI values of the third
and seventh septile. As compared to the observed association between the
mothers’ pre-pregnancy BMI values and fasting insulin concentrations of the eight
years old children, there is no consistent correlation between the BMI values at the
end of gestation and the fasting insulin concentration of children at eight years of
age.

Figure 17. Children's fasting blood concentrations of insulin depending on
maternal BMI values at the end of pregnancy (categorized in septiles) (n=455
UBCS) (BMI, Body Mass Index; SD, standard deviation; UBCS, Ulm Birth Cohort Study)
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c) Children’s fasting blood concentrations of insulin at eight years of age
depending on maternal BMI values at 8 year follow-up of the UBCS
Children’s fasting blood concentrations of insulin at eight years of age depending
on maternal BMI at 8 year follow-up of the UBCS (categorized according to WHO)
The lowest insulin concentrations were observed in children of underweight
mothers at the 8 year follow-up of the UBCS (figure 18). Children of obese
mothers at the 8 year follow-up of the UBCS have the highest fasting insulin
concentrations at eight years of age. A comparison of the mean fasting insulin
concentrations of children of normal-weight and overweight mothers at the 8 year
follow-up of the UBCS showed only a slight difference amounting to 0.1 mU/l.
Compared to children of normal-weight mothers at the 8 year follow-up of the
UBCS, children of obese mothers had 19% higher fasting insulin concentrations at
eight years of age.

Figure 18. Children's fasting blood concentrations of insulin at eight years of age
depending on maternal weight status (categorized according to WHO) at 8 year
follow-up of the UBCS (n=428) (BMI, Body Mass Index; SD, standard deviation; UBCS, Ulm
Birth Cohort Study; WHO, World Health Organization)
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Children’s fasting blood concentrations of insulin at eight years of age depending
on maternal BMI values at 8 year follow-up of the UBCS (categorized in septiles)
The highest average fasting insulin concentration was observed in children whose
mothers’ current BMI values at 8 year follow-up of the UBCS were between 24.6
and 26 kg/m2 and greater than 28.9 kg/m2 (figure 19). The lowest fasting insulin
concentration was observed in children whose mother’s current BMI values at 8
year follow-up of the UBCS were between 20.6 and 21.8 kg/m2. The fasting insulin
concentrations of children in the age of eight years did not differ significantly
between the BMI categories of mothers.

Figure 19. Children's fasting blood concentrations of insulin depending on
maternal BMI values (categorized in septiles)at 8 year follow-up of the UBCS
(n=455) (BMI, Body Mass Index; SD, standard deviation; UBCS, Ulm Birth Cohort Study)
There were two different approaches used to categorize the BMI of the mother
before and at the end of pregnancy and in the 8 year follow-up: assessment of
BMI values using the WHO criteria and the categorization of the maternal BMI
values in seven equal-sized groups (septiles). Children whose mothers had been
obese before pregnancy had, at the age of eight years, higher fasting insulin
concentrations than children whose mothers had been normal-weight before
pregnancy. The categorization of the maternal pre-pregnancy BMI values in
septiles showed more clearly that higher pre-pregnancy BMI values of the mother
are associated with higher fasting insulin concentrations of the eight-year-old child
than did the classification of BMI according to WHO guidelines.
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3.6 BMI trajectory of the children depending on the fasting blood
concentrations of insulin at eight years of age
Figure 11 presents the BMI trajectory of the children depending on the fasting
blood concentrations of insulin at eight years of age. Internally calculated
percentiles were used to define “normal” (<85th internally calculated percentile)
and “elevated” (≥85th internally calculated percentile) fasting blood concentrations
of insulin of the children at eight years of age. The BMI values do not differ
between children with normal insulin concentrations and children with elevated
insulin concentrations at the time of birth (figure 20). The mean BMI values of the
children in the age of one year are significantly different between the two groups
(normal and elevated insulin concentrations). Children with higher fasting insulin
concentrations have an average BMI of 17kg/m2. In comparison, children with
normal fasting insulin concentrations have an average BMI amounting to 16.5
kg/m2. With the exception of the mean BMI value at the age of 2 years, children
with an elevated fasting insulin concentration had a higher average BMI value at
any time in the childhood after having completed the first year.

Figure 20. BMI trajectory of the children from birth as a function of fasting insulin
concentration at the age of eight years (n=428, UBCS)
(BMI, Body Mass Index; UBCS, Ulm Birth Cohort Study)
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The most striking difference for the mean BMI values between the two groups of
children can be identified at eight years of age. There is a strong increase in
average BMI values of the children between six and eight years. The increase in
average BMI values is stronger for children with elevated fasting insulin
concentrations at eight years of age.
In summary, it was shown that children with elevated fasting insulin concentrations
at eight years of age show a different BMI trajectory since the age of one year
compared to children with normal fasting insulin concentrations at eight years of
age.
BMI trajectory of formerly breastfed children depending on the fasting blood
concentration of insulin at eight years of age
Under item 3.3.6 (page 45) it was described that non- breastfed children had
higher fasting insulin concentrations at eight years of age in comparison to
previously breastfed children. Non-breastfed children were excluded for further
statistical analysis. BMI trajectory of previously breastfed children depending on
children’s fasting blood concentrations of insulin at eight years of age was
calculated. As has been observed in previous statistical analysis, in which formerly
breastfed and formula-fed children were included, it was also shown that the mean
BMI value of children at birth do not differ between the two groups of children with
normal and elevated insulin concentrations at the age of eight years (figure 21).
Previously breastfed children with elevated fasting blood concentrations of insulin
at eight years of age have higher average BMI values at 1, 3, 4, 6 and 8 years of
age compared to children with normal insulin concentrations. Formerly breastfed
children have a different BMI course since one year of age, if they have elevated
fasting insulin concentrations at eight years of age.
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Figure 21. BMI trajectory of previously breastfed children depending on fasting
blood concentrations of insulin at eight years of age (n=417, UBCS)
(BMI, Body Mass Index; UBCS, Ulm Birth Cohort Study)
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4. Discussion
4.1 Comparison of the observed intrafamilial associations of cardiovascular
risk factors in the UBCS with findings of previous studies
Intrafamilial associations of cardiovascular risk factors in the fasting blood
In the 8-year follow-up of the UBCS fasting blood samples of the participants were
taken. Six cardiovascular risk factors were measured in the fasting blood samples.
The most important finding was that only maternal and offspring’s fasting blood
concentrations of insulin were positively and significantly associated. Within the
multiple regression analysis, maternal fasting blood concentration of insulin could
be confirmed as a significant predictor of the insulin concentration in a child at the
age of eight. Offsprings fasting blood concentrations ApoB were stronger related
to maternal than to paternal concentrations, respectively. Within the multiple
regression analysis, it could be confirmed that the maternal ApoB concentrations
are a stronger predictor of the ApoB concentrations in offspring compared to the
paternal ApoB concentrations in the eight-year follow-up of the UBCS. Stronger
intrafamilial associations were observed for the fasting blood concentrations of
leptin between fathers and children than between mothers and children. Within the
multiple regression analysis only the paternal leptin concentration was a significant
predictor of the leptin concentration in offspring at the age of eight. Both maternal
and paternal fasting blood concentrations of RBP4 were comparable predictors of
the RBP4 concentration in offspring at the age of eight (binary and multiple
regression analysis).
In the literature I have found only two studies investigating the intrafamilial
associations for parameters of the metabolic syndrome. The Tehran Lipid and
Glucose study (TLGS) is a family study comparable to the UBCS. Data of n=1.274
fathers, n=1.576 mothers and n=1.708 children (10 - 19 years of age) were used
to determine intrafamilial associations of the metabolic syndrome. The statistical
analyses included n=802 mother-daughter, n= 742 mother-son, n= 630 fatherdaughter, n= 628 father-son and n=1.089 spouse pairs. Anthropometric
parameters (BMI, waist circumference) and clinical parameters (blood pressure,
fasting blood concentrations of glucose, triglyceride, cholesterol, HDL-c, LDLcholesterol (LDL-c)) of the parents and the children were examined. The metabolic
risk factors (except of fasting blood concentrations of glucose) were more
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significantly correlated between mothers and daughters than between fathers and
daughters. The highest correlations for fasting blood glucose concentrations were
observed between fathers and daughters. Maternal fasting blood concentrations of
glucose were only positively correlated to their sons’ fasting blood concentrations
of glucose. All analysed metabolic risk factors (except HDL-c) were correlated
between spouses [3]. A number of n=132 Korean nuclear families were examined
concerning selected parameters of the metabolic syndrome (BMI, waist
circumference, blood pressure, fasting blood concentrations of

glucose,

triglyceride, HDL-c and insulin). The mean age of the children was 13.3 years. For
the fasting blood glucose concentrations the highest correlations within a family
were observed between mothers and daughters. Paternal and sons/ daughters
concentrations of glucose showed a weaker correlation. The concentrations of
insulin were more strongly correlated between fathers and daughters than
between mothers and daughters. Lower correlations were identified between the
insulin concentrations of fathers and sons and of mothers and sons. The
concentrations of insulin were highly correlated between spouses [107]. To my
knowledge no family study measured the fasting blood concentrations of RBP4,
ApoB and adiponectin and published any intrafamilial correlations on these
parameters. ApoB is the apolipoprotein of the low density lipoprotein (LDL). The
concentrations of LDL-c were measured in the blood samples of the participant of
the family study TLGS. In the TLGS, stronger associations between maternal and
offsprings' concentrations of LDL-c than between paternal and offsprings' LDL-c
concentrations were observed [3]. I also observed stronger intrafamilial
associations of the ApoB concentrations between mothers and the offsprings than
between fathers and offsprings.
Comparing the published intrafamilial associations of metabolic risk factors in the
literature with the results of the UBCS is difficult. Only few family studies focussed
on the intrafamilial associations of cardiovascular factors in blood and of
anthropometric

parameters.

Additionally,

these

studies

have

chosen

anthropometric and clinical parameters like the BMI, fasting blood concentrations
of triglyceride, LDL-c, HDL-c and blood pressure as outcome measures. These
parameters were used to define the metabolic syndrome in adults. Within the
UBCS some new and maybe more specific parameters for the cardiovascular risk
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like ApoB and RBP4 were measured in the blood samples of the participants.
Compared to the study participants of the UBCS, the participants of the TLGS and
of the Korean family study were non European, the children were in pubescent
age and the TLGS used parent-offspring pairs and not trios for statistical analysis
of intrafamilial associations.
As in the UBCS, in the Korean family study stronger intrafamilial correlations of
cardiovascular and metabolic risk factors were observed between mothers and
offsprings. A comparison with current literature showed that none of the
previously published family studies examined intrafamilial correlations for
cardiovascular risk factors like the UBCS observed that in an intrafamilial
context only the maternal fasting insulin concentrations are significantly
associated with the fasting insulin concentrations of the eight-year-old children.

Intrafamilial associations of the BMI values
In the 8-year follow-up of the UBCS stronger intrafamilial associations between
paternal and offsprings' BMI values than between maternal and offsprings' BMI
values were identified.
The Fleurbaix-Laventie Ville Santé Study (FLVS) is a family study. Data on weight
and height of the child at birth, at 9 months, at 24 months, at 8 years and at 16
years of age were collected. Data on parental BMI values at baseline examination
and at offsprings’ age of 16 years were collected. Intrafamilial relationships of
anthropometric parameters were analyzed. Complete data sets of n=124 families
were used for statistical analysis. Maternal weight at baseline examination was
highly correlated with child’s birth weight. A weak correlation existed between
paternal BMI values at baseline examination and children's BMI at birth. The
relationship between maternal BMI values and children's BMI values decreased
with increasing age of the children. The correlation between paternal and
offsprings' BMI values became stronger with increasing age of the children. At all
ages of the child (birth, 9, 24 months and 8, 16 years), the intrafamilial correlations
of the BMI values were stronger between the mothers and the children than
between fathers and children. But the stronger relationship between the BMI
values of the mothers and the children were only significant at birth [52]. Pooled
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data from the annual Health Survey for England (HSE) (2001-2006) were used to
compare maternal and paternal transmission of obesity risk. Measured data of the
weight and the height of the mother (n=4.423; mean age 38.25 years), the father
(n=4.423; mean age 40.94 years) and the child (n=4.423; mean age 9.51 years)
were used. The BMI values of the children were converted to standardized scores
(BMI-SD) relative to 1990 United Kingdom reference. Only families with complete
data sets, and a proof of paternity was available were included in the statistical
analysis. Associations between maternal and children’s BMI values were stronger
than between children’s and paternal BMI values. Midparental BMI values were
calculated. The midparental BMI values were significantly associated with
children’s age. The children were divided into three age groups (2-5 years, 6-10
years, and 11-15 years). A regression analysis showed stronger associations
between midparental BMI and children’s BMI-SD for children in the 11-15 years
age group compared to the association between midparental BMI and BMI-SD for
children of the 2-5 years age group [154]. The British birth cohort study was
started in 1958 in Scotland, Wales and England. Children who were born in the
period between 3rd and 9th March of 1958 were recruited for the study. The
children were followed up at the ages of 7, 11, 16, 23 and 33 years. Trained staff
measured the height and the weight of the children at the age of 7, 11 and 16
years. Data of children's weight and height at 23 and 23 years of age was obtained
by means of an interview. The weight and height values of the parents were selfreported at the 11-year follow-up. The associations between children's BMI values
and parental BMI values were stronger between mothers and offsprings than
between fathers and offsprings at all ages of the children. The associations
between children's and parental BMI values were lower at the 7 year follow-up
than at the 11 year follow-up [79]. In The European Youth Heart Study (EYHS) the
associations between maternal and paternal BMI values and the BMI values of the
offsprings were studied. Data of BMI values from n=949 children (9.5± 0.4 years),
n=873 adolescents (15.5± 0.5 years) and data from parental BMI (reported) were
used for statistical analysis. The BMI values of the mothers and the fathers were
positively and significantly associated with the BMI values of the offsprings. The
associations between children and parental BMI values were marginally stronger
between fathers and children than between mothers and children [77]. The Avon
Longitudinal Study of Parents and Children (ALSPAC) researched for health and
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the development of factors affecting children. The study was launched in 1991 in
Bristol (England). All pregnant women living in Bristol and who had an expected
date of delivery between the start of April 1991 and the end of December 1992
were asked to take part in the study. A number of n=14.541 women agreed to
participate and n=13.822 mothers had a singleton and live born child. The study
was followed up at children’s age of 7.5 years. For a number of n=4.654 trios
complete data sets of the BMI values were available. The BMI values of the
children and the parents were similarly correlated for both parents. The BMI values
were positively correlated between the spouses [144]. A subset of the Stanford
Infant Growth study was used to research the associations between parental and
offsprings’ measures of adiposity. The measurements took place annually over a
time period from children’s birth till eight years of age. Longitudinal data of
anthropometric parameters (weight, height, triceps skinfold, subscapular skin fold,
midarm circumference, waist and hip) for statistical analysis were available of
n=114 children and their n=228 biological parents. Anthropometric parameters
were measured at baseline from the father and six months after delivery from the
mother. The BMI values of the mothers and of the children were significantly
correlated at children's age of two, five, seven and eight years. Paternal BMI
values were significantly related to children's BMI values at seven and eight years
of age. The associations between parental BMI and children's BMI values at eight
years of age were stronger between fathers and children than between mothers
and children [129].
The family represents an interaction between genetic and environmental factors
[107]. The data of the UBCS demonstrated that the BMI values have a familial
component. This points towards the influence of genes and shared environment
on children’s BMI values. A genetic impact on BMI has been described in the
literature [134]. Within a twin study a heritability of the BMI for children at four
years of age was indicated at an amount of 0.48. For children at 11 years of age
heritability in amount of 0.78 was described. The genetic influence on BMI became
stronger during childhood [49]. It is possible, that genetic or environmental
changes could be contributing to these changes in heritability over life span.
Additionally it is possible, that the impact of the same genes on a trait became
stronger as the trait develops [51]. It is conceivable, that the genetic expression
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changes with proceeding development. This could result in a greater genetic
influence on a trait like the BMI [6] from infancy to childhood. Apart from genetic
influences environmental factors are also associated with a trait. Environmental
factors like the intrauterine milieu [77] and shared behavioural factors within a
family like food intake and physical activity [52] were associated with the BMI
values of the children. Some of these factors are mother and father specific. Foetal
over- and undernourishment are mother specific effects [77], father specific effects
are related to behavioural factors [7]. Within the UBCS stronger associations
between the BMI values of the children and the fathers than between the BMI
values of the mothers and the children were observed. I hypothesize that the
influences of prenatal environmental factors, mother specific factors, are stronger
in the first years of offsprings life than father specific factors. Genetic and
behavioural factors, father specific, strengthened in the time period of school age
[52]. This could be one explanation for the observed stronger intrafamilial
association in the UBCS between the BMI values of the father and the eight-yearold children than between mothers and children. I suppose that many studies
underestimated the relationships between children’s and fathers’ BMI values,
because the data on body weight and body height were reported and not
measured as within the UBCS. I hypothesize, that there are stronger genetic
influences and behavioural factors, paternal related, that explain the observed
stronger intrafamilial association between paternal and children’s BMI values
within the UBCS.
A methodological drawback of several family studies that examine the intrafamilial
association for BMI values is the lack of objectively measured weight and height of
both parents. Self reported data of weight and height were used to calculate
parental BMI values. Reported data of the paternal weight and height by the
partner was used within the British birth cohort. The associations between
children's and parental BMI values were stronger between mother and child than
between father and child. This difference was attributed to a lower reliability of
paternal BMI values [79]. The lack of objectively measured data of paternal weight
and height could result in an underestimation of paternal influence on offsprings
BMI. Additionally, a possible change in the association between offsprings and the
parents' BMI from infancy to adulthood has rarely been examined.
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In contrast to the results of the UBCS, most of the published family studies
found a stronger link between maternal and children’s BMI values than
between paternal and children’s BMI values. As the UBCS, the Stanford Infant
Growth study observed that paternal BMI values were more strongly related to
offsprings BMI values at eight years of age than maternal BMI values. One
possible explanation for these findings could be a stronger genetic influence,
paternal related, on offsprings BMI values at this age.
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4.2 Biological plausibility of observed associations between the umbilical
cord blood concentrations of leptin or adiponectin and the BMI values of the
children and cardiovascular risk factors at the age of eight years
Associations between the umbilical cord blood concentrations of leptin and
children's BMI values at birth
In the UBCS positive associations were observed between the concentrations of
leptin in the umbilical cord blood samples and children's BMI values at birth. This
is in accordance with clinical studies which reported that the cord blood
concentrations of leptin were positively correlated with foetal adiposity at birth [88,
131]. The prospective prebirth cohort study Project Viva was started in
Massachusetts in 1999. A number of n=2.128 pregnant women were recruited at
their first initial prenatal visit. A subgroup of n=588 mothers and their children was
established to study the associations between the umbilical cord blood
concentrations of leptin, adiponectin and offsprings' weight at birth and weight gain
during the first six months. The concentrations of leptin and adiponectin were
measured in the umbilical cord blood sample. The mother and the child were
visited by study staff at the end of the first and second trimester of pregnancy,
immediately after delivery and 6 months postpartum. Higher umbilical cord blood
leptin concentrations were related to higher birth weight of the children. An
increased weight and height gain in the first 6 months of life was observed for
children with lower cord blood concentrations of leptin in the umbilical cord blood
[90]. In a study of Schubring et al., n=51 healthy newborns and their healthy
mothers were examined. A venous cord blood sample out of the placenta was
taken after birth. Additionally, capillary blood samples of the children were taken
two to four hours (n=51), 56-79 h (n=47) and 99-128 h (n=23) after birth. The
concentrations of leptin, insulin and growth hormones in the blood samples were
measured. The concentrations of leptin in the umbilical vein were positively
correlated with newborns' weight at birth. The concentrations of leptin in the
capillary blood samples of the children decreased after birth. The concentrations of
leptin and insulin, measured in the capillary blood samples of the children at
different time points, were not related to each other [134].
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Associations between the umbilical cord blood concentrations of leptin and
children’s BMI values in childhood
In the UBCS the BMI values of the children after birth (1, 2, 3, 4, 6 and at 8 years
of age) were not associated with the umbilical cord blood concentrations of leptin.
At the 3-year visit of the prebirth cohort study Project Viva (design described in the
previous section) the weight, height and skinfold thickness subscapular and triceps
values of the children were measured by trained research staff. A blood sample of
each child was taken. The concentrations of leptin and adiponectin were
measured in the blood samples. Higher cord blood concentrations of leptin were
positively associated with higher cord blood concentrations of adiponectin.
Negative associations were observed between cord blood concentrations of leptin
and BMI values of the children at three years of age (adjusted for potential
confounders). Lower cord blood concentrations of leptin were associated with
higher leptin concentrations in the blood of the children at three years of age [90].
Positive associations observed in the UBCS between the leptin concentrations
in cord blood and the BMI values of the children at birth are consistent with the
observations found in the literature. In contrast to the Project Via within the
UBCS the umbilical cord blood concentrations were not significant associated
with BMI values of the children in childhood.
Associations between the umbilical cord blood concentrations of adiponectin and
children’s BMI values at birth and in the childhood
In the UBCS the umbilical cord blood concentrations of adiponectin were positively
associated with children’s BMI values at birth. The prebirth cohort study Project
Viva (design described in the previous section) showed that higher cord blood
concentrations of adiponectin were associated to higher weights of the newborns
at birth. The BMI values of the children at three years of age were not related to
the concentrations of adiponectin in the cord blood [134]. In the UBCS the BMI
values of the children after birth (1-8 years) were not associated with the cord
blood concentrations of adiponectin either.
The finding of the UBCS that the umbilical cord blood concentrations of
adiponectin were associated with the BMI of the children at birth, agrees with
data published before.
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Model of biological plausibility
a) Changes in maternal leptin concentrations during gestation and after delivery
and possible physiological functions of these changes
The leptin concentrations of the blood of pregnant women and of the blood of
women after delivery underlie changes. Schubring et al. examined n=29 healthy
pregnant women who gave birth to a healthy newborn [131]. A blood sample
(serum) was taken from the women at 6-8th week, 10-12th week, 24-26th week
and 38 -40th week of gestation, at birth of the child, three days and six weeks after
delivery. The concentrations of leptin and estradiol, free testosterone and sexhormone-binding globulin (SHBG) were measured in the blood samples. An
increase in the blood concentrations of leptin was observed during pregnancy. The
highest leptin concentrations were measured at gestational weeks 38-40. The
concentrations of leptin in the blood samples of the mothers decreased after birth
of the child. Six weeks after delivery the leptin concentrations reached a level
comparable to the one at the beginning of pregnancy (6-8th week of gestation). At
birth of the child maternal leptin concentrations were not associated with the
concentrations of leptin in the cord blood. The birth weight of the child was not
associated with the maternal serum concentrations of leptin. The serum leptin
concentrations measured in the serum blood sample of the mother during
pregnancy were highly correlated with her weight, BMI and skin fold thicknesses.
However the correlations decreased with increasing duration of pregnancy [134].
Maternal blood concentrations of leptin increase physiologically throughout
gestation and with increasing foetal weight [128]. Especially in the last trimester of
pregnancy the concentrations of leptin increase. During pregnancy the leptin
concentrations of the mother increase. Especially in late pregnancy and at birth
the concentrations of leptin are elevated. These are two important time points
where mother stores body fat and leptin acts as a signal for satiety and expansion
of the fat store [18]. High leptin concentrations in maternal serum during
pregnancy could be a feedback modulator of substrate supply and of the status of
the volume of adipose tissue especially at the end of pregnancy and during early
postnatal life [132]. In late pregnancy a relative unresponsiveness of leptin
receptors may result in an uncoupling of eating behaviour and fullness of fat
stores. Fat is accumulated. It is possible that high leptin concentrations in late
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pregnancy are important to ascertain foetal development and a normal
progression of pregnancy [18].
b) Leptin concentration during perinatal and postnatal life and the possible
physiological functions of these changes
The foetal adipose tissue produces leptin. The placenta also secretes leptin [132].
The production of leptin in the foetus and in the placenta has been demonstrated
in humans [20]. Cetin et al showed that leptin is present in foetal circulation from
the beginning of the second trimester of pregnancy [18]. Schubring et al observed
high leptin concentration in the blood of newborns at birth and a dramatically
decrease in the concentrations after birth. Schubring et al hypothesized that the
decrease in the leptin concentrations after child's birth is important for the
stimulation of feeding behaviour and the acquisition of energy homeostasis in
neonates. The fall in the leptin concentrations after birth may results from the fall in
the insulin concentrations. Another explanation could be that the fall in the leptin
concentration after birth results from fall away of placenta as a source of leptin
[133]. The decrease in the blood leptin concentrations after birth may act as
stimulus for increased energy uptake. High concentrations of leptin of the newborn
stimulate the sympathetic nervous system. This leads to an innervating of the
brown adipose tissue. This activation could be a protective mechanism in
newborns against cold stress after birth. Lower leptin concentrations at birth were
found in children diagnosed with intrauterine growth restriction (IUGR). Higher
leptin concentrations were found in children born large for gestational age (LGA)
[18]. Lower leptin concentrations in the blood of newborns could be an indication
of altered programming in utero. It is possible that a lower leptin concentration at
birth promotes excess weight gain of the child in early childhood. An increase in
the weight gain of children with low leptin concentrations at birth was observed by
the Project Via study [90]. “Catch up growth” in offsprings which included an
increased weight gain in first years of life is a risk factor for overweight and obesity
in later life [62].
A summary of the described changes in leptin concentrations of the mother during
pregnancy and after delivery and also of the child in the womb and after birth is
presented in figure 22.
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Figure 22. Biological model presenting changes in the concentrations of leptin of
women during pregnancy and of the children during foetal and postnatal life and
the effects of these changes on the brain, feeding behaviour and energy
homeostasis of the mother and the child

The observed positive correlation between leptin concentration in cord blood
and the BMI value of the child at birth in the UBCS is physiologically
explainable. It is possible that the higher leptin concentrations in cord blood,
associated with higher BMI values at birth, are necessary to stimulate feeding
behaviour and the acquisition of energy homeostasis in neonates.
c) Physiological changes of the adiponectin concentrations of the child during life
In literature a possible production of adiponectin by the placenta is subject to fierce
debates [20, 143]. Montzoros at al observed that higher concentrations of
adiponectin in the cord blood were related to larger size at birth, larger weight gain
in newborns during the first six months of life and a higher ratio of skin fold
thickness subscapular and triceps, a measure of central obesity, at three years of
age [90]. The study of Montzoros is the only study which found this association
between baseline adiponectin concentrations and overall obesity in children.
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Physiologically, the associations between the adiponectin concentrations and
weight switch from a positive association at birth to a negative association in later
life. In longitudinal animal studies it was shown that initially the concentrations of
adiponectin increase in the relation to body weight and overall fat mass. Over time
the concentrations of adiponectin decreased with increasing intra-abdominal fat
accumulation. For obese adults lower concentrations of adiponectin compared to
adults of normal weight were identified [45]. In the UBCS positive associations
between concentrations of adiponectin in the umbilical cord blood and the BMI
values of the children at birth were observed. The BMI values of the children after
birth were not significantly related to adiponectin concentrations of the cord blood.
I hypothesize that higher concentrations of adiponectin in the cord blood do not
alter the body composition of the children in later life.

The observed positive associations in the UBCS between umbilical cord blood
concentrations of adiponectin and BMI values of the children at birth coincide
with data of the literature.
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4.3 Tracking of BMI values from birth to prepubescent age
In the UBCS the BMI values of the children at birth were weakly associated with
the BMI values at eight years of age. In the UBCS it was observed that the BMI
values of the children at 1, 2, 3, 4 and 6 years of age were significantly associated
with the BMI values at eight years of age. The strongest association existed
between the BMI values at six and eight years of age. Tracking of BMI values from
young childhood to prepubescent age is suggested.
The concept of tracking is based on the acceptation that a future measurement
could be predicted using an earlier value [31]. In the literature the phenomenon of
BMI tracking from young childhood to prepubescent age [43], from childhood to
adolescence [21, 44] and from childhood to adulthood [31] has been described.
In the Early Bird Diabetes study a number of n=307 healthy children were recruited
at 4.9 years of age in the city of Plymouth, England. The children were followupped annually (fasting blood samples, anthropometry, body composition, physical
activity, resting energy expenditure, heart rate variability). Complete data sets
(anthropometry data and fasting blood samples of the children at five and nine
years of age) were available for a number of n=261 children. The weight of the
children at five years of age predicted the weight of the children at nine years of
age [43]. In The Western Australian Pregnancy Cohort (Raine) Study a number of
n=2.868 children were followed up after birth at 1, 2, 3, 6, 8, 10 and 14 years of
age. At each follow-up height and weight of the children were measured. To create
a longitudinal model of the BMI from birth to 14 years of age only data of children
with a measured BMI at 14 years were included in statistical analysis (n= 1.403).
The BMI trajectory of a child since birth was dependent on its weight status at 14
years of age. Overweight and obese adolescents at 14 years of age showed an
altered BMI course compared to normal weight adolescents. This altered BMI
course included higher BMI values already at one year of age, an earlier adiposity
rebound and a faster weight gain rate. Children with higher BMI values already at
one year of age had higher BMI values at 14 years of age [21]. In a subsample of
the Nepean study (Australia) n=290 healthy children the anthropometric
parameters BMI and waist circumference were examined at the age of 7-8 years
and at 15 years. A high percentage (78.9%) of the children who were overweight
or obese at eight years of age was still overweight and obese at 15 years of age

93

Discussion

[44]. The Bogalusa (Louisiana) Heart Study (BHS) is a community based study.
The aim of the study was to look for natural history of cardiovascular risk factors
and for environmental determinants beginning in early life. The design of the study
included a baseline examination in childhood (9-11 years) and a follow-up
examination in young adulthood (age: 19-35 years). In n=841 children and young
adults height and weight was measured. The baseline BMI values were highly
correlated with BMI values at the follow-up examination. In further analyses BMI
quartiles were used to analyse tracking of BMI values. Round 62% of the children
with BMI values in the highest quartile in childhood remained in the highest
quartile in young adulthood [31].

The observed significant associations between BMI values of the children in the
childhood with the BMI values at eight years of age in the UBCS indicates a
traceability of the BMI from early childhood in prepubescent age. This
observation agrees with the observations described in literature [21, 31, 44].
Results of the UBCS indicated that the BMI values of the children at one year of
age seem to be important for the BMI values in later life. Similar conclusions
were reported by Chivers et al [21].
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4.4 Associations between BMI values of the children in childhood and
cardiovascular risk factors in fasting blood at eight years of age
Associations between BMI values of the children at birth and cardiovascular risk
factors at eight years of age
In the UBCS no relationships between children’s BMI values at birth and
cardiovascular risk factors in the fasting blood at eight years of age were identified.
Within the multiple regression analysis only the birth weight was not a significant
predictor of the cardiovascular risk factors insulin, glucose, adiponectin, RTBP4
and leptin in children at the age of eight. In the literature some studies reported an
association between low birth weight and elevated cardiovascular risk factors in
later life [5, 159], whereas others could not identify a significant association [38,
43].
Hales and Barker described that low birth weight was associated with increased
risk of type 2 diabetes in later life [4]. A meta-analysis of Harder et al concluded
that low and high birth weights are associated with increased risk of overweight
[49] and type 2 diabetes in later life [159]. The association between birth weight
and susceptibility to diabetes in adulthood seems to be U-shaped [49]. A study
including n=100 twin pairs, born in the regions of Oxford and Cambridge between
1992 and 1994, analyzed the associations between size at birth, postnatal weight
gain and the potential risk for diseases in adulthood. The birth weight and the
height, weight, skinfold thickness of the children at mean age of 8.9 years were
measured. Additionally, a fasting blood sample was taken of the children. The
concentrations of insulin and glucose were analyzed. The systolic and diastolic
blood pressure was measured. The birth weight was weakly associated with the
metabolic risk factors (fasting concentrations of insulin, systolic and diastolic blood
pressure, sum of skin fold thickness) of the children at 9 years of age [5]. In the
Early Bird Diabetes Study (design described in point 4.3) no significant
associations between the birth weight of the children and the Homeostasis Model
Assessment- Index (HOMA-Index) concentrations (marker of insulin resistance) of
the children at five years of age were observed. But the current weight of the
children was strongly related to HOMA-Index concentrations of the children at five
years of age. A negligible positive association existed between the birth weight
and the HOMA-IR concentrations of the children at nine years of age [43]. The
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analysis of the Stockholm Weight and Pregnancy Development Study (SWEDES)
followed-up a number of n= 1.423 mothers during and after their pregnancies. The
aim of the study was to look for the offsprings' weight development. A number of
n=481 mothers and their children were follow-up 17 years after baseline
examination. The weight and height of the children at birth were collected from
hospital records. Anthropometric data of the children up to six years of age were
examined within routine visits. At the 17 year follow-up the weight and height of
the adolescents were measured and a blood sample was taken. The
concentrations of insulin, glucose, triglycerides and HDL-c were measured of the
serum samples. The weight of the children at birth was not associated with the
serum concentrations of insulin, glucose and HDL-c of the adolescents at 17 years
of age [38].
The development of a child in the uterus is determined by genetic factors and the
impact of nutrition and nutritional status of the mother. In epidemiological studies
birth weight is often used as an indicator of the impact of the intrauterine milieu to
the foetus [119]. Within the last 20 to 30 years the mean birth weight in western
countries increased (up to 126 g per decade). The prevalence of macrosomia
increased up to 25% [128]. Changes in gene pool could not explain these
observations. It is assumed that the birth weight is determined more strongly by
the intrauterine milieu than by genetic factors [119]. Results of a British study
support this hypothesis. The study showed that the BMI values of the surrogate
mothers delivering the children were stronger correlated with the birth weight of
the newborns than the BMI values of natural mother [12]. It is suggested that
postnatal adaptation in growth contributes more to later disease risk than birth
weight [101].

The results of the UBCS confirm the findings of the current literature of the birth
weight of a child not being significantly associated with cardiovascular risk
factors like insulin, HDL-c, glucose of a child in later life.
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Associations between BMI values of the children in childhood and cardiovascular
risk factors at eight years of age
In the UBCS it was observed, that the BMI values of a child at 1, 2, 3, 4, 6 and 8
years of age were positively related to the fasting blood concentrations of insulin
and leptin at prepubescent age.

Within multiple regression analysis, the BMI

values of a child at the age of one and at the age of eight could be considered as
significant predictors of the insulin and leptin concentration in a child at the age of
eight. Children’s BMI values at six and eight years of age were positively
associated with fasting blood concentrations of glucose and RBP4 at eight years
of age. Within multiple regression analysis, the BMI values of a child at the age of
eight could be considered as significant predictor of the RBP4 concentration in a
child at the age of eight.
In the ALSPAC, United Kingdom, (the design of the study was described in section
4.1) data of body weight and height of children at birth, at the age of six weeks, 10,
21, 48 months, 5 years and 7-15 years of age were collected and complete data
sets were available for a number of n=4.601 children [54]. Associations between
changes in BMI across the childhood and the cardiovascular risk factors (blood
pressure, fasting blood concentrations of LDL-c, HDL-c, C - reactive protein,
insulin, glucose) of the adolescents at 15 years of age were investigated. Changes
in the BMI values in early childhood (under seven years of age) were weakly
associated with the cardiovascular risk factors of the adolescents at 15 years of
age. Changes in BMI between 7 and 8.5 years and between 8.5 and 10 years of
age were more strongly associated with cardiovascular risk factors at 15 years of
age. A change in one standard deviation of the BMI values between 7 and 8.5
years of age increase the insulin concentrations by 0.06 standard deviations at 15
years of age. A change in one standard deviation of BMI change between 8.5 and
10 years of age increase the insulin concentrations by 0.09 standard deviations at
15 years of age. Further cardiovascular risk factors at 15 years of age were less
strongly associated with change in BMI values in later childhood than the insulin
concentrations [56]. Owen et al reviewed published studies investigating an
association between the BMI values in childhood, adolescents and adulthood (230 years) and later cardiovascular heart disease (CHD) risk. Higher BMI values of
the children since the age of seven years seem to be decisive for an increased risk
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of coronary heart disease in adulthood. The main conclusion was that BMI values
from childhood onwards are positively related to CHD [106].
One important finding of the analyses of the UBCS was that the concentrations of
insulin and leptin of the children at eight years of age were positively associated to
the BMI values of the children from the first year of life onwards. The association
between BMI values and concentrations of insulin and leptin increased with
increasing age of the child. The concentrations of RBP4 of the children at eight
years of age were positively associated with the BMI values at six and eight years
of age. The BMI values of the children at eight years of age were strongly
associated with the BMI values at six years of age. The BMI values at six years of
age are a measure of BMI after time of adiposity rebound. Therefore, it can be
hypothesized that the increase in BMI after adiposity rebound (increase in BMI
from six till eight years of age) could be an indicator of an altered insulin
metabolism and have an effect on insulin associated cardiovascular risk markers
like RBP4. This could be the reason for an identification of a significant association
between fasting blood concentrations of RBP4 and BMI values not until six years
of age.

In the UBCS it was shown that the BMI of a child at one year of age is a
stronger predictor of the cardiovascular risk factors insulin and leptin of a child
at eight years of age than the BMI of a child at birth. These results demonstrate
the importance of BMI values of a child at one and after one year of age to
cardiovascular risk factors in later life.

98

Discussion

Tracking of cardiovascular risk factors
There were no data available about the concentration of cardiovascular risk factors
in fasting blood at two time points. It was not possible to look for the phenomenon
of the tracking of the cardiovascular risk factors. The phenomenon of tracking of
BMI values from childhood to adulthood has been described in the literature [21,
30, 41, 42]. Tracking cardiovascular risk factors from childhood to later life is also
discussed in literature. In a subgroup of the Special Turku Coronary Risk Factor
Intervention Project (STRIP), a Finland-based randomised intervention study, ,
data for weight, height, blood concentrations of total cholesterol, triglycerides,
LDL-c and insulin at 7, 9 and 11 years of age of n=100 healthy children (44
intervention group, 56 control group) were collected. The tracking of mean LDL
particle size, total cholesterol, HDL-c and LDL-c, serum triglyceride, insulin
concentrations and BMI values was investigated. For the concentrations of LDL-c
the strongest correlation existed between LDL-c concentrations at seven and at
nine years of age. Weaker correlation coefficients were identified between the
LDL-c concentrations at seven and the LDL-c concentrations at 11 years of age.
Serum insulin concentrations at seven years of age were positively correlated with
the insulin concentrations at 11 years of age[59].
I suggest that higher cardiovascular risk factor concentrations in the fasting blood
of the children at prepubescent age be tracked in pubescent and adult age. I
hypothesize that higher fasting blood insulin concentrations of the children at
prepubescent age will be tracked from childhood into adolescence and into
adulthood. Tracking of a high insulin level could result in an elevated insulin level
in later life. Tracking of high insulin concentrations from prepubescent age may
have long-time consequences in terms of further cardiovascular risk factors like
adiponectin, RBP4 and ApoB in later life. These are known to be single risk factors
for metabolic and cardiovascular diseases in later life.
In the UBCS it was not possible to look for the phenomenon of the tracking of
the cardiovascular risk factors from younger to older ages, because no data of
measured cardiovascular risk factors in the fasting blood of the children of at
least two time points were available. The current literature provides evidence
that the phenomenon of tracking exists also for cardiovascular risk factors like
LDL-c, as it does for BMI values.
99

Discussion

4.5 Perinatal programming and the consequences for cardiovascular risk
factors in later life
The analysis of intrafamilial associations performed in the UBCS showed that only
maternal fasting blood concentrations of insulin were significantly associated with
the fasting insulin concentrations of the children at eight years of age. Within the
multiple regression analysis, maternal fasting blood concentration of insulin could
be confirmed as a significant predictor of the insulin concentration in a child at the
age of eight. Children's fasting insulin concentrations at eight years of age were
more strongly related to maternal BMI values before pregnancy than to maternal
BMI values at the end of pregnancy and to maternal BMI values at the 8-year
follow-up of the UBCS. The multiple regression model, adjusted for maternal prepregnancy BMI values accounted a higher percentage of the variance of the
fasting insulin in a child at the age of eight compared to the multiple regression
model, adjusted for current maternal BMI values at eight-year follow-up of the
UBCS. Additionally, the fasting blood concentrations of ApoB and leptin of the
eight-year-old children were positively related to maternal BMI values before and
at the end of pregnancy. Within the multiple regression analysis, maternal prepregnancy BMI values could be confirmed as a significant predictor of the ApoB
and leptin concentration in a child at the age of eight.
Insulin and leptin are hormones which are related to each other. I hypothesized
that there is a programming of the normal insulin values in the hypothalamus of
the foetus in utero. The programming of the neuro-endocrine system in foetal life is
influenced by environmental factors in utero. Higher maternal BMI values at
conception and in pregnancy provide higher concentrations of glucose, amino
acids and fatty acids which pass the placenta. An altered programming of the
normal values of insulin in utero might have consequences on BMI course and on
the amount of insulin and insulin-associated blood concentrations (ApoB and
RBP4) of the child in later life. Three mechanisms which could have long life
effects will be discussed subsequently:
1. Imprinting, epigenetics and perinatal programming
2. Altered programming of normal levels of insulin in utero according to altered
environmental conditions
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3. Consequences of an altered intrauterine milieu on brain structures involved in
the regulation of energy metabolism and food intake

4.5.1 Imprinting and epigenetics
In the womb the development and the growth of the foetus depends on maternal
nutrient supply. The nutrient supply of the foetus occurs via the placenta. There is
evidence that there are genes which are involved in the regulation of the functions
of the placenta and underlying so-called “imprinting”. Imprinting means an additive
epigenetic modification of the Deoxyribonucleic acid (DNA); however the base
sequence of the DNA is not modified [23]. The process which leads to an altered
functioning of a gene is called “epigenetics” [159]. Epigenetics describes the
process of alteration. Alteration in gene expression could be based on chemical
modification of chromatin like DNA methylation or the acetylation of histones [141].
DNA methylation describes the process of adding a methyl group to cytosine in the
DNA sequence. The consequence is that the transcription factor is unable to bind
on the promoter region and the gene transcription decreases or the gene is
silenced [119]. DNA methylation affects cytosine bases that are followed by a
guanine. These are called “CpG-dinucleotides”. Methylation of DNA occurs in
hypomethylated CpG rich regions of the gene promoter. These regions are called
CpG islands [22]. The CpG islands were found in half of mammalian genes. The
methylation status of Cpg islands in the promoter sequence is important for the
binding affinity of transcription factors to the DNA binding side. Gene silencing, Xchromosomal inactivation, genomic imprinting and regulation of tissue specific
genes during cellular differentiation are associated with DNA methylation [140]. A
further epigenetic modification is histone acetylation. Gene transcription is
activated by increased histone acetylation and repressed by decreased histone
acetylation [141].
Genes that are known for underlying imprinting are involved in resource
acquisition [41, 124]. Genes that were expressed from the paternally inherited
resource-acquisition gene copy purpose the goal to increase the resource transfer
to the child. Maternally expressed resource-acquisition genes purpose the goal to
reduce the resource transfer [124]. This is called genetic conflict theory. The
interests of paternally inherited resource-acquisition genes are to extract a high
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amount of resources (nutrients through the placenta during gestation, milk after
birth) from the mother. This is caused by the fact that women could bear offsprings
by different males and the father strives to save the survival of his own offspring.
Maternally inherited genes follow the aim to ensure that resources are sufficient to
all offsprings [158]. Genomic imprinting means that in consequence of an
epigenetic modification the maternally inherited gene is silenced and only the
paternally inherited gene is expressed. There is certain evidence that genes
encoding for nutrient transporters in placenta and which are involved in the
development of the placental blood vessels are subject to imprinting. This results
in placental adoption and affects nutrient delivery to the foetus [23]. The
development of a new individual is affected by genes. The intrauterine
environment dictates how these genes function. An altered environment, for
example an increase in the nutrient supply might alter the capacity of genes, the
structure and the function of the developing system [159].

4.5.2 Concept of perinatal programming according to Dörner and Plagemann
in general and exemplary for programming of normal insulin values
The term “perinatal programming” describes a process in which in critical
developmental periods factors like nutrients and hormones may program the
function of organs and organ systems permanently. A disorganisation in the
programming could promote the development of chronic diseases like obesity and
diabetes mellitus in later life [119]. The idea that the perinatal programming is a
cybernetic process goes back to Dörner [32]. In the centre of the concept is the
idea that environmental factors like hormones or hormone-like substances act in
the brain of a developing organism. In critical developmental periods hormones act
as ontogenes and are involved in the arrangement of the neuro-endocrine and
immune system. Elevated concentrations of hormones during critical periods act
as functional teratogenes. This results in a functional malorganisation of the neuroendocrine and immune system with a permanent disposition, disorganisation or
disease in later life [119].
Perinatal programming of the normal insulin value of the hypothalamus
The hormone insulin is involved in the process of glucose uptake from the blood to
the liver, muscle and fat tissue. Additionally, insulin plays a role in the
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programming of long life regulation of the metabolism. The basic principle of self
organization of the neuro-endocrine control system is linear during critical periods
such as foetal time (figure 23 [107]). Within this linear system the brain underlies
organizing effects of the factor to be regulated later, like the hormone insulin.
During foetal time glucose and amino acids pass the placenta. The foetal
pancreas reacts according to the amount of glucose and amino acids by secreting
insulin. During critical periods the secreted concentrations of insulin co-determines
the normal value of insulin in the brain in later life. After critical periods the linear
control system becomes a closed cybernetic controlling system. The factor that
organizes in critical periods becomes the factor that has to be controlled. It seems
that in critical developmental periods the programmed normal value of insulin codetermines the level of insulin secretion according to the stimulus glucose in later
life. This programming mechanism is called “hormone dependent programming of
normal value” [119].

Figure 23. Principle of the “biocyberntogenis” of homeostatic regulatory systems
of the organisms, exampled by the “hypothalamo-pancreatic” subsystem of
metabolic regulation [111]

4.5.3 Imprinting and perinatal programming affecting factors
In the UBCS children’s fasting insulin concentrations at eight years of age were
significantly related to maternal BMI values before pregnancy and at the and of
pregnancy. The strongest association however existed between children’s fasting
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insulin concentrations at eight years of age and maternal pre-pregnancy BMI
values. I hypothesize, that a greater maternal pre-pregnancy BMI value before
pregnancy is associated with higher nutrient supply for the foetus (altered
intrauterine milieu). Under the assumption that there are human genes that are
subject to imprinting and are involved in the regulation of the function of the
placenta, an altered intrauterine milieu could promote imprinting of these genes
(figure 24). Higher nutrient supply to foetus could have long time effects on the
programming of the normal insulin value in the foetal hypothalamus in utero
(according to the concept of Döring and Plagemann).

Figure 24. Model of possible associations between high maternal pre-pregnancy
BMI values and epigenetic modification of genes, which are involved in the nutrient
supply of the foetus
(TF, transcriptional factor; mRNA, messenger Ribonucleic acid; AC. acetylation; Me, methylation;
HP1, heat-shock protein 1)

Hormones play an important role as environment dependent organizers of the
developing organisms [113]. Offsprings of mothers that suffered diabetes during
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pregnancy (type 1 diabetes, type 2 diabetes and gestational diabetes) are
exposed to an altered intrauterine milieu which is characterized by elevated insulin
concentrations in foetal and perinatal life [112]. There is evidence from
epidemiological, clinical and experimental studies that children of mothers with
diabetes are at increased risk of becoming obese and developing diabetes mellitus
in later life [25, 32, 116, 139]. It is important that this acquired disposition may
occur irrespectively of the genetic background and independently of the weight of
the child at birth. The perinatal insulin concentrations and the occurrence of
hyperinsulinaemia are associated with the acquired disposition against overweight
and diabetes [112]. Plagemann et al assumed that elevated concentrations of
insulin during perinatal life may program the development of diabetes and
overweight in later life. Reasons for increased perinatal concentrations of insulin
could be an increase in foetal nutrition in overweight pregnant women and
neonatal overfeeding [113].
The possible association between an altered intrauterine milieu and health
outcomes of the child will be discussed subsequently. Three features that are
associated or could be associated with an altered intrauterine milieu which the
child is exposed to in the womb and the possible long-life effects for the child's
health will be described:
1) Gestational diabetes
2) Maternal overweight before pregnancy
3) High amount of gestational weight gain
Gestational diabetes as a model of an altered intrauterine milieu
In clinical studies, the effect of gestational diabetes on offspring's anthropometric
and clinical markers in later life was analyzed [115, 116, 138, 139, 151]. Selected
studies will be described subsequently to show how an altered intrauterine milieu
may have long-life effects on children’s health outcomes.
About every 10th woman in developed industrialized nations suffers diabetes
during pregnancy (type 1, type 2 diabetes and gestational diabetes) [65]. Data of
the
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mellitus in the amount of 3.4% (2009) [66]. Children whose mothers suffered
gestational diabetes are affected by the materno-foetal hyperglycaemia and by
elevated insulin concentrations. Children exposed to maternal diabetes in utero
have an increased risk of becoming overweight and develop diabetes (glucose
intolerance, impaired insulin secretion and insulin sensitivity) in later life [115, 116,
138, 139, 151]. It is important that this acquired disposition seems to be
irrespective of the genetic background and independent of the birth weight. But the
effect seems to be dependent on foetal insulin concentrations and perinatal
hyperinsulinism [112]. For children of diabetic mothers the level of amniotic or
perinatal hyperinsulinaemia was positively associated with an increase in relative
body weight and risk of impaired glucose tolerance (IGT) in later life [113]. In Pima
Indians, offsprings of mothers with diabetes during pregnancy showed an
increased risk of becoming obese and developing altered glucose intolerance and
diabetes type 2 in later life. Compared to the offsprings of diabetic fathers and to
siblings born before the onset of maternal diabetes these children have an
increased risk for becoming obese and suffering diabetes type 2 [25, 109] in later
life. Krishnaveni et al suggested that these observations are an indicator for a
stronger influence of foetal environment than of genetic to metabolic diseases [72].
In the Fetal Insulin and Glycaemia Study (FIGS) the influence of maternal diabetes
type 1 (n=45) during pregnancy on adiposity and glucose tolerance in offsprings at
seven years of age were examined. In the control group, offsprings of non diabetic
mothers during pregnancy were included (n=15). If possible the birth weight was
ascertained and the concentrations of insulin and leptin in umbilical cord blood
were measured. The presence of maternal diabetes was associated with higher
prevalence of overweight and obesity of the seven-year-old children. No
differences in the cord blood concentrations of insulin were found between the
group of overweight, obese children and children of normal weight at seven years
of age of mothers with diabetes type 1 during pregnancy. In comparison to the
control group (children of non-diabetic mothers during pregnancy) children of
mothers who had suffered diabetes had greater cord blood concentrations of
insulin [84]. In a study of Silverman et al it was shown that offsprings of mothers
with diabetes mellitus during pregnancy have higher prevalence of IGT compared
to offsprings of non-diabetic mothers. The amniotic fluid insulin (AFI) was used as
a measure of beta cell function in gestational weeks 32 to 38. Offsprings of
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diabetic mothers during pregnancy without an adequate treatment showed
increased insulin concentrations in amniotic fluid. Higher amniotic fluid
concentrations of insulin were associated with an increase in the risk of developing
an IGT at pubescent age. A higher percentage of children with IGT were obese. It
was concluded that an excessive insulin secretion in utero is a strong predictor of
IGT in childhood. Furthermore, obesity in children was associated with an IGT in
childhood [138].
There is evidence from the literature that children whose mothers suffered
gestational diabetes have an increased risk of developing diabetes and
overweight in later life. It is important that it could be shown that the association
was irrespective of the genetic background. These observations demonstrate
the potential long-term impact of an altered intrauterine milieu on the
development of overweight and diabetes.

Associations between maternal BMI values at conception and in pregnancy on
perinatal programming of offsprings’ normal insulin values
Pregnancy is a diabetogenic physiological situation [16]. In the first and early
second trimester of pregnancy the insulin sensitivity in women increases. The
higher insulin sensitivity is associated with an increase in lipid storage in adipose
tissue (anabolic state). In mid to late gestation a change from anabolic to catabolic
state happens with an increase in insulin resistance [22]. In late gestation maternal
hepatic glucose production increases about 30 percent and also lipolysis
increases [17]. The increase in insulin resistance in pregnancy promotes the
availability of glucose and free fatty acids despite elevated maternal insulin
concentrations for the foetus. The foetus uses these substrates as adipogenic
substrates [16]. The last trimester of pregnancy is the time for foetal body fat
storage [16, 22, 113]. In comparison to women of normal weight, the physiological
insulin resistance of obese women during pregnancy is enhanced by increased fat
mass and an increased maternal blood glucose level [50]. During pregnancy
maternal blood glucose passes freely through the placenta. In response to glucose
the foetus produces its own insulin [57]. In early foetal time (with beginning of the
8th to 10th week of gestation) there is a foetal insulin secretion [81].
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Data of the National Nutrition Survey II (NVS II), 2005/2006, showed that 29% of
women aged 20 to 29 were overweight and 8.7% were obese. Today, women’s
average age at first pregnancy moved to 30 to 39 years. The prevalence of
overweight and obesity of women is higher in this age group compared to women
aged 20 to 29 (overweight: 35.3%; obesity: 14.3%) [50]. Overweight and obesity of
women during pregnancy brings about consequences for her own health and for
the health of her child (increased risk of preeclampsia, Sectio Caesarea,
gestational diabetes mellitus, macrosomia, children born LGA) [50, 119]. The
increasing prevalence of overweight and obesity of women in child bearing age
has also consequences for foetal nutrient supply. In obese women an earlier shift
from anabolic to catabolic state in pregnancy is possible. This results in a greater
mobilization of nutrients on an earlier time point in pregnancy. Higher
concentrations of insulin of the mother might increase the transcription of placental
proteins which are involved in lipid transport [22]. An earlier placentation in
overweight/obese mothers results in an earlier transport of nutrients to the foetus.
This could affect methylation of specific genes [102] and have long time effects on
BMI course and cardiovascular and metabolic diseases of the child. In summary
the increasing prevalence rate of overweight of women of child bearing age lead to
a higher percentage of foetuses which are exposed to an obese and/or diabetic
intrauterine milieu [119]. There is evidence from animal and human studies, that a
greater maternal prepregnancy BMI is associated with a higher risk for children
becoming overweight and have a higher risk for cardiovascular diseases in later
life.
a) Evidence from animal studies
Within an animal study rats (Female Sprague Dawley rats) were overfed before
mating and got a standard diet during pregnancy. Rats were overfed in a
controlled manner by enteral nutrition and by bypassing the satiety response with
the aim to replicate the metabolic and endocrine features of overweight
individuals. The offsprings of these rats became obese in adulthood in the
absence of changes in birth weight [135]. In another animal study using also
Female Sprague Dawley rats it was shown that overweight in mothers has a
significant impact on offspring’s metabolism at weaning. Offsprings showed
abnormalities in systemic insulin, resistin and adiponectin concentrations, also

108

Discussion

global changes in hepatic transcriptome and changes in the signalling pathway
regulating the nutrient utilization. This effect still existed in the absence of
excessive weight gain of the mother during pregnancy. It was concluded that
maternal overweight from conception to child’s birth is associated with the
programming of elevated insulin and adiponectin concentrations and with
alteration in genes which are involved in carbohydrate metabolism, lipid
biosynthesis and fatty acid metabolism [136].
The described observations from animal studies showed that the maternal BMI
values before pregnancy seems to be a strong predictor of offsprings’ BMI and
cardiovascular risk factor concentrations in later life.
b) Evidence from human studies
In the literature observational studies described an association between maternal
obesity and obesity in the offspring as neonates [16, 102], in childhood [47, 102,
155] and in early adulthood [8, 94, 110]. Observational studies using the BMI as
indicator of obesity demonstrated that an increased maternal BMI value before
and during pregnancy was associated with obesity of offspring’s later life [62, 98].
Higher maternal pre-pregnancy BMI and BMI values in pregnancy have been
shown to affect the body composition of the offspring [16]. Within a study of n=53
lean (BMI <25kg/m2) and n=68 obese women (BMI >30kg/m2) the association
between maternal obesity on neonatal body composition (weight, height,
abdominal skinfold, calculated body fat and lean mass) and cardiovascular risk
markers (insulin resistance, leptin, Interleukin 6) were analysed. The participating
pregnant women undertook an oral glucose tolerance test (OGTT) and an
umbilical cord blood sample (measurement of the concentrations of leptin,
glucose; calculation of the HOMA-Index, cytokine assay) was taken at delivery.
Offsprings of obese mothers had significantly greater concentrations of insulin and
glucose in cord blood compared to offsprings of normal-weight mothers. The
foetuses of obese mothers showed no difference in weight and lean body mass at
birth in comparison to foetuses of lean mothers. But the BMI values of the mothers
before pregnancy were significantly related to foetal percent body fat and insulin
resistance (HOMA-Index concentrations) of the foetuses. The associations
between maternal pre-pregnancy BMI values and offsprings’ insulin resistance
remained significant after adjustment for foetal fat mass or percent body fat [16]. In
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the observational Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study
a number of n=23.316 pregnant women were examined. The recruitment of
participants occurred in nine countries at 15 centres. The aim of the study was to
assess the effects of mild hyperglycaemia under cut off point of gestational
diabetes mellitus on pregnancy outcomes (birth weight >90th percentile,
preeclampsia, premature birth, neonatal hyperglycaemia, hyperbilirubinaemia) and
on maternal, foetal and neonatal events according to metabolic dysfunction. A 75g
OGTT between the 24th and 32th week of gestation was carried out. Maternal
weight and height was measured on occasion of the OGTT and pre-pregnancy
BMI was self-reported. In newborns the birth weight, birth length and flank skinfold
(calculation of fat mass using birth weight, height and flank skinfold value) were
measured. Higher maternal BMI values at OGTT increased the frequency of
increased birth weight, percentage of body fat and sum of skin folds (>90th
percentile) of the offsprings. The offsprings of mothers with higher BMI values in
pregnancy were not larger at birth but had an increased fat mass in comparison to
children of mothers with lower BMI values. It was observed that a high maternal
BMI value at OGTT was positively associated with foetal hyperinsulinaemia. A
significant and positive association between increasing maternal blood glucose
concentrations and increased risk of pregnancy outcomes was identified. A cut off
point for glucose concentration which should be of use in the future was not
identifiable, because the increase of the glucose concentration per se was
associated with increased risk of pregnancy outcomes [46]. In the Cambridge
Baby Growth Study data of offsprings’ birth weight, insulin and glucose
concentrations of n=668 non diabetic pregnant women with normal fasting glucose
concentrations and with a normal OGTT result were examined. The aim of the
study was to look for an association between the concentrations of insulin
(measured in fasting venous blood and at the time point of 60 minutes at OGTT,
carried out at 27-29th gestational week), glucose (fasting, measured with OGTT at
27-29th gestational week) and BMI values during pregnancy with birth outcomes
(birth weight, skinfold thicknesses biceps, triceps, subscapular, suprailiacal) and
with skin fold thicknesses of the offsprings at three months, one and two years of
age. Positive associations between maternal glucose concentrations and
offsprings’ weight and length at birth were observed, even in absence of maternal
diabetes. The study showed an increase of the birth weight and skinfold thickness
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of the offspring with increasing fasting blood concentrations of glucose of the
mothers. The lengths of the children at birth were not related to maternal blood
glucose concentrations. The insulin sensitivity and insulin secretion of the mothers
were inversely related to offsprings’ skinfold thicknesses at birth. Maternal prepregnancy BMI values were positively related to offsprings’ birth weight and birth
length. Only the skinfold thicknesses (measure of adiposity) of the children at one
and two years of age were positively correlated with maternal pre-pregnancy BMI
values [102]. In a study of non diabetic pregnant women and their offsprings
(n=276) a lower insulin sensitivity in pregnancy (OGTT at gestational week 29.9 ±
2.9) was related to an increased weight gain of the offspring in the first year of life.
The association was independent of maternal glucose tolerance and maternal BMI
values [47]. In the special Supplemental Nutrition Program of Women, Infants and
Children study, Ohio, the body weight and height values of the mothers were
measured in the first trimester of gestation. This BMI values were calculated and
used as “pre-pregnancy BMI values of the mother”. Maternal pre-pregnancy BMI
values were categorized according to WHO in underweight, normal weight,
overweight and obesity. Children were followed up at two, three and four years of
age (measurement of weight and height). The BMI values of the offsprings of prepregnancy obese mothers increased twofold at two years of age and 2.3fold at
three and four years of age [155]. A study of Mingrone et al. included n=51
offsprings of obese (BMI before and during pregnancy ≥ 30kg/m2) and n=15
offsprings of normal-weight mothers (BMI <25 kg/m2). No differences in birth
weights in the offsprings of normal-weight mothers before pregnancy and obese
mothers before pregnancy were observed. A higher prevalence of overweight and
obesity was seen in offsprings' later life, if the mother was obese during
pregnancy.

Maternal

overweight

was

related

to

insulin

resistance

and

hyperinsulinaemia of the offsprings in later life [94]. In the Northern Finnish Birth
Cohort 1986 the prevalence of overweight and abdominal obesity in 16-year-old
offsprings which were exposed to maternal prepregnancy overweight and
gestational diabetes mellitus (n=4.168) was calculated. The offsprings’ greatest
Odds Ratio (OR) for being overweight at 16 years of age was observed if mothers
were overweight before pregnancy and had gestational diabetes. A significantly
increased risk for the development of overweight at 16 years of age was observed
if the mother was overweight before pregnancy and had a normal OGTT during
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pregnancy [110]. The prevalence of the metabolic syndrome of 11-year-old
children (LGA: n=84; appropriate for gestational age (AGA): n=95) of mothers with
and without gestational diabetes mellitus (GDM) was studied by Boney et al. An
increased risk of the metabolic syndrome at 11 years of age in children which were
exposed to maternal obesity during pregnancy and without gestational diabetes
was observed .Boney et al concluded, that there are metabolic factors of mothers
without gestational diabetes that affect the foetal growth and postnatal outcomes
of the offsprings [8].
The observations of the UBCS and also data of the literature showed that the
maternal BMI before pregnancy is associated with offsprings’ BMI and
cardiovascular risk factors like fasting insulin concentration in later life. There
is evidence from the literature that this association is independent of maternal
glucose metabolism during pregnancy and is related to maternal BMI values
independent of a cut-off value.

Associations between gestational weight gain and perinatal programming of the
disposition against obesity and diabetes - Evidence from human studies
In the UBCS maternal weight gain during pregnancy was not related to offsprings’
fasting insulin concentrations at eight years of age. I hypothesize that the maternal
BMI values before and during pregnancy, and not the gestational weight gain, are
associated with cardiovascular risk factors of the offsprings in later life.
In the literature associations between excess maternal weight gain in pregnancy
and offsprings' overweight and obesity risk in later life were discussed [16, 87,
146]. It is assumed that gestational weight gain reflects the nutrient supply which a
developing foetus is exposed to [35]. Within a study of n=53 lean (BMI <25kg/m2)
and n=68 obese women (BMI >30kg/m2) the effect of maternal obesity on neonatal
body composition (weight, height, abdominal skinfold, calculated body fat and lean
mass) and cardiovascular markers (insulin resistance, leptin, Interleukin 6) was
analyzed. Gestational weight gain and increase in BMI during pregnancy were not
related to the foetal body fat [16]. A prospective study used data from the MaterUniversity Study of Pregnancy and its Outcomes (MUSP) to study the association
between maternal gestational weight gain and the BMI and blood pressure of the
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offsprings at 21 years of age. For a number of n= 2.432 mother-offspring pairs
self-reported gestational weight gain and measured weight, height and blood
pressure of the children at 21 years of age were available. A greater maternal
weight gain during pregnancy was associated with higher BMI values of the
offsprings at 21 years of life [89]. In a study of n=10.784 children, the German
national child health survey (age 3-17 years), an association between maternal
gestational weight gain and the overweight prevalence of the offsprings was
analyzed. Maternal gestational weight gain was self-reported and categorized into
quartiles. Children of mothers with a low and a high gestational weight gain were
found to be more likely to be overweight compared to children of mothers with an
average weight gain. Von Kries at al concluded that the observed association
between gestational weight gain and developed overweight in childhood and in
adolescents are results of “foetal programming”. It was suggested that foetuses of
mothers with a high gestational weight gain are exposed to an altered intrauterine
milieu [149].

In contrast to the results of the study of German national child health survey,
the UBCS did not identify associations between gestational weight gain and
health outcomes of the offsprings at eight years of age. I suppose that the
effect of gestational weight gain on offsprings obesity risk is generally smaller
than the effect of maternal obesity per se.
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4.5.4 Consequences of an altered intrauterine milieu on brain structures
involved in the regulation of energy metabolism and food intake
In the literature it was discussed that high maternal concentrations of glucose, free
fatty acids and amino acids could be associated with permanent changes in the
neuro-endocrine functions of the foetus. This could affect regions which are
involved in appetite control and energy metabolism. Altered functions in these
regulatory centres could increase the risk of becoming obese and for
cardiovascular diseases of the offspring in later life [35, 119].
Altered programming of satiety and hunger regulation in the structures of the
hypothalamus by the intrauterine milieu
The nucleus ventromedialis hypothalamus (VMN) and the area lateralis of the
hypothalamus (LHA) are localized in the hypothalamus and are involved in the
regulation of food intake, body weight and insulin secretion [119]. VMN stimulates
satiety signals and inhibits the secretion of insulin. Signals of hunger and insulin
secretion are promoted by the LHA. In utero foetal hyperinsulinaemia and also
hyperleptinaemia could result in a permanent alteration of the programming of the
neuro-endocrine and vegetative functional system. These alterations could affect
the hypothalamic centres VMN and LHA. Plagemann et al suggested that a foetal
and early postnatal overfeeding result in a hypoplasie and hypotrophy of the VMN
whereas the structure of LHA remains unaltered [120]. A functional dysbalance in
these two control centres could be the consequence and may have long time
effects on obesity disposition, metabolic and atherogenic risks [112]. This could be
the basic mechanism how perinatal hyperinsulinism results in a dysbalance
between these two regulatory centres with a hypofunction of VMN in relative
hyperfunction of LHA [120].
Plagemann et al tested the hypothesis that hyperinsulinism in foetal and early
postnatal life alter structures in the brain within an animal model. Rats were
treated with insulin. Insulin was applied subcutaneously. The offsprings showed a
hyperinsulinaemia in perinatal and prenatal life. Overweight, impaired glucose
tolerance and hyperphagia were also observed in offsprings [33, 34, 48, 49]. In a
second animal experiment insulin was applied directly into mediobasal
hypothalamus of newborn rats. The implant was placed neighbouring to VMN. The
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rats became obese at three weeks of age, developed an impaired glucose
tolerance,

an

increased

daily

mean

food

intake

and

lifelong

basal

hyperinsulinaemia [33]. Within animal studies using rats that were subcutaneously
treated with insulin right after birth the same alterations, hypotrophy and
hypoplasie of the VMN, were observed like in the offsprings of mothers with
gestational diabetes [33, 34, 48, 114].
Altered programming of orexigenic and anorexigenic neuropeptide expression by
altered intrauterine milieu
A further mechanism could be an altered expression of orexigenic and
anorexigenic neuropeptides in mediobasal hypothalamus induced by altered
intrauterine milieu [119]. Insulin and leptin are involved in the expression of
orexigenic and anorexigenic neuropeptides in the hypothalamus. Insulin stimulates
the expression of anorexigenic neurohormones and inhibits the expression of
orexigenic neurohormones. In a non fasting situation the expression of
neuropeptide Y (NPY) in LHA is inhibited by circulating insulin and leptin and the
anorexigenic neuropeptide Proopiomelanocortin (POMC) is expressed [61, 111].
In animal studies using overweight, overfed rats with hyperinsulinaemia and
hyperleptinaemia no suppression of NPY in a fasting situation was observed.
Plagemann et al suggest that there is a malprogramming of the hypothalamic NPY
system which was induced by overfeeding in critical period of early postnatal life
[117, 118]. Plagemann et al concluded that a perinatal hyperinsulinism may result
in a malprogramming of neuropeptidergic system with a functional and permanent
resistance against satiety signal leptin and against insulin (figure 25) [119].
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Figure 25. Regulation of hunger and satiation according to “normal” programming
of normal insulin values compared to altered programming of normal insulin values
in utero (adapted according to Plagemann et al. [107])
(VMN=

Nucleus

ventromedialis

hypothalamus,

LHA=Area

lateralis

hypothalami,

NPY=

neuropeptide Y, POMC= Proopiumelanocortin)

There is evidence from animal studies that an altered intrauterine
programming of normal insulin value could be associated with changes in the
area of hypothalamus, which are involved in regulation of body weight and
ingestion. These changes could be associated with a resistance against
satiation signals. This could have long life consequences on the BMI course
and insulin metabolism of a child.
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4.5.5 Intergenerational transmission of acquired characteristics
The above described modifications of the neuro-endocrine system may be passed
to succeeding generations. An epigenetic non-hereditary mode of transmitting of
acquired malprogrammed characteristics to the next generation is hypothesized
[112]. DNA and DNA methylation patterns are inherited during cell division by
daughter cells. This mechanism enables differentiated cells to transmit their
phenotype to the next generation of cells [19]. The perinatal acquired altered DNA
methylation status of receptors and/or neuropeptides which are involved in central
nervous regulatory systems could have long life consequences on the disposition
for being overweight, develop diabetes mellitus and cardiovascular diseases.
Results of an animal study gave support for this hypothesis. Offsprings (F1) which
were exposed to an adipogenic and diabetogenic disposition in utero developed
spontaneous gestational diabetes during their own pregnancies after mating with
normal males. In F2 generation a perinatal hyperinsulinism and an impaired
glucose tolerance in later life was observed. Same was observed in maternal-side
F3 generation [33, 34]. In accordance with Plagemann et al I assume that an
acquired disposition for an increased BMI in childhood and insulin resistance and
increase of cardiovascular markers like ApoB and RBP4 will be passed on to the
next generation. This disposition results in a higher BMI in women at child bearing
age. The offsprings of F2 generation are exposed to comparable conditions like
their mothers. This is described by Plagemann et al as non-hereditary, intergenerational transmission and multiplication of acquired dispositions [112].

Under the assumption that epigenetic modifications of genes and acquired
dispositions are transmitted into the next generation (according to Plagemann
et al.) this would mean for the children of the UBCS, that the children of
mothers with greater pre-pregnancy BMI values which may have been
exposed to an altered intrauterine milieu put their children to the same
conditions which they have experienced intrauterine. This is called intergenerational cycle.
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4.5.6 Summary of the association between maternal BMI before pregnancy
and a possible disposition of the child for diabetes and cardiovascular
diseases in later life
Figure 26 shows a biological model summarising the above described possible
explanations for the observed stronger intrafamilial association between maternal
and offspring fasting insulin concentrations within the 8 year follow-up of the
UBCS.

Figure 26. Possible long time consequences of high maternal pre-pregnancy BMI
values on endocrine and metabolic mechanisms of the offspring
(BMI, Body Mass Index)

•

Higher maternal BMI values at conception are associated with higher BMI
values during pregnancy and with an altered intrauterine milieu which the
foetus is exposed to

•

Greater maternal BMI values before and during pregnancy are associated
with higher nutrient supply for the foetus

•

Higher amount of nutrients could promote epigenetic modifications of genes
which are involved in nutrient supply of the foetus (transport genes)

•

An epigenetic modification of such genes could promote a greater nutrient
supply to the foetus
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•

Nutrients pass the placenta and glucose stimulates the foetal pancreas

•

Higher concentrations of nutrients which passes the placenta stimulates the
foetal pancreas in a stronger way

•

During critical time periods, elevated insulin concentrations might
programme a long-life elevated normal level of insulin in the hypothalamus

•

The hypothalamus is also involved in regulation of food intake and body
weight

•

Higher insulin concentrations during critical time frames could result in an
altered programming of orexigenic and anorexigenic neuropeptide which
affect long-life food intake

•

The programming of a higher normal insulin value in hypothalamus of the
foetus causes a higher insulin secretion according to the level of glucose as
stimulus in later life

•

Elevated insulin concentrations of a child in early life could have long-life
consequences for the weight development and cardiovascular risks in later
life

•

An intergenerational transmission of acquired dispositions into the next
generation is assumed

•

This seems that the females of the next generation will be affected like their
mothers by higher nutrient supply in the womb and also underlie an altered
intrauterine programming of normal insulin value

•

A maternal genetic impact on offsprings' BMI and insulin concentration is
also supposed

119

Discussion

4.6 BMI course of the children in childhood depending on the concentrations
of fasting insulin concentration at eight years of age
In the UBCS the BMI values of the children at birth were not related to the fasting
blood concentrations of insulin at eight years of age. Within the multiple regression
analysis, this observation could be confirmed. Children’s BMI values at three, six
and eight years of age were strongly associated with fasting blood concentrations
of insulin at eight years of age. Marginally weaker associations were identified
between BMI values of the children at one, two and four years of age and the
fasting blood concentrations of insulin of the children at eight years of age. Within
the multiple regression analysis, it could be confirmed that the BMI values of a
child at the age of one and eight years as significant predictors of the insulin
concentration in a child at the age of eight. It is possible that hyperinsulinaemia
and reduced insulin sensitivity in childhood are a result of obesity but it is also
possible that these factors contribute to the development of obesity [41]. I suggest
that higher insulin concentrations in early childhood result in an aberrant BMI
course since birth. I tested the hypothesis comparing the BMI course of children
with a normal fasting insulin concentration at eight years of age (<85th internally
calculated percentile=reference group) with the BMI course of children with
elevated fasting insulin concentrations at eight years of age (≥85th internally
calculated percentile). Children with elevated fasting insulin concentrations at eight
years of age showed an altered BMI course compared to children of the reference
group. The differences in the BMI course between the two groups established at
children’s age of one year. The mean BMI values of the children with elevated
fasting insulin concentrations at eight years of age were generally higher
compared to mean BMI values of the children of the reference group. The
differences between the BMI values between the two groups became stronger at
six years of age. The greatest difference in the mean BMI values between the two
groups of children was seen at eight years of age.
Several studies gave support to my hypothesis of higher fasting insulin
concentrations of a child during childhood being associated with higher BMI values
in later life [76, 77, 99, 103]. In the ALSPAC birth cohort study a number of n=851
eight-year-old children were examined within a follow-up. Anthropometric
parameters and a venous blood sample of the children were collected. The

120

Discussion

concentrations of fasting insulin, glucose and insulin precursors were measured.
The HOMA-index concentrations were calculated as measure of insulin sensitivity.
Data of weight and height of the children at birth and at three years of age were
available. Children with a weight gain greater than 0.67 SD (standard deviation)
score were categorized as children who showed “catch up growth”. As observed in
the UBCS, within the ALSPAC study no significant association between the BMI
value of a child at birth and the insulin concentration at eight years of age was
seen. As in the UBCS the current BMI of the child was significantly related to the
insulin secretion of the child at eight years of age. The current BMI values of the
children and the fasting insulin concentrations at eight years of age were
associated with early postnatal weight gain. Postnatal catch up growth was
significantly related to larger BMI values and lower insulin sensitivity of the children
at eight years of age. Within the ALSPAC, children with the lowest insulin
sensitivity (the 10% with the lowest insulin sensitivity) at eight years of age showed
an altered weight gain during childhood in comparison to children with the highest
insulin sensitivity (the 10% with the highest insulin sensitivity) at eight years of age
[103]. In the EYHS the weight, height, skin fold thicknesses and fasting blood
concentrations of glucose and insulin were measured in n=659 Swedish and
Estonian children at nine and 15 years of age. Higher changing rates of the BMI
values from nine to 15 years of age were associated with higher HOMA-Index
concentrations (calculated using data of fasting blood concentrations of insulin and
glucose as measure of insulin resistance) at 15 years of age. The association
remained significant if overweight children were excluded from analysis. The BMI
values of the children at nine years of age were not associated with the change of
the HOMA-Index concentrations from childhood to adulthood. Labayen et al
suggested that lower insulin sensitivity in childhood is a predictor of an increased
risk for adiposity in adolescence [76]. In a study of prepubescent children of the
Pima Indian population the fasting blood concentrations of insulin of the children at
baseline examination (5-9 years of age, n=328) and nine years later (age 15-19
years) were measured. The analysis included only children with normal glucose
concentrations. The fasting blood concentrations of insulin at baseline examination
were positively associated with changes in relative weight and skin fold thickness
of triceps from baseline to follow-up. It was concluded that hyperinsulinism in
prepubescent age is a predictor of obesity in young adulthood [99]. It is known that
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the population of Pima Indians have a high genetically determined risk for the
development of obesity and diabetes mellitus. The analysis however included only
children with normal blood glucose concentrations. Within a study of Caucasian
and African American children the influence of fasting insulin concentrations at
baseline examination (8.1 ± 1.6 years) on changes of percentage of body fat was
analyzed. The fasting insulin concentration and the percentage of boy fat (dual
energy x-absorptiometry, DXA) at baseline and at 3-6 annual visits were measured
in a number of n=137 children. Positive associations were identified between the
insulin concentrations at baseline examination and increase in fat mass over time.
This association remains significant after adjustment of the amount of body fat
mass at baseline examination. Higher changes in the fasting insulin concentrations
between the follow-ups were positively associated with greater increase in fat
mass over time. The greatest increase in fat mass per year was observed in
children with the greatest change of insulin concentration per year. Higher initial
fasting insulin concentrations predicted greater fat gain [58]. Within the Stockholm
Weight and Pregnancy Development Study, a prospective cohort study, a number
of n=128 singleton born children were followed from birth to 17 years of age.
Weight and height of the children were measured at birth and at 17-year follow-up.
At the 17-year follow-up a blood sample (the concentrations of insulin, glucose,
HDL, triglyceride were measured) was taken. A higher percentage of children
showed rapid weight gain (change in weight SD greater than 0.67 SD) during the
first six months of life than during early childhood (3-6 years). Positive correlations
were observed between children’s weight gain during the first six months of life
and the insulin concentrations at 17 years of age. Moderate correlations were
seen between the current BMI values and the insulin concentrations of the children
at 17 years of age [38]. Within Diabetes and Environment around the Baltic Sea
(DEBS) study (a case-control study) an association between early childhood
weight gain (before diagnosis) and the development of diabetes type 1 (whole
sample: n=316, age: 0-16 years) was studied. An increased weight gain in
childhood was associated with the development of diabetes type 1 of children.
Children who developed diabetes type 1 showed a greater change of BMI values
between the ages of five and 13 years. For children who developed diabetes type
1 after five years of age a higher BMI at five years of age was the strongest risk
factor for developing type 1 diabetes. It was hypothesized that an increased weight
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gain demands for insulin. This might promote an increased beta-cell antigen
presentation. The observed greater change of BMI values between the age of five
and 13 years is a support of the hypothesis that insulin resistance increases with
increasing BMI values [85]. It has to be considered that the development of
diabetes type 1 is dependent on genetic background and environmental factors. In
comparison to the DEBS study, in the UBCS and previously described studies only
healthy children (without diabetes mellitus type 1) were examined. The association
between BMI and insulin resistance could be different between children with
diabetes mellitus type 1 and “healthy” children.

The observations of the described clinical studies gave support to my
hypothesis that a higher fasting insulin concentration of a child in childhood is
associated with an altered BMI course since birth. It is possible, that higher
fasting insulin concentrations of the children in early life predict greater weight
gain and BMI values in later life.
Associations between time of adiposity rebound and the fasting blood
concentrations of insulin of the children at eight years of age
a) BMI course
After birth the BMI values of the infants increase. At one year of age children
reached the greatest BMI values. In following years the BMI values decrease and
reach the lowest level between the ages of four and eight years. The upward trend
in BMI after its nadir is called adiposity rebound. The BMI values increase after
reaching adiposity rebound [21]. Rolland-Cachera et al. observed that children
with an adiposity rebound at three years of age are more likely to be obese in later
life. An adiposity rebound at six years of age corresponded to normal weight in
later life [127]. Like Rolland-Cachera also Chievers et al identified an early
adiposity rebound as risk factor for later overweight and obesity [21]. Within The
Western Australian Pregnancy Cohort (Raine) Study a number of n=2.868 liveborn children were followed-up after birth at 1, 2, 3, 6, 8, 10 and 14 years of age.
To create a longitudinal model of BMI course from birth to 14 years of age only
data of children with a BMI value at 14 years were included (n= 1.403). In a
subgroup (n=173; data of BMI at each follow up were available) the age of
adiposity rebound was calculated. For normalweight children an adiposity rebound
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at 5.3 years and for overweight children an adiposity rebound at 3.8 years was
identified. They observed that the higher the BMI at one year of age, the earlier the
age of adiposity rebound [21]. In the STRIP study n=1.062 infants at seven
months, n=1.056 mothers and n=983 fathers participated in the baseline
examination. Children of the intervention group were examined in intervals of one
to three months up to two years of age und two times per year up to the age of 13
years. Children of the control group were examined two times per year up to the
age of seven and once per year up to the age of 13. In a sample of n=541 children
data of BMI values of the children at 13 years of age were available and were
used for statistical analysis. The weight status of the children at 13 years of age
was categorized: normalweight (<21.91 kg/m2 for boys, < 22.58 kg/m2 for girls)
and overweight (>21.91 kg/m2 for boys, >22.58 kg/m2 for girls). No group
differences of the weight and height values at birth were observed between the
two groups. Overweight girls (13 years of age) showed a mean weight gain of 2.8
kg during the third and fourth year of life. The mean weight gain increased up to
7.5 kg through the 12th year of life. In comparison to these observations the mean
weight gains of normalweight girls during the same periods amounted to 2.1 and
4.8 kg. Overweight girls had an adiposity rebound at an earlier age compared to
normalweight girls. Similar results were obtained for boys. The results of the
STRIP study showed that the weight development of overweight adolescents differ
from weight development of normalweight adolescents [78].
In the UBCS higher BMI values of the children at one year of age were positively
associated with higher concentrations of insulin level at eight years of age (crude
and adjusted). Chievers et al. found that the higher BMI at one year of age the
earlier the adiposity rebound [21]. Children with an early adiposity rebound
showed an earlier increase in BMI in childhood compared to children with an
adiposity rebound within normal age range. The time of adiposity rebound is
known to be one important risk factor for the development of overweight and
obesity and overweight associated metabolic diseases in later life [21]. The
calculation of the adiposity rebound of the children who participated in the UBCS
was not possible because of the lack of measured/reported weight and height
values of the children at five years of age. However I hypothesize that children
with elevated insulin concentrations at eight years of age had an earlier adiposity
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rebound compared to the children with normal insulin concentrations at eight years
of age. A comparison of the BMI courses of the children with normal and elevated
insulin concentrations support this hypothesis. The greatest difference in the mean
BMI values between the two groups of the children was seen at six and eight
years of age. This could be a result of an earlier adiposity rebound of the children
with elevated insulin concentrations at eight years of age. Chievers et al concluded
that a higher BMI value at one year of age is associated with an earlier adiposity
rebound [21]. The BMI courses of the two groups of children (normal versus
elevated insulin concentrations) within the UBCS showed that the first significant
differences of mean BMI values exist at one year of age. I hypothesized that the
children of the UBCS with elevated insulin concentrations at eight years of age
have an earlier adiposity rebound as a result of higher BMI values at one year of
age (according to Chievers et al. 2009 [21]. Additionally, I suggest that the
differences in mean BMI values between the two groups of children will become
stronger at pubertal age. A tracking of the achieved BMI into adulthood is
suggested.

In several literature sources it was shown that overweight adolescents had an
altered BMI course with an earlier adiposity rebound since birth in comparison
to normalweight adolescents. The BMI value of a child at one year of age
seems to be one important determinant for the time adiposity rebound takes
place and for BMI values in later life. The described studies showed, as the
UBCS, that children with greater BMI values at school age showed an altered
BMI course since birth.
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4.7 Associations between breastfeeding and cardiovascular risk factors of
the offspring at eight years of age – a comparison with data found in
literature sources

4. 7.1 Associations between breastfeeding and BMI values of the children
during childhood
Human milk is the natural and adequate nutrition for infants until six months of life
[64]. A high percentage of children of the UBCS were breastfed (94%). In the
UBCS, the BMI values of the breastfed children at two years of age were
significantly lower compared to those of the non-breastfed children. The mean BMI
values of the children at 1, 3, 4, 6 and 8 years of age were not different between
breastfed and non-breastfed children. In contrast to these findings a longer
duration of breastfeeding and exclusive breastfeeding was associated with a lower
mean BMI value of the child at one and eight years of age.
Already in 1981 Kramer et al postulated an association between early nutrition and
obesity in later life. A number of n=1.172 12-18 years old adolescents were
anthropometrically examined (weight, height) and categorized as non-obese,
obese and overweight. An increased obesity risk was observed for 12-18 years old
adolescents if they had not been breastfed. The protective effect of breastfeeding
against the development of obesity persisted also after controlling for confounders
(family history, demographic data). The risk for developing obesity increased with
shorter duration of breastfeeding [70]. Within routine health examination the weight
and height of n=134.577 children (5-6 years of age) of Bavaria, Germany, were
measured. BMI values of the children were calculated and used to categorize the
weight status of the children (overweight: BMI above the 90th centile; obesity: BMI
above the 97th centile). The parents were asked to fill in a parent questionnaire
including the question if the child was breastfed and for how long. A clear dosedependent effect of the duration of breastfeeding on the prevalence of being
overweight or obese was found [150]. The impact of breastfeeding and
breastfeeding duration on the prevalence of overweight and obesity of the children
of the UBCS at two years of age was studied and published. The OR for
overweight (BMI above the 90th centile) was lower in children who were breastfed
for at least 6 months (OR: 0.4) in comparison to children who were breastfed for
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less than three months [153]. In a quantitative review of Owen et al 70 studies
were used to look for evidence that breastfeeding reduces the prevalence of
overweight of a child in later life. The difference in mean BMI between breastfed
and formula fed children was -0.08 kg/m2. The observed protective effect of
breastfeeding on children’s BMI values was higher in small studies (<1000
subjects) and lower in larger studies (≥1.000 subjects). In 28 studies the overall
OR for obesity (mostly based on 95th or 97th percentile of BMI distribution) was
0.87. Owen et al concluded that there is a small difference in BMI between
breastfed and non-breastfed children. But Owen et al assumed that this is based
on population bias and confounding factors [104]. Another review and
metaanalysis with the focus on the identification of a protective effect of
breastfeeding on later obesity risk observed an attenuated or nullified effect if the
analyses were adjusted for confounder factors [15].
The described clinical studies analyzed the effect of breastfeeding on the
prevalence of overweight or obesity [71, 150, 153]. In comparison to these studies
I analyzed the effect of breastfeeding on mean BMI values of the children at
different ages. Breastfed children showed a lower mean BMI value at two years of
age compared to non-breastfed children. But this association was only significant
at two years of age and the difference in mean BMI value was very small. As
observed by the UBCS the systematic review of Owen et al found only a small
protective effect of breastfeeding on the BMI values of a subject [104]. I
hypothesized like Owen et al that the observed protective effect of breastfeeding
on prevalence being overweight or obese within clinical studies is based on
confounding factors that are associated with overweight and obesity.

A protective effect of breastfeeding on the prevalence of overweight or obesity
in later life was described in literature sources. In the UBCS there was only a
very small negative association between the breastfeeding duration and BMI
values of the children.
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4.7.2 Associations between breastfeeding and cardiovascular risk factors in
fasting blood of eight-year-old children
The mean fasting blood concentration of insulin of the children at eight years of
age were lower for breastfed compared to non-breastfed children. Additionally
weak negative associations between the duration of breastfeeding and the fasting
insulin concentrations of the children at eight years of age were identified. Within
the multiple regression analysis, breast feeding could not be confirmed as a
significant predictor of the insulin concentration in a child at the age of eight.
A weak association was observed between the breastfeeding duration and the
fasting blood concentrations of leptin of the children at eight years of age. Within
the multiple regression analysis, breast feeding could be confirmed as a significant
predictor of the insulin concentration in a child at the age of eight.
In a study of adults who were born around the time of Dutch Famine (1943-1947)
data about infant feeding and one fasting blood sample were available for a
number of n=625 adults. The concentrations of insulin and pro-insulin were
measured in the fasting blood samples. Bottle-fed subjects had higher fasting
insulin and pro-insulin concentrations compared to exclusively breast feeding
[123]. Within a systematic review and meta-analysis the associations between
infant feeding and insulin-glucose concentrations and diabetes mellitus type 2
were studied. Of the 39 studies, thirteen investigated the association between
infant feeding and insulin concentrations in later life. Seven studies examined a
number of n=291 infants and six studies examined n=4.800 adults and children
without diabetes. Breastfed children had lower insulin concentrations compared to
formula-fed children. It was concluded that breastfeeding in infancy was
associated with lower serum insulin concentrations in infancy and marginally lower
insulin concentrations in later life. Breastfed children have 3% lower insulin
concentration than formula-fed children [105].
The described studies showed, as the UBCS, that formerly breastfed children
showed lower insulin concentrations in later life.
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Biological plausibility of an association between breastfeeding and insulin
concentrations in later life
Three possible explanations for the observed associations between breastfeeding
and the fasting insulin concentrations of the children at eight years of age within
the UBCS will be discussed subsequently:
1. Early protein hypothesis
The composition of breast milk and infant formula differ. It is hypothesized that
these differences could play a role in the programming of obesity risk in later life
[67]. Human milk contains a lower percentage of protein compared to formula
nutrition. The protein supply is 55-80% higher in formula fed infants compared to
breastfed infants [2]. Literature sources describe a promoting effect of high protein
intake in infancy on overweight. The hypothesis is called “Early protein hypothesis”
[69]. The hypothesis is based on data of epidemiological studies which found that
an earlier adiposity rebound and a higher BMI value of a child in childhood was
associated with a high protein intake in early childhood [55, 126, 131]. In figure 27
the possible physiological mechanism behind the “early protein hypothesis” is
demonstrated. A high protein intake increases the concentrations of circulating
amino acids. Amino acids stimulate the insulin secretion and the secretion of
growth hormones. The level of growth hormones stimulates the secretion of insulin
like growth factor 1 (IGF 1) [68]. Both insulin and IGF1 are known to increase
adipocytes’ activity [69] and are related to an increase in fat mass.

Figure 27. Possible mechanism of the “Early protein hypothesis“
(IGF 1, insulin growth factor 1)
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A higher protein intake of formula fed children (non-breastfed) may increase the
insulin secretion in early life (according to the early protein hypothesis). I
hypothesized that higher insulin concentrations are tracked from early up to
prepubescent age. This could be one explanation for the observed marginally
lower insulin concentrations of the not breastfed children in the UBCS at eight
years of age compared to the children who were breastfed.
2. Role of poly unsaturated fatty acids on insulin receptors
Human milk contains an adequate supply of poly unsaturated fatty acids (PUFA)
for a child. PUFAs are essential for the brain and growth development of a child
[27, 28]. Insulin receptors in the brain are important for the control of insulin
secretion and carbohydrate metabolism [27]. Breastfed children receive an
adequate supply of PUFAs. It is possible that this leads to an adequate number of
insulin receptors in the brain to maintain a normal glucose tolerance [28]. I
hypothesized that non-breastfed children or children with lower breastfeeding
duration have a lower number of insulin receptors in the brain compared to
breastfed children.
3. Confounders of breastfeeding
Owen et al concluded within a systematic review that maternal BMI, maternal
socio economic status and maternal smoking are three important confounders of
breastfeeding [104]. It is possible that a mother with a greater BMI before and/or at
the end of pregnancy does not breastfeed her child. Assuming the hypothesis that
higher maternal BMI values before pregnancy are associated with an altered
programming of insulin concentrations of the offsprings (see chapter 4.5) in later
life, the observed higher fasting insulin concentrations of non-breastfed children
might be associated with a higher rejection of breastfeeding of mothers with
greater pre-pregnancy BMI values.

130

Discussion

Biological plausibility association between breastfeeding and fasting blood
concentrations of leptin of the eight-year-old children
In the UBCS a longer duration of breastfeeding was associated with lower leptin
concentrations of the children at eight years of age.
The concentrations of leptin of human milk underlie physiological changes during
the period of breastfeeding. The leptin concentration in colostrum is higher than in
the transitory milk [86, 130]. Leptin is a key enzyme of the saturation. It signals the
amount of the body's energy reserves. The serum leptin concentrations are
significantly higher in breastfed infants in comparison to formula fed infants [161].
It is possible that the leptin concentration in breast milk and the changes in leptin
concentration during lactation are necessary for the “normal” programming of the
long-term leptin-dependent feedback mechanism between body fat stores and
leptin secretion. Formula milk does not contain leptin in comparison to breast milk
[161]. There may be an altered programming of the leptin dependent feedback
regulation for formula fed infants. I hypothesized that breastfeeding and also the
breastfeeding duration are associated with a normal programming of leptin
dependent feedback regulation between body composition and leptin secretion. It
is possible that this physiological feed-back mechanism was possibly not
adequately trained in formula fed infants. This could lead to a higher leptin
concentration in the blood of formerly formula fed infants then of formerly
breastfed children in the long term.
An altered programming of leptin dependent feedback-regulation for children
with no or short duration of breastfeeding could be one explanation for the
observed lower leptin concentrations of children of the UBCS with a longer
breastfeeding duration.
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4.8 Parental smoking and its associations with cardiovascular risk factors of
the offspring at eight years of age
The UBCS collected data of paternal and maternal smoking habits at the single
follow-ups of the study. The concentration of the biomarker cotinine which is a
degradation product of nicotine (content of tobacco smoke) was measured in the
umbilical cord blood sample. The concentration of cotinine in a biological sample is
the best indicator of tobacco smoke exposure [108].
Associations between maternal smoking before and during pregnancy and BMI
values of the offsprings at eight years of age
No association between maternal smoking before pregnancy and offsprings’ BMI
values at eight years of age were found in the UBCS. In the prospective cohort
study of pregnant women (n=746) and their offsprings in the USA (Project Viva)
data of smoking habits of the mother before and at the second trimester of
pregnancy were collected. Offsprings’ weight, height and skin fold thickness
(subscapular and triceps) at three years of age were measured. The
anthropometric parameters of the offsprings at three years of age were not
different between children of mothers who had smoked before pregnancy and
children of mothers who had not smoked before pregnancy [100].
The UBCS found that children whose mothers had smoked during pregnancy
showed higher BMI values at eight years of age compared to children of non
smoking mothers during pregnancy. Just like the UBCS other studies found higher
BMI values of the children whose mothers had smoked during pregnancy in later
life compared to children of non smoking mothers during pregnancy [36, 82, 100,
121]. Within the Project Viva (the design of the study was described in a previous
section) the weight and skin fold thicknesses of children at three years of age was
higher if mother had smoked in early pregnancy. The children were not shorter at
three years of age, if the mother had smoked during early pregnancy [100]. In the
British birth cohort 1958 study the association between maternal smoking during
pregnancy and anthropometric parameters of the offsprings in later life was
studied. Recruited children were followed-up at 7, 11, 16, 23 and 33 years of age.
The weight and height values of the participants were measured at 7, 11, 16 and
33 year follow-up. Weight and height values of the participants at 23 years of age
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were self reported. Complete data sets of weight and height values were available
for n=2.918 men and n=2.921 women. At baseline examination maternal smoking
during pregnancy was asked within a questionnaire. A high percentage of mothers
reported smoking after the fourth month of pregnancy (33.5%). Offsprings of
mothers who had smoked during pregnancy had higher BMI values at 7 (only
boys), 11, 16, 23, and 23 years of age compared to children of non-smoking
women. The risk for a child to be in the highest BMI deciles at 11 and 16 years of
age was increased if the mother had smoked during pregnancy compared to
children of mothers who had not smoked during pregnancy [121]. In the
Generation R Study (Netherlands), a population-based prospective cohort study
(n=5.342), the associations between maternal and paternal smoking during
pregnancy and early growth characteristics of the offsprings were analyzed. The
height, weight and head circumference values of the children were measured at 1,
2, 3 and 4 years of age. Offsprings whose mothers continued smoking during
pregnancy had higher BMI values at four years of age compared to offsprings of
non-smoking mothers. This association was also observed in analyses including
only children with a normal birth weight and in analysis including children who
were born small for gestational age [36]. In the ALSPAC study the association
between parental smoking during pregnancy and BMI values of the offsprings at
10 years of age was studied. Using a questionnaire parental smoking habits during
pregnancy were asked. A number of n=6.470 children of the study were examined
at the clinic and a number of n=6.160 children underwent a Dual-energy X-ray
absorptiometry (DXA). Complete data sets with data on maternal smoking and
DXA variables were available for a number of n= 5.589 children. Data of maternal
smoking during pregnancy was dichotomized into two groups: smoking in the first
and smoking in the second trimester. An increase in offsprings’ BMI and fat mass
at 10 years of age was seen, if their mothers had smoked during pregnancy. This
association was not dependent on the time period (first / second trimester) of
maternal smoking during pregnancy [82]. In a study of pregnant women and their
offsprings (n=530), in Norway and Sweden, the associations between maternal
smoking during pregnancy and anthropometric parameters of the children in the
womb (ultrasound measurement in utero: foetal biparietal diameter, mean
abdominal diameter, femur length), in the first year of life and at five years of age
was studied. Anthropometric parameters (BMI, ponderal index, skin fold thickness
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of the triceps and subscapular) of the offsprings were taken at birth, at 6 and 13
months of life and at five years of age. The birth weight and length values of the
children were lower in children of smokers compared to children of non smokers.
The analysis of the ultrasound measurement indicated a growth retardation of the
children whose mothers had smoked during pregnancy. It was concluded that the
growth retardation took place in the second half of pregnancy. Offsprings whose
mothers had smoked during pregnancy had a higher skin fold thickness and a
higher ponderal index at five years of age compared to children of non smokers
during pregnancy [147].
There is evidence from literature sources that maternal smoking during
pregnancy is associated with an altered body composition (greater BMI values
and fat mass) of the offspring in later life. These observations support the
findings of the UBCS.

Associations between active parental smoking and BMI values of the offspring at
eight years of age
a) Self-reported parental smoking
As in the UBCS, further German studies [122, 148] and a West Australian study
[14] researched the association between active parental smoking near the
offsprings during childhood and the BMI values of the children. A German cohort
investigated the association between parental smoking and the prevalence of
overweight in six-year-old children (n=1.954). Smoking habits of the parents were
asked within a questionnaire. The prevalence of overweight in six-year-old children
was higher if mothers smoked before and during pregnancy. Only maternal
smoking during the first and sixth year of offsprings’ life was positively associated
with a greater overweight prevalence in offsprings at six years of age. The
prevalence of overweight in the offsprings at six years of age was not significantly
affected by paternal smoking [122]. In the health monitoring units of Bavaria,
Germany,

a

number

of

n=5.899

children

(5.8

years

of

age)

were

anthropometrically examined. The current parental smoking habits were asked
within a parent questionnaire. Active maternal smoking before and during
pregnancy was asked retrospectively. Active smoking of the mother before or
during pregnancy and current active maternal smoking increased the prevalence
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of overweight and obesity in the offsprings at six years of age. The prevalence of
overweight among the offsprings at six years of age was not significantly affected
by paternal smoking [148]. In a study (cross-sectional) of 10-12-year-old children
(n=800) in West Australia the association between parental smoking and
cardiovascular diseases of offsprings in later life was researched. The height,
weight, waist and hip circumference and skinfold thickness of the triceps and
subscapular of the children were measured. Parental smoking was asked in a
questionnaire. The parents were asked to classify themselves as never smokers,
ex-smokers or current smoker. Current maternal smoking at the examination was
associated with higher BMI values, skin fold thickness subscapular, waist-to-hip
ratio and percentage of body fat of the offsprings [14].
There is evidence from the literature that active maternal smoking in the
environment of the child is associated with higher BMI values of these children
compared to children of non smoking mothers. Similar results were obtained
within the UBCS.

Most epidemiological studies focused on the effect of maternal smoking on
offsprings' body composition in later life. The role of active paternal smoking on
offsprings’ body composition is less researched. As in the UBCS, also in a
Chinese birth cohort, an analysis of health monitoring units in Bavaria (Germany)
and in the ALSPAC study an effect of paternal smoking on offspring BMI values
[11, 75, 82, 100, 148] at prepubescent age was identified. In the Hong Kong
Chinese birth cohort study (number of participants at baseline examination
n=8.327) the association between second hand smoking (SHS) and BMI values of
the children at seven and eleven years of age was researched. Data about
maternal smoking and SHS exposure during pregnancy were asked. Additionally,
parental smoking and SHS exposure in the household was asked. The weight and
height values of the children at seven and eleven years were measured. The ageand gender-specific BMI z scores relative to WHO growth references were
calculated. Higher BMI z scores at the ages of seven and eleven were observed in
the group of children who were exposed to daily paternal smoking compared to
children with no prenatal and no postnatal second hand smoke [75]. In the health
monitoring units of Bavaria, Germany, a significantly higher overweight and
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obesity prevalence in the children at six years of age was observed, if the father
reported current active smoking [148]. In the ALSPAC study the association
between parental smoking during pregnancy and BMI values of the offsprings at
10 years of age was researched. In a questionnaire parental smoking habits
during the pregnancy were asked. A number of n=6.470 children were examined
at the clinic and a number of n=6.160 children underwent a DXA. Complete data
sets with data on maternal smoking and DXA variables were available for a
number of n= 5.589 children. Children whose mothers as well as their fathers had
smoked during pregnancy showed higher fat mass at 10 years of age compared to
unexposed children. Only slight differences between the effect of paternal smoking
during the partner’s pregnancy and maternal smoking on anthropometric
parameters of the offsprings at 10 years of age were observed [82]. In the
Generation R Study (Netherlands), a population-based prospective cohort study
(n=5.342), the association between maternal and paternal smoking during
pregnancy and early growth characteristics of the offspring was analyzed. The
height, weight, head circumference values of the children were measured at 1, 2, 3
and 4 years of age. Analyses investigated the impact of active paternal smoking. If
the mother reported non smoking, no significant association between active
paternal smoking and offsprings’ growth characteristics was found [36].

Additionally to maternal smoking habits also paternal smoking habits are
associated with the body composition of the offsprings in later life. The role of
paternal smoking on offsprings body composition has scarcely been
investigated.
b) Cotinine as biomarker of nicotine exposure
In the UBCS, on top of to the self reported data of parental smoking the
concentration of cotinine, a biomarker of smoke exposure, was measured in the
umbilical cord blood sample (collected at the baseline examination). The
concentrations of cotinine in the umbilical cord blood were positively associated
with the BMI values of the offsprings at eight years of age. This positive
association strengthens the observed association between parental smoking
during pregnancy (asked via questionnaire) and BMI values of the offsprings at
eight years of age. A positive association between the cord blood concentrations
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of cotinine and BMI values of the offsprings in childhood was also observed within
the Health Outcomes and Measures of the Environment study [11]. In the Health
Outcomes and Measures of the Environment study, USA, (n=398 mothers and
children) the effects of prenatal environmental tobacco smoke exposure on BMI
values of the offsprings in early childhood were analyzed. Data about maternal
active tobacco smoke and about second hand smoking for two periods
(conception until 20th week of pregnancy; 20 week of pregnancy until child’s birth)
were collected. A blood sample of the mother was taken at 16th and 26th week of
gestation and 24 weeks after delivery. The concentration of cotinine as a
biomarker of nicotine exposure was measured in the blood samples. Data of
offsprings’ weight and height values at birth, at 4 weeks, at 1, 2 and 3 years of age
were measured. Children who were exposed to second hand smoke (indicated by
serum cotinine concentration) showed greater BMI values at two and three years
of age than children unexposed to nicotine. A weaker association was found
between self reported second hand smoke exposure and BMI values of the
children at two and three years of age [11].

Parental smoking is possibly associated with the body composition of the
offsprings in later life. It is possible that the strength of the impact of maternal
and paternal smoking on offsprings’ body composition is varying in different time
periods during offspring development.

c) Summary
To sum up the findings, the UBCS showed a stronger association between active
maternal smoking during pregnancy and at 1 and at 2-year follow-up on offsprings'
BMI values at eight years of age compared to active paternal smoking at these
three time points. Active paternal smoking at the 3- and 8-year follow-up of the
UBCS was more strongly associated with the BMI values of the offsprings at eight
years of age than active maternal smoking at these two time points. Active
maternal smoking in foetal and early postnatal time period of offsprings' lives
seems to be one determinant for the body composition of the offsprings at
prepubescent age. But active paternal smoking near the offspring in later life
seems to be a stronger determinant for offsprings' body composition at
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prepubescent age. Toschke et al concluded that the association between maternal
smoking in early pregnancy and offsprings' health outcomes could be a result of
direct metabolic effects of nicotine [146]. I assumed that direct metabolic effects of
nicotine may have life-long consequences on BMI values of the offsprings. During
pregnancy the foetus is connected only to the mother via the umbilical cord and
the placenta. After delivery, there also is a strong relationship between mother and
child, because she is breastfeeding or bottle-feeding her child. With increasing age
of the child the impact of paternal factors on offsprings' development is getting
stronger. I hypothesize, as did von Kries et al., that paternal smoking is a
surrogate marker of behavioural factors which are associated with obesity [148],
comparable to low physical activity and high TV/PC consumption. The fathers and
their behaviours may be acting as a model for their offsprings in childhood. The
greater BMI values of children of actively smoking fathers could be affected by
adopting these habits associated to overweight from the father.
Associations between parental smoking habits and cardiovascular risk factors of
the offsprings at eight years of age
In the UBCS it was observed that in comparison to children of non smoking
fathers, children of active smokers had higher fasting insulin concentrations at
eight years of age. Higher fasting blood concentrations of RBP4 and leptin were
also seen in children if the father reported active smoking in the early childhood of
the offspring. Maternal smoking was not associated with the cardiovascular risk
factor concentrations in the fasting blood of the offsprings at eight years of age
(with exception of leptin). This observation is not in line with the observed
significant association between the umbilical cord blood concentrations of cotinine
and fasting blood concentrations of insulin and adiponectin in the children at eight
years of age. The measured concentrations of cotinine in the umbilical cord blood
could reflect maternal and paternal smoking exposure of the child during gestation.
To my knowledge no human study investigated the associations between parental
smoking and cardiovascular factors in the fasting blood of offsprings. Observations
of animal studies are quoted below to give possible explanations for the observed
associations within the UBCS.
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In an animal study, female Wistar rats were exposed to nicotine during pregnancy
and lactation. A possible consequence of nicotine exposure on offsprings' glucose
tolerance (at postnatal day one, at 7 and at 26 weeks of life), on concentrations of
insulin and glucose in vein blood samples and on beta cell apoptosis was
analyzed. Increased fasting blood concentrations of insulin were observed in rats
which had been exposed to nicotine in utero at their 26th week of life. Additionally,
impaired glucose homeostasis and higher insulin concentrations in response to
glucose were seen. In the group of offsprings that had been nicotine-exposed in
utero higher levels of apoptosis in pancreatic cells were found. It was suggested
that there are metabolic changes which are induced by nicotine. These changes
were associated with the onset of diabetes mellitus type 2. Within this animal
model dysglycaemia precedes obesity. It was assumed that the metabolic
changes underlie a beta cell effect and were not an effect of obesity. The beta cell
defect could be the reason for subsequently observed postnatal obesity and
dysglycaemia of the animals. It was suggested that nicotine may induce apoptosis
and increase the oxidative stress of the foetal beta cells. A further possible
mechanism could be a nicotine mediated inhibition of the insulin secretion by
interaction with nicotine receptors on the beta cells [53]. An animal study found a
decrease in beta cell mass (about 25%) during foetal and neonatal life in the
offsprings of female Wistar rats who were exposed to nicotine in utero. The
authors assumed that there are two cell processes that were directly affected by
nicotine: the beta cell proliferation and the beta cell apoptosis [13]. It is possible
that nicotine induced apoptosis of beta cells in offsprings who were prenatally
exposed to nicotine [9].

There is certain evidence from animal studies that parental smoking near the
offspring could be associated with elevated insulin concentrations of the
offspring. Observations of animal studies concluded that nicotine and its
metabolites have direct effects on offsprings' beta cells.
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Association between active parental smoking and BMI values and insulin
concentrations in offsprings at eight years of age – Model of physiological
plausibility
20.3% of women intend to continue smoking in pregnancy [62]. Maternal smoking
during pregnancy is associated with restricted prenatal growth of the foetus [75,
157]. One cause of restricted prenatal growth is the foetal hypoxia. Foetuses
whose mothers smoke during pregnancy are exposed to nicotine in utero. Nicotine
and carbon monoxide (contents of tobacco smoke) diffuses through the placenta
into the foetal circulation [11, 42]. Mainstream cigarette smoke contains as many
as 4.000 chemicals. These chemicals may have toxic effects on foetal and
placental cells or have negative effects on the blood circulation of the uterus and
the placenta [42] which ensures the foetal oxygen and nutrient supply.
a) Possible effects of nicotine on endocrine cells
Nicotine may have direct effects on endocrine cells. Nicotine exposure in utero is
associated with abnormalities of cell proliferation and cell differentiation [157]. The
process of formation of the endocrine pancreas in utero is a possible starting-point
for chemicals like nicotine (figure 29).
1. Parental non-smoking
During embryogenesis pancreatic progenitor cells receive mitogenic and
differentiation signals. The endocrine cells develop. In early postnatal life the
number of endocrine cells increases with increasing beta cell proliferation [9].
Endocrine cells of the pancreas secrete insulin. Insulin is known as proliferation
and cell growth regulating factor [92].
2. Parental smoking during pregnancy and near the offsprings
Nicotine may act as stimulator of mitogenic and differentiation signals. This could
result in a hyperplasia of endocrine cells with an increased insulin secretion in
utero. Assuming that the hypothesis of “hormone dependent malprogramming of
the neuro-endocrine system”, elevated insulin concentrations in utero alter the
programming of the normal insulin value in the hypothalamus life-long. During
postnatal life nicotine possibly stimulates signals which promote the endocrine cell
proliferation. Increased numbers of endocrine cells result in elevated insulin

140

Discussion

secretion. Higher concentrations of insulin in postnatal life could affect the weight
and height development of a child and have life-long- consequences on
cardiovascular risk factors. Nicotine may also promote apoptosis of beta cells.
Long-time consequence of increased beta cell apoptosis could represent a
disposition to diabetes mellitus in later life (figure 28).

Figure 28. Possible effects of parental smoking during embryogenesis and during
postnatal life on endocrine cells and possible life-long consequences for the child
b) Possible effects of nicotine on the sympathic nervous system
The sympathic nervous system develops during foetal period. Levin et al
suggested that a prenatal overload with nicotine blinds the sympathic
responsiveness. This could results in a peripheral as well as central underactivity
of the noradrenergic system. An increase in appetite and a lower fat mobilization
from adipose tissue may be a result [11, 83, 157]. Toschke et al. suggested that
exposing offsprings to nicotine during pregnancy might have long-term effects on
neurobehavioral impulse control. Children might have a lack of impulse control.
This might lead to a poorer satiation and a higher appetite of the children who
were exposed to tobacco products in the womb compared to unexposed offsprings
[146].
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4.9 Associations between behavioural factors of the mothers, the fathers
and the children and BMI values of the children at eight years of age
In the UBCS it was observed that children spending daily more than one hour in
front of TV/PC have higher BMI values at eight years of age compared to children
with a lower time of physical inactivity. Mothers’ not having breakfast before work
was significantly related to higher BMI values of the offsprings at eight years of
age.
Within the Early Bird 45 study, the physical activity of n=202 seven-year-old
children (overweight prevalence in the cohort: 25%) was measured using
Actigraph accelerometers. The participants of the study wore the accelerometers
for seven consecutive days. The total physical activity (PA) and time spending in
moderate and vigorous physical activity (MVPA) was calculated and used for
statistical analyses. At baseline examination the children were seven years old.
Anthropometric measurements were repeated annually until 10 years of children’s
age. The percentage of body fat of the children was measured using DXA. It was
observed that the percentage of body fat of a child at seven years of age predicted
the change in MVPA from seven to ten years of age. On the other hand MVPA at
seven years of age did not predict the change in percentage of body fat from
seven to 10 years of age. It was concluded that physical inactivity leads to fatness
rather than fatness leads to physical inactivity [93]. In the intervention study Ulm
Research on Metabolism, Exercise and Lifestyle in Children (URMEL-ICE)
determinants of overweight and obesity of six- to nine-year-old children were
investigated. A number of n=1.079 children were measured at baseline
examination with respect to anthropometric parameters (weight, height values,
skin fold thickness over the triceps). Within a parent questionnaire data of parental
BMI values, migration background, education level, maternal smoking during
pregnancy, and birth characteristics of the child and lifestyle factors of the child
were collected. Time in front of TV, playing video games, lack of physical activity in
or outside sports clubs, skipping breakfast before school and the consumption of
soft drinks (only associated with obesity) were identified as life style factors which
were associated with overweight and obesity in childhood [98]. Within the Kiel
Obesity Prevention Study (KOPS) data of n=4.997 five to seven-year-old children
at school-entry examination were collected (weight and height values). Additionally
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a parent questionnaire asked for BMI values, smoking habits, education level and
nationality of the parents, birth outcomes of the child and time in front of TV and
PC and physical activity in a sport club of the child. Danielzik et al identified a
greater effect of inactivity than of activity of a child on becoming overweight at
school entry age. The prevalence of normal weight and overweight differed in an
amount of 10% (19.2 vs. 9.2%) if the child was more than two hours per day
physical inactive [26]. In a Swedish study the PA of 12-year-old children (n=1.124)
and their parents was investigated. Data about PA was collected using a
questionnaire. A strong association between parental PA and offsprings’ PA was
observed [39].
As in the UBCS further German studies described a higher amount of daily TV
and PC consumption as risk factor for greater BMI values of the children. A
Swedish study showed intrafamilial associations for the behavioural parameter
PA. Intrafamilial association of other behavioural parameters like skipping
breakfast are assumed.
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4.10 Associations between behavioural factors of the mothers, the fathers
and the children and cardiovascular risk factors of the children at eight
years of age
In the analyses of the UBCS behavioural factors of the children being associated
with elevated fasting blood concentrations of insulin and leptin were identified in
the children at eight years of age: spending more than one hour watching
television or using the computer. Additionally maternal behavioural factors were
identified that were associated with elevated fasting blood concentrations of insulin
in the children at eight years of age: their mother spending more than one hour in
front of TV (only weekdays) and in front of PC (weekdays and on weekend), their
mother consuming soft drinks at work more than three times per week. A higher
soft drink consumption of the mother at work and not having breakfast before work
were also related to higher leptin concentrations in the offsprings at eight years of
age. The fasting blood concentrations of insulin and leptin of the eight-year-old
children showed no differences depending on paternal behavioural factors.
There are no literature sources on family studies that published associations
between behavioural factors of the parents and the concentrations of insulin and
leptin in the offsprings. The UBCS found significant relations between the
concentrations of insulin and leptin in the children and their BMI values. The
behavioural factors of the children that were significantly associated with their BMI
values were also significantly associated with offsprings’ fasting insulin and leptin
(only TV consumption) concentrations at eight years of age

It is possible that the observed associations in the UBCS between behavioural
factors of the children and children’s fasting blood concentrations of insulin and
leptin represent only a side-effect of the association between behavioural
factors of the children and the BMI values of the children.
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4.11 Strengths and Limitations
Strengths
The UBCS is a longitudinal birth cohort study which enabled us to ascertain
longitudinal data of the children’s height and weight development, overall health,
and lifestyle factors since birth. The study is also a family study. Within the single
Follow-ups, data of mother, father and child where collected. The collection of
family data enabled us to look for intrafamilial associations of anthropometric and
cardiovascular risk factors. The UBCS has a subject retention rate from baseline
examination till 8-year Follow-up. At the baseline examination, data on pre- and
perinatal care were collected from medical record. In Germany, pre- and perinatal
data is documented in a dedicated record by the gynaecologist. The design of the
UBCS included the collection of different biological samples at different Follow-up
time points. At baseline examination, an umbilical cord blood sample was
collected. At the 8-year Follow-up a fasting blood samples of mother, father and
child were collected. The fasting blood samples of the 8-year Follow-up and the
biological samples of previously ascertained Follow-ups were prepared according
to the Standard Operating Procedures.

Limitations
One limitation of the UBCS is the attrition of study participants at each Follow-up.
At baseline examination n=1.066 mothers agreed to participate. At each Follow-up
participants were lost (1-year Follow-up n= 881; 2-year Follow-up n=814, 3-year
Follow-up n=838, 4-year Follow-up n=742, 6-year Follow-up n=731. At the 8-year
Follow-up a number of n=536 children, n=524 mothers and n=315 fathers were
examined anthropometrically and clinically. A number of n=609 participants
returned the parent questionnaire of the 8-year Follow-up. This has an impact on
the generation of statements for a population. Additionally, a positive selection of
highly motivated participants in the longitudinal course of the study is assumed
and affects also the generalisation of statements. A further limitation is the lack of
fasting blood samples of the study participants (child, mother and father) at
previous Follow-ups. This would have been important to further investigate the
tracking and clustering of cardiovascular risk factors, which are partly depend on
the fasting state.
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External validity
The UBCS is a longitudinal birth cohort study. During recruitment (November 2000
– November 2001), all women who gave at the Department of Gynaecology and
Obstetrics at the University of Ulm birth to a baby were asked to participate in the
study (n=1593). A number of n=527 mothers did not fulfill the inclusion criteria or
refused to participate. At baseline examination n=1066 mothers fulfilled the
inclusion criteria and agreed to participate. One limitation of longitudinal studies is
the loss of participants in the longitudinal course. It is assumed, that highly
motivated and highly educated (with a high socio economical level) participants
remained in the study and participants with a low socio economical level were lost.
The study sample of the 8-year Follow-up may therefore not to be representative
for the general population. Additionally, the UBCS was carried out in the federal
state of Baden-Wuerttenberg (Germany) only. The study included participants who
mainly live in the region of Alb-Donau. This region represents only a part of
Germany. The region of Germany where a person lives in has an impact on their
health. For example, the overweight prevalence rates in children starting school
are different in the federal states of Germany. In 2008 the prevalence rate of
overweight in children starting school in the federal state of Baden-Wuerttenberg
(south of Germany) was 9.6% compared to 11.8% in the federal state of
Mecklenburg-Hither Pomerania (north of Germany). The authors assumed that
differences in the emigrational background and the socio economical level could
contribute to these local differences [96]. The positive selection of highly motivated
and educated participants within a longitudinal study like the UBCS may result in
underrepresentation of risk groups e.g. overweight children with increased risk of
cardiovascular diseases. Additionally, the included newborns at baseline
examination were healthy born. Children born small for gestational age (SGA) are
known to be at high risk for developing cardiovascular diseases in later life [24, 40,
91]. But this potential risk group for cardiovascular diseases was not included in
the UBCS.
Therefore, further family and birth cohort studies with a comparable design are
needed to substantiate or rebut the presented findings.
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5. Summary and conclusions
The aim of the presented work was to investigate intrafamilial associations for
cardiovascular risk factors. Additionally associations between foetal, postnatal and
parental parameters and cardiovascular risk factors of prepubescent children were
investigated. Data of the prospective UBCS were used. The study has a
longitudinal design with eight follow-up examinations since baseline examination
(n=1066 mothers and their newborns). At the 8-year follow-up of the UBCS n=536
children, n=524 mothers and n=314 fathers (n=303 trios) were anthropometrically
and clinically examined at the Division of Paediatric Endocrinology and Diabetes,
Ulm University. Statistical analyses were conducted with the statistic software SAS
9.2.
The main findings of the statistical analyses were:
1. Only the maternal fasting blood concentrations of insulin were positively
associated with offsprings’ fasting blood concentrations of insulin at eight years of
age. Multiple regression analysis confirmed this result. Although this association
was small, it was significant and in probably meaningful to physiology.
2. The concentrations of the cardiovascular risk factors fasting blood glucose,
ApoB and RBP4 were more strongly associated between mothers and children
than between fathers and children at eight years of age.
3. The BMI values and the fasting blood concentrations of leptin were
intrafamilially more strongly related between fathers and children than between
mothers and children at eight years of age.
4. Childrens BMI values and fasting blood concentrations of insulin and leptin at
eight years of age were not significantly associated with the BMI values of the
children at birth.
5. Children with elevated insulin concentrations at eight years of age showed an
altered BMI course since birth compared to children with normal fasting insulin
concentrations at eight years of age.
6. Higher maternal pre-pregnancy BMI values were significantly associated with
higher fasting blood concentrations of insulin in the offsprings at eight years of
age. Multiple regression analysis confirmed this result.
7. Active maternal and paternal smoking in offsprings’ childhood was associated
with higher insulin and leptin concentrations in the fasting blood of the children and
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higher BMI values of the children at eight years of age, compared to children of
parents who did not smoke near the children.
I suggest that an altered intrauterine milieu which a foetus whose mother showed
a greater BMI value before and during pregnancy might be exposed to, has longtime consequences on offsprings’ cardiovascular risk factors especially on the
blood concentrations of insulin. The present data suggest that higher insulin
concentrations in the children during childhood are associated with an altered BMI
course. Elevated insulin concentrations in childhood may be a result of a
malprogrammed normal level of insulin in the hypothalamus at prenatal stage. It is
the dilemma of the chicken or the egg – Which came first? Do higher BMI values
lead to an increase in the fasting insulin concentrations or does an altered normal
level of insulin affect the BMI course of a child?
Based on the observation, that higher maternal pre-pregnancy BMI values were
significantly associated with higher fasting blood concentrations of insulin in the
offsprings at eight years of age I suggest that higher maternal BMI values before
pregnancy and also in pregnancy are related to the intrauterine programming of
the normal insulin level in the hypothalamus of the offspring. This could have longterm consequences on offsprings’ insulin metabolism, on the insulin-associated
concentrations of RBP4 and ApoB and on the BMI course during childhood.
The observations of the UBCS especially emphasize the possible role of maternal
BMI values before pregnancy on the BMI and cardiovascular risk factors of
offsprings in later life. The role of the father on offsprings’ weight development and
the risk of cardiovascular diseases have so far not been examined as extensively
as the role of the mother. The observations of the UBCS showed that also
behavioural factors of the father like active smoking near the children are
associated with children’s BMI values and cardiovascular risk factors at
prepubescent age. It is important to understand that these findings were observed
within a cohort of healthy prepubescent children.
An intergenerational transmission of an acquired altered normal insulin level is
supposed. The prevention of high BMI values in all women of child bearing age to
interrupt this intergenerational circle should be supported. Additionally, the role of
the father, especially his smoking habits, with regard to offsprings’ health has to be
communicated and has to be examined more in detail.
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Table 1. Contents of the follow-ups of the UBCS
(UBCS, Ulm Birth Cohort Study; C13, carbon 13)
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Tables– Descriptive statistic
Table 2. Descriptive statistics of the age of children in the follow-ups of the UBCS
(UBCS, Ulm Birth Cohort Study; n, sample size, SD, standard deviation)

n

Mean

Median

SD

462

0.98

0.98

0.07

2-year follow-up

469

1.98

1.98

0.09

3-year follow-up

460

2.98

2.97

0.12

4-year follow-up

455

3.99

3.99

0.06

6-year follow-up

473

6.02

6.00

0.07

8-year follow-up

536

8.26

8.23

0.18

Age (in years) of the children at
1-year follow-up

Table 3. Descriptive statistics of BMI values of children in the follow-ups of the UBCS
(BMI. Body Mass Index; n, sample size, SD, standard deviation; UBCS, Ulm Birth Cohort Study)

n

Mean

Median

SD

535
457
447
432
448
463
536

12.74
16.56
15.96
15.43
15.30
15.20
16.08

12.67
16.46
15.95
15.30
15.26
15.12
15.66

1.09
1.50
1.34
1.44
1.33
1.39
2.04

2

BMI (kg/m ) of the child at
birth
1-year follow-up
2-year follow-up
3-year follow-up
4-year follow-up
6-year follow-up
8-year follow-up
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Table 4. Descriptive statistics of fasting blood concentrations of the measured
parameters in the fasting blood sample of a child, its mother and its father at 8th-year
follow-up of the UBCS (n, sample size, RBP4, Retinol-Binding-Protein 4; SD, standard
deviation; UBCS, Ulm Birth Cohort Study)

n

Mean

Median

SD

445

2.87

2.65

1.51

Glucose (mg/dl)

489

88.00

88.68

11.53

Apolipoprotein B (g/l)

464

0.69

0.68

0.13

Adiponectin (µg/ml)

462

12.43

11.85

3.75

RBP4 (g/l)

460

0.02

0.02

0.004

466

5.35

3.10

6.61

Insulin (mU/l)

470

3.61

0.09

2.30

Glucose (mg/dl)

502

89.00

91.61

20.66

Apolipoprotein B (g/l)

488

0.80

0.77

0.20

Adiponectin (µg/ml)

487

11.64

10.90

3.93

RBP4 (g/l)

485

0.04

0.03

0.01

Leptin (ng/ml)

491

21.08

16.80

16.11

Insulin (mU/l)

287

4.27

3.51

3.21

Glucose (mg/dl)

306

88.08

87.00

11.32

Apolipoprotein B (g/l)

294

0..93

0.93

0.22

Adiponectin (µg/ml)

291

8.94

8.17

3.19

RBP4 (g/l)

291

0.04

0.04

0.01

Leptin (ng/ml)

296

8.38

5.96

9.72

Cardiovascular risk factors measured in
the fasting blood of the 8-year-old children
Insulin (mU/l)

Leptin (ng/ml)
Cardiovascular risk factors measured in
the fasting blood of the mothers at 8-year
follow-up of the UBCS

Cardiovascular risk factors measured in
the fasting blood of the fathers at 8-year
follow-up of the UBCS
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Table 5. Descriptive statistics of maternal BMI values before pregnancy, at the end of
pregnancy and gestational weight gain
(BMI. Body Mass Index; n, sample size, SD, standard deviation; UBCS, Ulm Birth Cohort Study)
n

Mean

Median

SD

before pregnancy

496

23.09

22.23

3.79

at the end of pregnancy

516

28.22

27.75

3.85

Gestational weight gain (kg)

515

14.22

14.00

5.18

Maternal BMI (kg/m2) values

Table 6. Descriptive statistics of measured concentrations of leptin, adiponectin and
cotinine in cord blood collected within baseline examination of the UBCS
(n, sample size, SD, standard deviation; UBCS, Ulm Birth Cohort Study)
n
Mean
Median
SD
Umbilical cord blood concentration of
Adiponectin (µg/ml)
469
31.82
30.02
14.12
Leptin (ng/l)
469
11.84
7.98
13.84
Cotinine (ng/ml)
468
5.98
1.49
18.33
Table 7. Descriptive statistics of the duration of breastfeeding and exclusive
breastfeeding in the UBCS
(n, sample size, SD, standard deviation; UBCS, Ulm Birth Cohort Study)
Duration of
breastfeeding (months)
exclusive breastfeeding (months)

n

Mean

Median

SD

446
446

6.84
4.54

7.49
2.25

3.70
4.49

Table 8. Descriptive statistic of maternal weight status before pregnancy and parental
weight status at 8 year follow-up of the UBCS
(n, sample size, SD, standard deviation; UBCS, Ulm Birth Cohort Study)
n
%
Maternal weight status before pregnancy
underweight (<18.5 kg/m2)
22
4.26
2
normal weight (18.5-24.9 kg/m )
367
71.12
overweight (25-30 kg/m2)
99
19.19
2
obese (>30 kg/m )
28
5.43
Maternal weight status at 8-year follow-up of the UBCS
underweight (<18.5 kg/m2)
12
2.41
2
normal weight (18.5-24.9 kg/m )
310
62.37
overweight (25-30 kg/m2)
115
23.14
Paternal weight status at 8-year follow-up of the UBCS
underweight (<18.5 kg/m2)
0
0.00
2
normal weight (18.5-24.9 kg/m )
110
35.60
overweight (25-30 kg/m2)
156
50.49
2
43
13.92
obese (>30 kg/m )
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Table 9. Percentage of breastfed and non-breastfed children in the UBCS
(UBCS, Ulm Birth Cohort Study; n, sample size)
n
%
Breastfeeding
No
32
6.23
Yes
482
93.77
Table 10. Percentage of mothers and fathers, who have reported active smoking in the
follow-ups of the UBCS
(UBCS, Ulm Birth Cohort Study; n, sample size)
n
%
Active maternal smoking
before pregnancy
400
77.37
during pregnancy
33
6.38
at 1-year follow-up
59
11.57
at 2-year follow-up
62
12.02
at 3-year follow-up
51
9.96
at 6-year follow-up
78
15.82
at 8-year follow-up
65
13.03
Active paternal smoking
during pregnancy of the partner
161
31.14
at 1-year follow-up
123
24.31
at 2-year follow-up
116
22.61
at 3-year follow-up
105
20.55
at 6-year follow-up
112
23.48
at 8-year follow-up
89
18.46
Table 11. Descriptive statistic of selected behavioural factors of the child, the mother
and the father at 8-year follow-up of the UBCS
(n, sample size; TV, television; PC, personal computer; UBCS, Ulm Birth Cohort Study)

Watching TV ≥ one hour during the week
Watching TV ≥ one hour
at the weekend
Time in front of the PC ≥ one hour
during the week
Time in front of the PC ≥ one hour at the
weekend
Number of TVs in the household > 1
Number of PCs in the household > 1
Sports club < once a week
Non-club-sports < once a week
Consumption of soft drinks
≥ 3 times a week
at school/ at work
out of school/out of work
without breakfast before school/work

Child
Mother
Father
n
%
n
%
n
%
156 29.89 348 66.67 333
67.41
373

71.87 435 83.98 427

86.79

12

2.33

57

11.09 143

29.85

99
187
218
98
237

19.37
35.82
41.92
18.81
45.66

74
187
218
265
381

14.37
35.82
41.92
51.16
73.13

197
187
218
292
353

41.21
35.82
41.92
59.11
71.03

26
61
26

5.28 21
4.48
71
11.89 55 10.83 74
4.97 122 23.55 180

15.27
15.51
36.22
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Tables– Correlation analysis
Table 12. Correlation coefficient (Spearman) for fasting blood concentrations of insulin,
glucose, adiponectin, RBP4, Apolipoprotein B, leptin and BMI values of the children
(UBCS) at the age of 8 years
(ApoB, Apolipoprotein B, BMI, Body Mass Index; RBP4, Retinol-Binding-Protein 4; UBCS, Ulm Birth
Cohort Study)

* p<0.05 ** p<0.0001
Insulin Glucose
1
0.15*
Insulin (mU/l)
1
Glucose(mg/dl)
Adiponectin
(µg/ml)
RTBP4 (g/l)
Apo B (g/l)
Leptin (ng/l)
BMI (kg/m2)

Adiponectin
-0.04
-0.04

RBP4
0.13*
-0.03

ApoB
0.06
0.09

Leptin
0.48**
0.08

BMI
0.33**
0.09*

1

0.02
1

0.09
0.15*
1

0.15*
0.20**
0.20*
1

-0.01
0.19**
0.08
0.66**
1

Table 13. Correlation coefficient (Spearman) for fasting blood concentrations of insulin,
glucose, adiponectin, RBP4, Apolipoprotein B, leptin and BMI values of the mother at the
8-year follow-up of the UBCS
(ApoB, Apolipoprotein B, BMI, Body Mass Index; RBP4, Retinol-Binding-Protein 4; UBCS, Ulm Birth
Cohort Study)

* p<0.05 ** p<0.0001
Insulin Glucose
1
0.13*
Insulin (mU/l)
1
Glucose(mg/dl)
Adiponectin
(µg/ml)
RTBP-4 (g/l)
ApoB (g/l)
Leptin (ng/l)
BMI (kg/m2)

Adiponectin
-0.25**
-0.03

RBP4
0.24**
-0.15*

ApoB
0.16*
-0.28**

Leptin
0.60**
0.06

1

-0.06
1

-0.19**
0.27**
1

-0.20**
0.17*
0.21**
1

BMI
0.48**
0.08
0.23**
0.17*
-0.19**

0.76**
1

Table 14. Correlation coefficient (Spearman) for fasting blood concentrations of insulin,
glucose, adiponectin, RBP4, ApoB, leptin and BMI of the father at the 8-year follow-up of
the UBCS
(ApoB, Apolipoprotein B, BMI, Body Mass Index; RBP4, Retinol-Binding-Protein 4; UBCS, Ulm Birth
Cohort Study)

* p<0.05 ** p<0.0001
Insulin Glucose
1
0.15*
Insulin (mU/l)
1
Glucose(mg/dl)
Adiponectin
(µg/ml)
RTBP-4 (g/l)
ApoB (g/l)
Leptin (ng/l)
BMI (kg/m2)

Adiponectin
-0.35**
0.03

RBP4
0.31**
-0.03

ApoB
0.31**
-0.17*

Leptin
0.65**
0.12*

1

-0.14*
1

-0.12*
0.36**
1

-0.19*
0.23*
0.29**
1

XI

BMI
0.62**
0.07
0.33**
0.26**
0.34**
0.77**
1
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Table 15. Intrafamilial correlation analysis (crude and partial adjusted) between
cardiovascular risk factors in fasting blood
(BMI, Body Mass Index; r, Spearman Correaltion coefficienct)
Insulin [mU/l]

Glucose [mg/dl]

Adiponectin [µg/ml]

Apolipoprotein B [g/l]

Retinol-Binding-Protein 4
[g/l]

Leptin [ng/ml]

BMI [kg/m2]

child
mother

n
256
283

Median
(25th - 75th percentile)
2.55 (1.68-3.67)
3.09 (2.23-4.83)

child
father

256
276

2.55 (1.68-3.67)
3.50 (2.20-5.36)

mother
father

283
276

3.09 (2.23-4.83)
3.50 (2.20-5.36)

child
mother

287
286

87 (82-94)
89 (83-96)

child
father

287
285

87 (82-94)
87 (82-93)

mother
father
child
mother

286
285
265
256

89 (83-96)
87 (82-93)
11.90 (9.64-14.50)
10.90 (8.90-13.30)

child
father

265
251

11.90 (9.64-14.50)
8.55 (6.78-10.90)

mother
father
child
mother
child
father
mother
father
child
mother
child
father
mother
father
child
mother

256
251
265
286
265
279
286
279
265
286
265
279
286
279
267
259

10.90 (8.90-13.30)
8.55 (6.78-10.90)
0.68 (0.59-0.77)
0.76 (0.65-0.91)
0.68 (0.59-0.77)
0.93 (0.78-1.08)
0.76 (0.65-0.91)
0.93 (0.78-1.08)
0.022 (0.020-0.025)
0.035 (0.029-0.041)
0.022 (0.020-0.025)
0.043 (0.038-0.050)
0.035 (0.029-0.041)
0.043 (0.038-0.050)
2.67 (1.37-5.77)
17.50 (9.99-29.40)

child
father

267
253

2.67 (1.37-5.77)
5.91 (2.89-10.10)

mother
father
child
mother

259
253
303
296

17.50 (9.99-29.40)
5.91 (2.89-10.10)
15.57 (14.52-16.73)
23.67 (21.58-27.32)

XII

r
0.23
1
0.27
1a
0.29
0.10
1
0.07
1b
0.14
0.21
1
0.23
1c
0.15
0.09
2
0.09
1d
0.08
0.04
2
0.04
1b
0.042
0.07

p-value
0.000
<0.0001
<0.0001
0.139
0.294
0.030
0.001
0.001
0.015
0.137
0.143
0.208
0.469
0.472
0.483
0.257

0.30
2
0.297
1d
0.348
0.28
2
0.281
1b
0.309
0.13
1c
0.105
0.37
3
0.37
0.24
3
0.22
-0.02
3
-0.03
0.24
2
0.22
0.14
2
0.16
0.03
2
0.00
0.10
2
0.06
1d
0.099
0.12
2
0.12
1b
0.138
0.12
1c
-0.267
0.13
3
0.13

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.035
0.090
<0.0001
<0.0001
0.000
0.001
0.762
0.680
0.000
0.001
0.024
0.014
0.631
0.977
0.125
0.326
0.116
0.066
0.050
0.029
0.040
<0.0001
0.003
0.030
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<0.0001
child
303
15.57 (14.52-16.73)
0.23
3
0.23
<0.0001
father
303
26.04 (23.82-28.54)
0.007
mother
296
23.67 (21.58-27.32)
0.16
father
303
26.04 (23.82-28.54)
1
partial adjusted Spearman Correlation Coefficient: gender/ BMI at the age of eight (child)
1a
partial adjusted Spearman Correlation Coefficient: gender/ BMI at the age of eight (child) and
maternal BMI values at 8-year Follow-up of UBCS
1b
partial adjusted Spearman Correlation Coefficient: gender/ BMI at the age of eight (child) and
paternal BMI values at 8-year Follow-up of UBCS
1c
partial adjusted Spearman Correlation Coefficient: maternal and paternal BMI values at 8-year
Follow-up of UBCS
1d
partial adjusted Spearman Correlation Coefficient: gender/ BMI at the age of eight (child) and
maternal BMI values at 8-year Follow-up of UBCS
2
partial adjusted Spearman Correlation Coefficient: BMI of the child at the age of eight
3
partial adjusted Spearman Correlation Coefficient: gender (child)

Table 16. Correlation between parental BMI values at the 8-year follow-up of the UBCS
and children’s fasting blood concentrations of insulin, glucose, adiponectin, ApoB,
RBP4 and leptin at the age of 8 years (ApoB, Apolipoprotein B, BMI, Body Mass Index;
RBP4, Retinol-Binding-Protein 4; UBCS, Ulm Birth Cohort Study)

* p<0.05
Maternal BMI values at
Paternal BMI values at the
the 8-year follow-up of the
8-year follow-up of the
UBCS
UBCS
n
r
n
r
Children's (8 years old) fasting
blood concentration of
Insulin (mU/l)
Glucose (mg/dl)
Apolipoprotein B (g/l)
Adiponectin (µg/ml)
RBP4 (g/l)
Leptin (ng/ml)

428
470
444
446
442
448

264
293
275
275
272
277

0.13*
0.00
0.09
0.11
0.01
0.13*

0.04
0.07
0.05
0.07
0.12
0.20*

Table 17. Correlation between the umbilical cord blood concentrations of adiponectin
and
leptin with children’s BMI values at birth, and at the age of 1,2,3,4,6 and 8 years (UBCS)
(BMI, Body Mass Index; n, sample size; UBCS, Ulm Birth Cohort Study)

* p<0.05 **p<0.0001
Umbilical cord blood
concentrations of leptin
(ng/l)

BMI (kg/m2) values of the
children
at birth
at the age of 1 year
at the age of 2 years
at the age of 3 years
at the age of 4 years
at the age of 6 years
at the age of 8 years

Umbilical cord blood
concentrations of
adiponectin (µg/l)

n

r

n

r

469
413
403
393
407
418
469

0.40**
-0.02
-0.05
-0.07
-0.09
-0.06
-0.03

469
413
403
393
407
418
469

0.10*
-0.05
0.00
0.01
0.00
-0.02
0.04

XIII
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Table 18. Correlation between the umbilical cord blood concentrations of adiponectin
and leptin and children's fasting blood concentrations of insulin, glucose, adiponectin,
ApoB, RBP4 and leptin at the age of 8 years (UBCS)
(n, sample size; RBP4, Retinol-Binding-Protein 4; UBCS, Ulm Birth Cohort Study)

* p<0.05 **p<0.0001
Leptin (ng/l)
r

n
Children’s (8 years old) fasting
blood concentrations of
Insulin (mU/l)
Glucose (mg/dl)
Apolipoprotein B (g/l)
Adiponectin (µg/ml)
RBP4 (g/l)
Leptin (ng/ml)

404
442
419
421
419
423

Adiponectin (µg/l)
n
r

0.03
0.07
0.15*
-0.02
0.00
0.14*

404
442
419
421
419
423

-0.01
0.01
0.25*
0.09
-0.01
0.01

Table 19. Correlation between children's BMI values at birth, at the age of 1,2,3,4,6
and 8 years and the fasting blood concentrations of insulin, glucose, adiponectin,
ApoB, RBP4 and leptin at the age of 8 years (UBCS)
(ApoB, Apolipoprotein B, BMI, Body Mass Index; n, sample size; RBP4, Retinol-Binding-Protein
4; UBCS, Ulm Birth Cohort Study)

* p <0.05

** p <0.0001
Fasting blood concentrations of the children
at the age of 8 years
Insulin
Glucose
n
r
n
r

BMI (kg/m2) values of the children
at birth
at the age of 1 year
at the age of 2 years
at the age of 3 years
at the age of 4 years
at the age of 6 years
at the age of 8 years

BMI (kg/m2) values of the children
at birth
at the age of 1 year
at the age of 2 years
at the age of 3 years
at the age of 4 years
at the age of 6 years
at the age of 8 years

444
0.01
484
0.04
0.14*
398
433
0.08
0.12*
386
422
0.10
0.13*
374
404
0.09
0.13*
384
423
0.08
0.22**
0.11*
337
436
0.34**
0.09*
445
489
Fasting blood concentrations of the children
at the age of 8 years
Adiponectin
ApoB
n
r
n
r
460
412
401
386
401
413
462
n

BMI (kg/m2) values of the children
at birth
at the age of 1 year
at the age of 2 years
at the age of 3 years
at the age of 4 years
at the age of 6 years
at the age of 8 years

462
411
399
383
398
411
460

XIV

0.07
-0.04
0.05
0.00
0.04
0.02
-0.01
RBP4
r

462
414
402
387
401
415
464

-0.04
0.12*
0.12*
0.08
0.09
0.16*
0.21**

468
416
404
389
403
417
466

n

0.02
0.00
0.003
0.003
0.005
0.05
0.08
Leptin
r
0.03
0.21*
0.19*
0.24**
0.23**
0.44**
0.66**
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Table 20. Correlation between the duration of breastfeeding and exclusive breastfeeding
and children's BMI values the age of 1,2,3,4,6 and 8 years (UBCS)
(n, sample size; UBCS, Ulm Birth Cohort Study; r, Spearman correlation coefficient; BMI, Body
Mass Index)

Duration (months) of
breastfeeding
n
r

exclusive breastfeeding
n
r

BMI (kg/m2) values of the children
the age of 1 year
the age of 2 years
the age of 3 years
the age of 4 years
the age of 6 years

681
649
622
598
586

-0.12*
0.00
-0.03
-0.04
-0.07

752
720
691
655
659

-0.08*
0.02
-0.03
-0.03
-0.05

the age of 8 years

446

-0.09

500

-0.05

Table 21. Correlation between the duration of breastfeeding and exclusive breastfeeding
and children’s fasting blood concentrations of insulin, glucose, adiponectin, ApoB, RBP4
and leptin at the age of 8 years (UBCS)
(ApoB, Apolipoprotein B, BMI, Body Mass Index; n, sample size; r, Spearman correlation
coefficient; RBP4, Retinol-Binding-Protein 4; UBCS, Ulm Birth Cohort Study)

* p<0.05 **p<0.0001
Duration (months) of
breastfeeding
n
r
Children's (8 years old) fasting
blood concentrations of
Insulin (mU/l)
Glucose (mg/dl)
ApoB (g/l)
Adiponectin (µg/ml)
RBP4 (g/l)
Leptin (ng/ml)
BMI (kg/m2) values of the children at
the age of 8 years

exclusive breastfeeding
n
r

386
302
399
402
398
403

-0.08
-0.03
0.04
0.01
-0.09
-0.08

441
341
458
460
448
454

-0.06
0.00
0.00
0.02
-0.08
-0.05

446

-0.09

500

-0.05
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Table 22. Correlation between maternal BMI values before pregnancy, at the end of
pregnancy and children's BMI values at birth, at the age of 1, 2, 3, 4, 6 and 8 years
(UBCS)
(BMI; Body Mass Index; n, sample size; r, Spearman correlation coefficient; UBCS, Ulm Birth
Cohort Study)

* p<0.05
2

Maternal BMI (kg/m ) values
before pregnancy

at the end of pregnancy

n

r

n

r

494
437
430
416
428
443
495

0.06
0.11*
0.06
0.08
0.17*
0.22**
0.23**

494
437
430
416
428
443
495

0.12*
0.12*
0.04
0.13
0.15*
0.19**
0.22**

2

Children’s BMI (kg/m ) values at
birth
the age of 1year
the age of 2 years
the age of 3 years
the age of 4 years
the age of 6 years
the age of 8 years

Table 23. Correlation between maternal BMI values before pregnancy, at the end of
pregnancy and children's fasting blood concentrations of insulin, glucose, adiponectin,
ApoB, RBP4 and leptin at the age of 8 years (UBCS)
(ApoB, Apolipoprotein B, BMI, Body Mass Index; n, sample size; RBP4, Retinol-Binding-Protein 4;
UBCS, Ulm Birth Cohort Study)

* p<0.05
Children's (8 years old) fasting blood concentrations of
Adiponectin
(µg/ml)
Insulin (mU/l)
Glucose (mg/dl)
n
r
n
r
n
r
Maternal BMI (kg/m2) values
before pregnancy
at the end of pregnancy

427
427
ApoB (g/l)
n

0.14*
0.11*

r

468
468

0.03
-0.02

RBP4 (g/l)
n
r

443 0.02
443 0.06
Leptin
(ng/ml)
n
r

2

Maternal BMI (kg/m ) values
before pregnancy
at the end of pregnancy

444
444

XVI

0.12*
0.11*

440
440

0.07
0.05

446
446

0.13*
0.13*
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Table 24. Correlation between gestational weight gain and children's BMI values at birth,
at the age of 1, 2, 3, 4, 6 and 8 years (UBCS)
(BMI, Body Mass Index; n, sample size; r, Spearman correlation coefficient; UBCS, Ulm Birth
Cohort Study)

Gestational weight gain (kg)
n

r

birth

494

0.16*

the age of 1 year

437

0.07

the age of 2 years

430

0.01

the age of 3 years

416

0.01

the age of 4 years

428

0.04

the age of 6 years

443

-0.05

the age of 8 years

495

0.00

2

Offsprings BMI (kg/m ) values at

Table 25. Correlation between gestational weight gain and children's fasting blood
concentrations of insulin, glucose, adiponectin, ApoB, RBP4 and leptin at the age of 8
years (UBCS)
(ApoB, Apolipoprotein; n, sample size; RBP4, Retinol-Binding-Protein 4; r, Spearman correlation
coefficient; UBCS, Ulm Birth Cohort Study)

Gestational weight gain (kg)
n
r
Children's fasting blood concentrations of
Insulin (mU/l)
Glucose (mg/dl)
ApoB (g/l)
Adiponectin (µg/ml)
RBP4 (g/l)
Leptin (ng/ml)

427
468
443
444
440
446

-0.07
-0.03
0.12*
-0.05
-0.06
-0.04

Table 26. Correlation between the umbilical cord blood concentrations of cotinine and
children's BMI values at birth, at the age of 1, 2, 3, 4, 6 and 8 years (UBCS)
(BMI, Body Mass Index; n, sample size; r, Spearman correlation coefficient; UBCS, Ulm Birth
Cohort Study)

* p<0.05 **p<0.0001
Umbilical cord blood level of cotinine (ng/ml)
n
r
BMI (kg/m2) of the child at
birth
the age of 1 year
the age of 2 years
the age of 3 years
the age of 4 years
the age of 6 years
the age of 8 years

468
412
403
394
408
417
468

XVII

0.01
0.06
0.05
0.08
0.09
0.06
0.13*
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Table 27. Correlation coefficient (spearman) for umbilical cord blood level cotinine with
children’s fasting blood levels of insulin, glucose, adiponectin, apolipoprotein B, RBP4
and leptin at the age of 8 years (UBCS)
(ApoB, Apolipoprotein; n, sample size; RBP4, Retinol-Binding-Protein 4; r, Spearman correlation
coefficient; UBCS, Ulm Birth Cohort Study)

* p<0.05 **p<0.0001
Umbilical cord blood level of
cotinine (ng/ml)
n
r
Fasting blood level of the child at the age of 8 years
Insulin (mU/l)
Glucose (mg/dl)
ApoB (g/l)
Adiponectin (µg/ml)
RBP4 (g/l)
Leptin (ng/ml)

403
441
417
419
417
421

0.12*
-0.03
0.10*
0.08
0.03
0.12*

Table – Lineare regression analysis
Table 28. Regression model adding corresponding parental blood level to the prediction
model of offspring's fasting blood level of insulin, glucose, adiponectin and ApoB at the
age of 8 years (UBCS)
(ApoB, Apolipoprotein; BMI, Body Mass Index; RBP4, Retinol-Binding-Protein 4; ß, linear
2
regression coefficient; R , coefficient of determination; UBCS, Ulm Birth Cohort Study)
Corresponding maternal Corresponding paternal
blood level
blood level
2
ß
p-value
R
ß
p-value
R2
Offspring's fasting blood level of
Insulin (mU/l)
Glucose (mg/dl)
Adiponectin (µg/ml)
ApoB (g/l)
RBP (mg/l)
Leptin (ng/ml)
BMI of the child at the age of 8 years

0.13
0.04
0.35
0.28
0.13
0.03
0.07

XVIII

<0.0001
0.109
<0.0001
<0.0001
<0.0001
0.125
0.001

0.04 0.03
0.05
0.09 0.32
0.09 0.14
0.07 0.06
0.06

0.474
0.433
<0.0001
<0.0001
0.006
0.07

0.08
0.06
0.03
0.01

0.02 0.12

<0.0001

0.06
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Table 29. Regression model adding parental BMI at 8-year follow-up of the UBCS to the
prediction model of offspring’s fasting blood level of insulin, glucose, adiponectin,
Apolipoprotein B, RBP4 and Leptin at the age of 8 years (UBCS)
(ApoB, Apolipoprotein; BMI, Body Mass Index; RBP4, Retinol-Binding-Protein 4; ß, linear
2
regression coefficient; R , coefficient of determination; UBCS, Ulm Birth Cohort Study)
Maternal BMI at 8year follow-up of
Paternal BMI at 8-year
UBCS
follow up of UBCS
2
ß
p-value R
ß
p-value R2
Offspring’s fasting blood level of the child
of
0.04
0.008 0.02 0.00
Insulin (mU/l)
0.884
0.37
0.01
0.02
Glucose (mg/dl)
0.21
0.298
Adiponectin (µg/ml)
0.06
0.258
0.03
0.693
ApoB (g/l)
0.00
0.095
0.00
0.081
RBP4 (mg/ml)
0.01
0.796
0.10
0.168 0.04
0.133 0.0015 0.04
Leptin (ng/ml)
0.049 0.118
Table 30. Regression model adding cord blood levels of leptin and adiponectin to the
prediction model of offsprings' BMI at the age of birth, 1, 2, 3, 4, 6 and 8 years (UBCS)
(BMI, Body Mass Index; ß, linear regression coefficient; R2, coefficient of determination; UBCS,
Ulm Birth Cohort Study)

ß

Umbilical cord blood level
Leptin (ng/ml)
Adiponectin (g/l)
2
p-value
R
ß
p-value
R2

2

BMI (kg/m ) of the child at
birth
the age of 1 year
the age of 2 years
the age of 3 years
the age of 4 years
the age of 6 years
the age of 8 years

0.03
0.00
0.01
0.00
0.01
0.00
0.01

<0.0001

XIX

0.09

0.01
0.00
0.00
0.00
0.00
0.00
0.01

<0.05

0.01
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Table 31. Regression model adding umbilical cord blood levels of leptin, adiponectin and
cotinine to the prediction model of offsprings' fasting blood level of insulin, glucose, ApoB,
adiponectin, RBP4 and leptin at the age of 8 years (UBCS)
(ApoB, Apolipoprotein; BMI, Body Mass Index; RBP4, Retinol-Binding-Protein 4; ß, linear
2
regression coefficient; R , coefficient of determination; UBCS, Ulm Birth Cohort Study)
Umbilical cord blood level of
Leptin (ng/ml)
ß
p-value
Offspring’s fasting blood levels
at the age of 8 years
Insulin (mU/l)
Glucose (mg/dl)
Adiponectin (µg/ml)
ApoB (g/l)
RBP4 (mg/l)
Leptin (ng/ml)

2

R

Adiponectin (g/l)
ß
p-value
R2

0.52

0.278

0.04

0.938

0.06
0.54
-2.48
121.15
0.04

0.342
0.0036
0.628
0.442
0.07

0.02
0.89
-2.51
-89.44
0.02

0.695
<0.0001
0.624
0.569
0.36

XX

0.02

0.06

Appendix – Tables

Table 32. Regression model adding the BMI of the children at different points of time in
childhood to the prediction model of fasting blood level of insulin, glucose, adiponectin,
Apolipoprotein B and BMI at the age of 8 years (UBCS)
(ApoB, Apolipoprotein; BMI, Body Mass Index; RBP4, Retinol-Binding-Protein 4; ß, linear
2
regression coefficient; R , coefficient of determination; UBCS, Ulm Birth Cohort Study)
Fasting blood level of the child at the age of 8 years
Insulin (mU/l)
Glucose (mg/dl)
Adiponectin (µg/ml)
pß p-value R2
ß p-value R2
ß
value R2
BMI (kg/m2) of the child
at
0.39 0.029 0.01
birth
0.01 0.926
0.62 0.194
0.14 0.029 0.02 0.49 0.204
the age of 1 year
-0.14 0.333
0.21 0.001 0.04 0.11 0.802
the age of 2 years
0.07 0.687
0.27 0.002 0.04 0.29 0.487
the age of 3 years
-0.06 0.740
0.21 0.000 0.04 0.05 0.903
the age of 4 years
0.04 0.722
0.28 <0.0001 0.07 0.56 0.167
the age of 6 years
0.07 0.585
0.27 <0.0001 0.16 0.19 0.459
the age of 8 years
-0.07 0.459
Fasting blood level of the child at the age of 8 years
ApoB (g/l)
RPB4 (mg/l)
Leptin (ng/ml)
2
2
ß p-value R
ß p-value R
ß p-value R2
BMI (kg/m2) of the child
at
birth
the age of 1 year
the age of 2 years
the age of 3 years
the age of 4 years
the age of 6 years
the age of 8 years

0.00
0.00
0.00
0.01
0.00
0.01
0.01

0.803
0.966
0.571
0.410
0.537
0.055
0.000

0.30 0.159
0.01
0.05
0.30 0.046
0.03
0.30 0.081
0.06
0.30 0.082
0.06
0.20 0.161
0.50 0.002 0.03 0.10
0.04 0.50 <0.0001 0.05 0.22

BMI (kg/m2) of the
child at the age of 8
years
ß p-value R2
BMI (kg/m2) of the child
at
birth
the age of 1 year
the age of 2 years
the age of 3 years
the age of 4 years
the age of 6 years

0.09
0.30
0.29
0.34
0.38
0.55

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

0.03
0.17
0.18
0.21
0.35
0.61

XXI

0.345
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

0.04
0.02
0.05
0.07
0.21
0.51
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Table 33. Regression coefficient for BMI of breastfed children at the age of 1, 2, 3, 4, 6
and 8 years (UBCS)
2
(BMI, Body Mass Index; ß, linear regression coefficient; R , coefficient of determination; CI,
confidence interval; UBCS, Ulm Birth Cohort Study)

ß

Breastfed
CI

p-value

0.07
-0.37
0.00
-0.29
-0.11
-0.02

(-0.30-0.45)
(-0.73 till -0.01)
(-0.38-0.37)
(-0.68-0.09)
(-0.50-0.29)
(-0.75-0.72)

0.07
0.04
0.98
0.13
0.6
0.97

2

BMI (kg/m ) of the child at
the age of one year
the age of two years
the age of 3 years
the age of 4 years
the age of 6 years
the age of 8 years

Table 34. Regression coefficient for children's BMI at the age of 1, 2, 3, 4, 6 and 8 years
dependent on duration of breast feeding (UBCS)
2
(BMI, Body Mass Index; ß, linear regression coefficient; R , coefficient of determination; UBCS,
Ulm Birth Cohort Study)

Duration of breastfeeding (months)
ß
p-value
BMI (kg/m2) of the child at
the age of 1 year
the age of 2 years
the age of 3 years
the age of 4 years
the age of 6 years
the age of 8 years

-0.04
-0.0008
-0.01
-0.02
-0.03
-0.07

0.003
0.95
0.47
0.32
0.09
0.01

R2
0.01

0.02

Table 35. Regression coefficient for the BMI of the children at the age of 1, 2, 3, 4, 6 and
8 years dependent on duration of exclusive breast feeding (UBCS)
2
(BMI, Body Mass Index; ß, linear regression coefficient; R , coefficient of determination; UBCS,
Ulm Birth Cohort Study)

Duration of exclusive breastfeeding (months)
ß
p-value
R2
BMI (kg/m2) of the child at
the age of 1 year
the age of 2 years
the age of 3 years
the age of 4 years
the age of 6 years
the age of 8 years

-0.05
0.01
-0.02
-0.02
-0.03
-0.10

XXII

0.02
0.69
0.43
0.46
0.17
0.01

0.01

0.01
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Table 36. Regression coefficient for fasting blood level of insulin, glucose, adiponectin,
Apolipoprotein B, RBP4 and leptin of a never breastfed eight-year-old child (UBCS)
2
(ß, linear regression coefficient; R , coefficient of determination; CI, confidence interval; UBCS,
Ulm Birth Cohort Study)

Never breastfed
CI

ß
Offspring's fasting blood level
of
Insulin (mU/l)
Glucose (mg/dl)
Adiponectin (µg/ml)
Apolipoprotein B (g/l)
RBP4 (mg/l)
Leptin (ng/ml)

0.64
2.86
2.86
-0.01
0.97
0.19

p-value

(0.05-1.23)
(-1.40-7.13)
(-1.40-7.13)
(-0.06-0.43)
(-1.52-3.47)
(-1.49-1.86)

0.033
0.188
0.188
0.779
0.44
0.827

Table 37. Regression model adding breastfeeding and exclusive breastfeeding to the
prediction model of the child's fasting blood level of insulin, glucose, adiponectin,
Apolipoprotein B, RBP4 and leptin at the age of 8 years (UBCS)
2
(ß, linear regression coefficient; R , coefficient of determination; RBP4, Retinol-Binding-Protein 4;
UBCS, Ulm Birth Cohort Study)

Insulin (mU/l)
ß
Duration of
breastfeeding
(months)
exclusive
breastfeeding
(months)

-0.002
0.00

p-value

R2

Adiponectin (µg/ml)
ß
R2
p-value

0.015 0.020 -0.01 0.190

0.00

0.430

0.074

0.00

0.250

-0.01 0.180

Apolipoprotein B (g/l)
2
ß
p-value R
Duration of
breastfeeding
(months)
exclusive
breastfeeding
(months)

Glucose (mg/dl)
2
ß
p-value R

RBP (mg/l)
ß

2

p-value R

Leptin (ng/ml)
2
ß
p-value R

0.00

0.930

0.00

0.070

-0.010

0.001

0.03

0.00

0.680

0.00

0.110

-0.01

0.007

0.02
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Table 38. Regression model adding maternal BMI before and at the end of pregnancy to
the prediction model of offsprings' BMI at birth,at the age of 1,2,3,4,6 and 8 years (UBCS)
2
(BMI, Body Mass Index; ß, linear regression coefficient; R , coefficient of determination; UBCS,
Ulm Birth Cohort Study)

ß

Maternal BMI (kg/m2)
before pregnancy
at the end of pregnancy
2
p-value
R
ß
p-value
R2

2

BMI (kg/m ) of the child at
birth
the age of 1 year
the age of 2 years
the age of 3 years
the age of 4 years
the age of 6 years
the age of 8 years

0.03
0.03
0.02
0.04
0.05
0.06
0.10

<0.0001
0.02
0.13
0.004
0.0003
0.0001
<0.0001

0.02
0.01
0.00
0.01
0.02
0.02
0.03

0.05
0.04
0.03
0.05
0.05
0.06
0.09

<0.0001
0.005
0.03
0.0004
0.0001
<0.0001
<0.0001

0.03
0.01
0.01
0.02
0.02
0.02
0.03

Table 39. Regression model adding maternal BMI before and at the end of pregnancy to
the prediction model of offsprings fasting blood level of insulin, glucose, adiponectin,
Apolipoprotein B, RBP4 and leptin at the age of 8 years (UBCS)
2
(ß, linear regression coefficient; R , coefficient of determination; RBP4, Retinol-Binding-Protein 4;
UBCS, Ulm Birth Cohort Study)

Maternal BMI (kg/m2)
before pregnancy
at the end of pregnancy
2
ß
p-value
R
ß
p-value
R2
Fasting blood level of a child at
the age of 8 years
Insulin (mU/l)
Glucose (mg/dl)
Adiponectin (µg/ml)
Apolipoprotein B (g/l)
RBP4 (mg/l)
Leptin (ng/ml)

0.06
0.25
0.04
0.00
0.00
0.21

0.001
0.073
0.35
0.11
0.51
0.009

0.02

0.01

0.05
0.18
0.10
0.00
0.00
0.15

0.009
0.21
0.04
0.15
0.87
0.07

0.02
0.01

Table 40. Regression model adding maternal weight gain during pregnancy to the
prediction model of offsprings BMI at birth, at the age of 1,2,3,4,6 and 8 years (UBCS)
2
(BMI, Body Mass Index; ß, linear regression coefficient; R , coefficient of determination; UBCS,
Ulm Birth Cohort Study)

Gestational weight gain (kg)
ß
p-value
BMI (kg/m2) of the child at
birth
the age of 1 year
the age of 2 years
the age of 3 years
the age of 4 years
the age of 6 years
the age of 8 years

0.02
0.01
0.04
0.01
0.00
0.00
0.00
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0.0001
0.43
0.46
0.22
0.89
0.94
0.98

R2
0.01
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Table 41. Regression model adding maternal weight gain during pregnancy to the
prediction model of offsprings fasting blood level of insulin, glucose, adiponectin,
Apolipoprotein B, RBP4 and leptin at the age of 8 years
2
(ß, linear regression coefficient; R , coefficient of determination; RBP4, Retinol-Binding-Protein 4;
UBCS, Ulm Birth Cohort Study)

Gestational weight gain (kg)
ß
p-value
R2
Fasting blood level of the child (8 years old)
Insulin (mU/l)
Glucose (mg/dl)
Adiponectin (µg/ml)
Apolipoprotein B (g/l)
RBP4 (mg/l)
Leptin (ng/ml)

-0.02
-0.10
0.07
0.00
0.00
-0.10

0.196
0.32
0.03
0.65
0.16
0.09

0.01

Table 42. Regression model adding umbilical cord blood level of cotinine to the
prediction model of children's BMI at birth, at the age of 1, 2,3, 4, 6 and 8 years
2
(BMI, Body Mass Index; ß, linear regression coefficient; R , coefficient of determination; UBCS,
Ulm Birth Cohort Study)

Level of cotinine in umbilical cord blood
(ng/ml)
ß
BMI (kg/m2) of the child at
birth
the age of 1 year
the age of 2 years
the age of 3 years
the age of 4 years
the age of 6 years
the age of 8 years

0.00
0.00
0.00
0.01
0.00
0.00
0.01

p-value

R2

<0.05
<0.05

0.01
0.01

<0.05

0.02

Table 43. Regression model adding umbilical cord blood level of leptin, adiponectin and
cotinine to the prediction model of children’s fasting blood level of insulin, glucose,
adiponectin, apolipoprotein B, RBP4 and leptin at the age of 8 years (UBCS)
2
(ß, linear regression coefficient; R , coefficient of determination; RBP4, Retinol-Binding-Protein 4;
UBCS, Ulm Birth Cohort Study)

Level of cotinine in umbilical cord blood
(ng/ml)
Offspring's fasting blood level at the age of 8
years
Insulin (mU/l)
Glucose (mg/dl)
Adiponectin (µg/ml)
Apolipoprotein B (g/l)
RBP4 (mg/l)
Leptin (ng/ml)

XXV

ß

p-value

R2

0.47
-0.08
0.22
4.55
-74.03
0.04

0.447
0.307
0.381
0.505
0.725
0.009

0.02
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Table 44. Regression model adding parental smoking at different points of time in
offsprings’ childhood to the prediction model of BMI of the child at the age of 8 years
(UBCS)
2
(BMI, Body Mass Index; ß, linear regression coefficient; R , coefficient of determination; UBCS,
Ulm Birth Cohort Study)

BMI (kg/m2) of the child at the age of 8 years
ß
CI
p-value
paternal smoking (no/yes)
during pregnancy
at 1-year follow-up
at 2-year follow-up
at 3-year follow-up
at 6-year follow-up
at 8-year follow-up

0.60
0.79
0.92
0.76
0.40
1.21

(0.22-0.97)
(0.39-1.19)
(0.51-1.34)
(0.32-1.19)
(0.15-0.65)
(0.66-1.57)

0.0200
0.0001
<0.0001
0.0007
0.0015
0.0002

maternal smoking (no/yes)
before pregnancy
during pregnancy
at 1-year follow-up
at 2-year follow-up
at 3-year follow-up
at 6-year follow-up
at 8-year follow-up

0.28
0.76
1.08
1.13
0.99
0.30
1.07

(-0.14-0.70)
(0.04-1.47)
(0.53-1.63)
(0.59-1.66)
(0.40-1.57)
(0.01-0.59)
(0.54-1.60)

0.1850
0.0082
0.0001
<0.0001
0.0010
0.0410
<0.0001
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Table 45. Regression model adding parental smoking at different points of time in
offsprings’ childhood to the prediction model of fasting blood levels of insulin, glucose,
adiponectin, Apolipoprotein B, leptin and RBP4 at the age of 8 years (UBCS)
(ß, linear regression coefficient; CI, confidence interval; RBP4, Retinol-Binding-Protein 4; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of the child at the age of 8 years
Insulin (mU/l)
Glucose (mg/dl)
ß
CI
p-value
ß
CI
p-value
paternal smoking (no/yes)
0.42
(0.11-0.72)
0.007 0.81
during pregnancy
(-3.03-1.42)
0.48
0.52
(0.20-0.84)
0.002 0.13
at 1-year follow-up
(-2.55-2.29)
0.92
0.56
(0.23-0.89)
0.001 0.54
at 2-year follow-up
(-1.93-3.01)
0.67
0.50
(0.16-0.84)
0.004 0.64
at 3-year follow-up
(-1.91-3.19)
0.62
0.33
(0.13-0.53)
0.002 0.51
at 6-year follow-up
(-2.04-1.02)
0.52
0.63
(0.26-0.99)
0.001 0.46
at 8-year follow-up
(-3.19-2.26)
0.74
maternal smoking (no/yes)
before pregnancy
-0.05
(-0.33-0.29)
0.754 1.76 (-4.22-0.70)
0.16
during pregnancy
0.09
(-0.48-0.67)
0.751 3.21 (-7.47-1.05)
0.14
at 1-year follow-up
0.41
(-0.04-0.85)
0.076 0.09 (-3.35-3.17)
0.96
at 2-year follow-up
0.33
(-0.09-0.76)
0.131 1.22 (-4.39-1.95)
0.45
at 3-year follow-up
0.32
(-0.15-0.32)
0.177 0.97 (-4.44-2.49)
0.58
at 6-year follow-up
0.15
(-0.09-0.39)
0.210 0.36 (-2.12-1.40)
0.69
at 8-year follow-up
0.25
(-0.18-0.68)
0.260 0.39 (-2.74-3.53)
0.81
Fasting blood level of the child at the age of 8 years
Adiponectin (µg/ml)
Apolipoprotein B (g/l)
ß
CI
p-value
ß
CI
p-value
paternal smoking (no/yes)
1.12
(-0.39-1.85)
0.00
during pregnancy
0.00 (-0.03-0.02)
0.90
1.13
(-0.34-1.92)
0.01
at 1-year follow-up
0.01 (-0.03-0.02)
0.73
1.23
(-0.43-2.04)
0.00
at 2-year follow-up
0.01 (-0.04-0.02)
0.69
0.92
(-0.09-1.76)
0.03
at 3-year follow-up
0.01 (-0.04-0.02)
0.69
at 6-year follow-up
0.31
(-0.19-0.82)
0.23
0.00 (-0.02-0.01)
0.58
at 8-year follow-up
0.28
(-0.58-1.14)
0.53
0.01 (-0.04-0.03)
0.73
maternal smoking (no/yes)
before pregnancy
-0.26
(-1.07-0.55)
0.52
0.01 (-0.04-0.19)
0.51
during pregnancy
0.32
(-1.04-1.68)
0.65
0.02 (-0.03-0.07)
0.43
at 1-year follow-up
0.07
(-0.99-1.13)
0.90
0.00 (-0.04-0.04)
0.89
at 2-year follow-up
-0.14
(-1.18-0.89)
0.78
0.01 (-0.05-0.03)
0.53
at 3-year follow-up
0.23
(-0.88-1.35)
0.68
0.01 (-0.05-0.03)
0.64
at 6-year follow-up
-0.07
(-0.64-0.51)
0.82
0.01 (-0.04-0.03)
0.88
at 8-year follow-up
-0.09
(-1.12-0.95)
0.87
0.00 (-0.04-0.03)
0.88
Fasting blood level of the child at the age of 8 years
RBP4 (mg/l)
Leptin (ng/ml)
ß
CI
p-value
ß
CI
p-value
paternal smoking (no/yes)
1.19
(0.32-2.06)
0.007
2.32
during pregnancy
(1.05-3.60)
0.0004
1.24
(0.30-2.17)
0.010
2.53
at 1-year follow-up
(1.21-3.85)
0.0002
1.09
(0.14-2.04)
0.025
3.05
at 2-year follow-up
(1.68-4.42)
<0.0001
2.5
at 3-year follow-up
0.72
(0.27-1.71)
0.153
(0.78-3.69)
0.0027
1.22
at 6-year follow-up
0.46
(0.13-1.05)
0.126
(0.38-2.07)
0.0045
3.19
at 8-year follow-up
0.97
(0.07-2.01)
0.068
(1.68-4.66)
<0.0001
maternal smoking (no/yes)
before pregnancy
0.17 (-0.80-1.14)
0.734
0.78 (-0.65-2.22)
0.285
3.79
during pregnancy
-0.91 (-2.53-0.70)
0.268
(1.40-6.17)
0.0019
3.52
at 1-year follow-up
-0.14 (-1.41-1.13)
0.829
(1.66-5.38)
0.0002
3.25
at 2-year follow-up
-0.10 (-1.31-1.12)
0.878
(1.45-5.05)
0.0004
2.92
at 3-year follow-up
-0.36 (-1.67-0.95)
0.589
(0.98-4.88)
0.0033
1.38
at 6-year follow-up
-0.25 (-0.92-0.43)
0.474
(0.41-2.34)
0.005
3.25
at 8-year follow-up
0.01 (-1.19-1.22)
0.983
(1.44-5.34)
0.0004
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Table 46. BMI of the child at the age of 8 years dependent on selected behavioural factors
(dichotomized) (UBCS)
(BMI, Body Mass Index; ß, linear regression coefficient; CI, confidence interval; PC, personal
computer; TV, television; UBCS, Ulm Birth Cohort Study)

BMI of the child at the age of 8 years
ß
CI
p-value
Offspring’s behavioural factors (8-year follow-up of
UBCS)
Time in front of TV
on weekdays (<1 hour vs. ≥ 1 hour)
at the weekend ( <1 hour vs. ≥
1 hour )
Number of TV sets in household ( ≤1 TV set vs. >
1 TV set)
Time in front of PC
on weekdays(<1 hour vs. ≥ 1 hour)
at the weekend (<1hour vs. ≥ 1hour)
Number of PC in household ( ≤1 PC vs. > 1 PC)
Physical activity
in sports club
(< once /week vs. > once/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks when in school
(< 3 times/week vs. > 3 times/week)
soft drinks after school
(< 3 times/week vs. > 3 times/week)
Breakfast before going to school (yes vs. no)

XXVIII

0.76

(0.37-1.14)

0.0001

0.8

(0.41-1.19)

<0.0001

0.09

(-0.29-0.46)

0.652

1.18
0.6
-0.34

(0.00-2.36)
(0.14-1.05)
(-0.70-0.02)

0.050
0.010
0.062

0.19

(-0.05-0.43)

0.123

-0.02

(-0.20-0.17)

0.864

-0.46

(-1.27-0.35)

0.264

0.26
0.25

(-0.29-0.81)
(-0.56-1.07)

0.357
0.545
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Table 47. Fasting blood level of insulin of an eight-year-old-child dependent on
selected behavioural factors (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; TV,
television; UBCS, Ulm Birth Cohort Study)

Fasting blood level of insulin of
child at the age of 8 years
ß
CI
Offspring’s behavioural factors (8-year followup of UBCS)
Time in front of TV
on weekdays (< 1 hour vs. ≥ 1 hour)
at the weekend (< 1 hour vs. ≥
1 hour )
Number of TV sets in household ( ≤ 1 vs. > 1)
Time in front of PC
on weekdays (< 1 hour vs. ≥ 1 hour)
at the weekend (< 1 hour vs. ≥
1 hour)
Number of PC in household ( ≤ 1 vs. > 1)
Physical activity
in sports club
(< once/week vs. once/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks in school
(< 3 times/week vs. 3 times/week)
soft drinks after school
(< 3 times/week vs. 3 times/week)
Breakfast before going to school (yes vs. no)

XXIX

p-value

0.55

(0.16-0.78)

0.003

0.47
0.39

(0.24-0.86)
(0.32-0.47)

0.001
<0.0001

1.75

(1.50-1.99)

<0.0001

0.24
-0.04

(-0.13-0.61)
(-0.33-0.25)

0.200
0.794

0.09

(-0.27-0.45)

0.629

-0.01

(-0.30-0.27)

0.918

0.18

(-0.27-0.62)

0.431

0.05
-0.05

(-0.62-0.73)
(-0.71-0.61)

0.878
0.887
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Table 48. Fasting blood level of leptin of an eight-year-old child dependent on selected
behavioural factors (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; TV, television;
UBCS, Ulm Birth Cohort Study)

Fasting blood level of leptin
in child at the age of 8 years
pß
CI
value
Offsprings’ behavioural factors (8-year follow-up of UBCS)
Time in front of TV
on weekdays (< 1 hour vs. ≥ 1 hour)
at the weekend (< 1 hour vs. ≥ 1 hour )
Number of TV sets in household ( ≤ 1 vs. > 1)
Time in front of PC
on weekdays (< 1 hour vs. ≥ 1 hour)
at the weekend (< 1 hour vs. ≥ 1 hour)
Number of PC in household ( ≤ 1 vs. > 1)
Physical activity
in sports club
(< once/week vs. > once/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks in school
(<3 times/week vs. >3 times/week)
soft drinks after school
(<3 times/week vs. >3 times/week)
Breakfast before school (yes vs. no)

XXX

2.56
2.52
1.43

(1.25-3.88)
(1.18-3.85)
(0.15-2.69)

0.0001
0.0002
0.028

1.79
1.35
-1.21

(-2.17-5.77)
(-0.22-2.93)
(-2.44-0.03)

0.374
0.092
0.055

-0.31

(-1.13-0.52)

0.462

-0.29

(-0.92-0.34)

0.364

2.14

(-0.73-5.00)

0.143

0.47
1.49

(-1.47-2.39)
(-1.36-4.34)

0.637
0.304
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Table 49. Fasting blood glucose level of an eight-year-old child dependent on selected
behavioural factors (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; TV, television;
UBCS, Ulm Birth Cohort Study)

Fasting blood glucose level
in child at the age of 8
years
pß
CI
value
Offsprings’ behavioural factors (8-year follow-up of UBCS)
Time in front of TV
on weekdays (< 1 hour vs. ≥ 1 hour)
at the weekend (< 1 hour vs. ≥ 1 hour )
Number of TV sets in household ( ≤ 1 vs. > 1)
Time in front of PC
on weekdays (< 1 hour vs. ≥ 1 hour)
at the weekend (< 1 hour vs. ≥ 1 hour)
Number of PC in household ( ≤ 1 vs. > 1)
Physical activity
in sports club
(< once/week vs. > once/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks in school
(< 3 times/week vs. > 3 times/week)
soft drinks after school
(< 3 times/week vs. > 3 times/week)
Breakfast before school (yes vs. no)

XXXI

1.78
1.65
0.15

(-0.48-4.05) 0.123
(-0.61-3.92) 0.153
(-1.99-2.29) 0.889

-2.01
1.24
-1.29

(-8.87-4.86) 0.566
(-1.24-3.72) 0.326
(-3.38-0.79) 0.222

0.18

(-1.19-1.55) 0.793

0.04

(-1.02-1.10) 0.946

1.87

(-2.87-0.64) 0.456

0.42

(-2.86-3.70) 0.799

1.89

(-2.87-0.64) 0.436
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Table 50. Fasting blood level of RBP4 of an eight-year-old child dependent on selected
behavioural factors (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; RBP4, RetinolBinding-Protein 4; TV, television; UBCS, Ulm Birth Cohort Study)

Fasting blood level of RBP4
in children at the age of 8
years
pß
CI
value
Offspring behavioural factors (8-year follow-up of UBCS)
Time in front of TV
on weekdays (< 1 hour vs. ≥ 1 hour)
at the weekend (< 1 hour vs. ≥ 1 hour )
Number of TV sets in household (≤ 1 vs. > 1)
Time in front of PC
on weekdays (< 1 hour vs. ≥ 1 hour)
at the weekend (< 1 hour vs. ≥ 1 hour)
Number of PC in household (≤ 1 vs. > 1)
Physical activity
in sports club
(< once/week vs. > once/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks in school
(< 3 times/week vs. > 3 times/week)
soft drinks after school
(< 3 times/week vs. > 3 times/week)
Breakfast before school (yes vs. no)

XXXII

0.00
0.00
0.00

(0.00-0.00)
(0.00-0.00)
(0.00-0.00)

0.719
0.276
0.493

0.00
0.00
0.00

(0.00-0.00)
(0.00-0.00)
(0.00-0.00)

0.081
0.163
0.742

0.00

(0.00-0.00)

0.229

0.00

(0.00-0.00)

0.240

0.00

(0.00-0.00)

0.402

0.00

(0.00-0.00)

0.918

0.00

(0.00-0.00)

0.737
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Table 51. Fasting blood level of Apolipoprotein B of an eight-year-old child dependent on
selected behavioural factors (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; TV, television;
UBCS, Ulm Birth Cohort Study)

Fasting blood level of
Apolipoprotein B in the child
at the age of 8 years
pvalue
ß
CI
Offsprings’ behavioural factors (8-year follow-up of
UBCS)
Time in front of TV
on weekdays (< 1 hour vs. ≥ 1hour)
at the weekend (< 1 hour vs. ≥ 1 hour )
Number of TV sets in household ≤ 1 vs. > 1)
Time in front of PC
on weekdays (< 1 hour vs. ≥ 1 hour)
at the weekend (< 1 hour vs. ≥ 1 hour)
Number of PC in household (≤ 1 vs. > 1)
Physical activity
in sports club
(< once/week vs. > once/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks in school
(< 3 times/week vs. > 3 times/week)
soft drinks after school
(< 3 times/week vs. > 3 times/week)
Breakfast before school (yes vs. no)

XXXIII

0.02
0.02
0.02

(-0.01-0.04)
(-0.01-0.04)
(-0.01-0.04)

0.201
0.257
0.154

0.03
0.01
0.01

(-0.05-0.11)
(-0.02-0.05)
(-0.02-0.33)

0.442
0.421
0.746

0.00

(-0.02-0.01)

0.709

0.00

(-0.02-0.01)

0.535
0.254

0.03

(-0.02-0.09)

0.721

-0.01

(-0.05-0.03)

0.169

0.04

(-0.01-0.04)

0.154
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Table 52. Fasting blood level of adiponectin of an eight-year-old child dependent
on selected behavioural factors (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; TV,
television; UBCS, Ulm Birth Cohort Study)

Fasting blood level of
adiponectin in the child at the
age of 8 years
pß
CI
value
Offspring behavioural factors (8-year follow-up of UBCS)
Time in front of TV
on weekdays (< 1 hour vs. ≥ 1 hour)
at the weekend (< 1 hour vs. ≥ 1 hour )
Number of TV sets in household (≤ 1 vs. > 1)
Time in front of PC
on weekdays (< 1 hour vs. ≥ 1 hour)
at the weekend (< 1 hour vs. ≥ 1 hour)
Number of PC in household (≤ 1 vs. > 1)
Physical activity
in sports club
(< once/week vs. > once/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks in school
< 3 times/week vs. > 3 times/week)
soft drinks after school
(< 3 times/week vs. > 3 times/week)
Breakfast before school (yes vs. no)

XXXIV

0.25
0.52
-0.39

(-0.05-1.00)
(-0.24-1.29)
(-1.11-0.34)

0.523
0.178
0.293

-1.23
0.03
0.06

(-3.50-.03)
(-0.88-0.94)
(-0.64-0.77)

0.285
0.941
0.859

-0.18

(-0.65-0.28)

0.442

-0.05

(-0.41-0.30)

0.773

0.56

(-1.01-2.13)

0.482

0.62
-0.23

(-0.43-1.68)
(-1.84-1.39)

0.246
0.782
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Table 53. BMI of the child at the age of 8 years dependent on selected behavioural
factors of the mother (dichotomized) (UBCS)
(BMI, Body Mass Index; ß, linear regression coefficient; CI, confidence interval; PC, personal
computer; TV, television; UBCS, Ulm Birth Cohort Study)

BMI in offspring at the age of
8 years
pß
CI
value
Behavioural factors of the mother (8-year follow-up of
UBCS)
Time in front of TV
on weekdays (< 1 hour vs. ≥ 1 hour)
at the weekend (< 1 hour vs. ≥ 1 hour )
Time in front of PC
on weekdays (< 1 hour vs. ≥ 1 hour)
at the weekend (< 1 hour vs. ≥ 1 hour)
Physical activity
in sports club
(< once/week vs. >1 time/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks at work
(< 3 times/week vs. > 3 times/week)
soft drinks after work
(< 3 times/week vs. > 3 times/week)
Breakfast before work (yes vs. no)

XXXV

0.21
0.09

(-0.17-0.59) 0.28
(-0.40-0.58) 0.72

-0.11
-0.13

(-0.68-0.46) 0.70
(-0.64-0.38) 0.61

-0.3

(-0.66-0.05) 0.10

-0.32

(-0.72-0.08) 0.12

0.49

(-0.41-1.40) 0.29

-0.07

(-0.66-0.52) 0.82

0.53

(0.12-0.95) 0.01
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Table 54. Fasting blood level of insulin of an eight-year-old child dependent on
selected behavioural factors of the mother (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; TV,
television; UBCS, Ulm Birth Cohort Study)

Fasting blood level of insulin in
offsprings at the age of 8 years
ß
CI
p-value
Behavioural factors of the mother (8-year follow-up of
UBCS)
Time in front of TV
on weekdays (< 1 hour vs. ≥ 1 hour)
at the weekend (< 1 hour vs. ≥ 1 hour
)
Time in front of PC
on weekdays (< 1 hour vs. ≥ 1 hour)
at the weekend (< 1 hour vs. ≥
1 hour)
Physical activity
in sports club
(< once/week vs. > once/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks at work
(< 3 times/week vs. > 3 times/week)
soft drinks after work
(< 3 times/week vs. > 3 times/week)
Breakfast before work (yes vs. no)

XXXVI

0.34

(0.04-0.64)

0.03

0.25

(-0.14-0.64)

0.21

0.48

(0.03-0.93)

0.04

0.66

(0.25-1.08)

0.00

0.02

(-0.27-0.31)

0.88

0.04

(-0.29-0.36)

0.83

0.38

(0.09-0.67)

0.01

0.23

(-0.20-0.70)

0.33

0.20

(-0.13-0.53)

0.23
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Table 55. Fasting blood level of glucose of an eight-year-old child dependent on
selected behavioural factors of the mother (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; TV, television;
UBCS, Ulm Birth Cohort Study)

Fasting blood level of glucose in
offsprings at the age of 8 years
ß
CI
p-value
Behavioural factors of the mother (8-year follow-up of
UBCS)
Time in front of TV
on weekdays (< 1 hour vs. ≥ 1 hour)
at the weekend (< 1 hour vs. ≥ 1 hour )
Time in front of PC
on weekdays (< 1 hour vs. ≥ 1 hour)
at the weekend (< 1 hour vs. ≥ 1 hour)
Physical activity
in sports club
(< once/week vs. > once/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks at work
(< 3 times/week vs. > 3 times/week)
soft drinks after work
(< 3 times/week vs. > 3 times/week)
Breakfast before work (yes vs. no)

XXXVII

3.33
2.55

(1.17-5.50)
(-020-5.30)

0.003
0.069

-2.30
-2.72

(-5.60-1.01)
(-5.80-0.37)

0.173
0.084

1.25

(-0.82-3.32)

0.236

-1.26

(-3.57-1.05)

0.285

-0.47

(-6.39-5.45)

0.877

1.36

(-2.06-5.45)

0.435

2.68

(0.23-5.13)

0.032
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Table 56. Fasting blood level of Apolipoprotein B of an eight-year-old child dependent on
selected behavioural factors of the mother (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; TV, television;
UBCS, Ulm Birth Cohort Study)

Fasting blood level of
Apolipoprotein B in offsprings
at eight years of age
pvalue
ß
CI
Behavioural factors of the mother (8-year follow-up)
Time in front of TV
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends ( < 1hrs vs. ≥ 1 hours )
Time in front of PC
weekdays (< 1hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours)
Physical activity
in sports club
(< once/week vs. > once/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks at school
(< 3 times/week vs. > 3 times/week)
soft drinks after school
(< 3 times/week vs. > 3 times/week)
Breakfast before work (yes vs. no)

XXXVIII

0.01
-0.01

(-0.01-0.04)
(-0.04-0.03)

0.359
0.724

-0.03
-0.02

(-0.07-0.01)
(-0.05-0.02)

0.088
0.364

-0.03

(-0.05 to 0.02)

0.035

0.00

(-0.03-0.03)

0.963

0.02

(-0.05-0.09)

0.558

0.00
0.00

(-0.04-0.04)
(-0.03-0.03)

0.995
0.787

Appendix – Tables

Table 57. Fasting blood level of RBP4 of an eight-year-old child dependent on selected
behavioural factors of the mother (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; RBP4, RetinolBinding-Protein 4; TV, television; UBCS, Ulm Birth Cohort Study)

Fasting blood level of RBP4 in
offsprings at eight years of age
pß
CI
value
Behavioural factors of the mother (8-year follow-up)
Time in front of TV
weekdays (< 1 hrs vs. ≥ 1hours)
on weekends (< 1 hrs vs. ≥ 1 hours )
Time in front of PC
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours)
Physical activity
in sports club
(<once once/week vs. > once/week)
outside sports club
(<once/week vs. >once/week)

0.00
0.00

(0.00-0.00)
(0.00-0.00)

0.302
0.208

0.00

(0.00-0.00)

0.050

0.00

(0.00-0.00)

0.805

0.00

(0.00-0.00)

0.209

0.00

(0.00-0.00)

0.673

0.00
0.00

(0.00-0.00)
(0.00-0.00)

0.092
0.889

Consumption of
soft drinks at school
(<3times/week vs. >3times/week)
soft drinks after school
(<3times/week vs. >3times/week)
Breakfast before work (yes vs. no)

XXXIX
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Table 58. Fasting blood level of leptin of an eight-year-old child dependent on selected
behavioural factors of the mother (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; TV, television;
UBCS, Ulm Birth Cohort Study)

Fasting blood level of leptin in
offsprings at eight years of age
pß
CI
value
Behavioural factors of the mother (8-year follow-up)
Time in front of TV
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours)
Time in front of PC
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours)
Physical activity
in sports club
(< once/week vs. > once/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks at school
(< 3 times/week vs. > 3 times/week)
soft drinks after school
(< 3 times/week vs. > 3 times/week)
Breakfast before work (yes vs. no)

XL

0.79
0.30

(-0.51-2.10)
(-1.38-1.99)

0.233
0.724

0.55
1.21

(-1.39-2.49)
(-0.60-3.03)

0.580
0.189

-0.81

(-2.04-0.42)

0.196

-0.94

(-2.30-0.43)

0.179

3.97

(0.47-7.47)

0.026

-0.62
2.05

(-2.64-1.39)
(-0.64-3.45)

0.545
0.005

Appendix – Tables

Table 59. Fasting blood level of adiponectin of an eight-year-old child dependent on
selected behavioural factors of the mother (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; TV, television;
UBCS, Ulm Birth Cohort Study)

Fasting blood level of adiponectin
in offsprings at eight years of age
pß
CI
value
Behavioural factors of the mother (8-year follow-up)
Time in front of TV
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours )
Time in front of PC
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours)
Physical activity
in sports club
(< once/week vs. > once/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks at school
(< 3 times/week vs. > 3 times/week)
soft drinks after school
(< 3 times/week vs. > 3 times/week)
Breakfast before work (yes vs. no)

XLI

-0.04
0.56

(-0.78-0.69)
(-0.39-1.51)

0.907
0.247

-0.28
0.18

(-1.39-0.03)
(-0.87-1.22)

0.615
0.741

0.45

(-0.25-1.15)

0.206

-0.50

(-1.29-0.28)

0.207

0.21

(-1.56-1.99)

0.814

0.24
-0.34

(-0.88-1.37)
(-1.16-0.48)

0.673
0.416
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Table 60. BMI of the child at the age of 8 years dependent on selected behavioural
factors of the father (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; TV, television;
UBCS, Ulm Birth Cohort Study)

BMI in offspring at eight years of
age
Behavioural factors of the mother (8-year follow-up)
Time in front of TV
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours )
Time in front of PC
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1hrs vs. ≥ 1 hours)
Physical activity
in sports club
(< once/week vs. > once/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks at school
(< 3 times/week vs. > 3 times/week)
soft drinks after school
(< 3 times/week vs. > 3 times/week)
Breakfast before work (yes vs. no)

XLII

ß

CI

p-value

0.21
0.09

(-0.17-0.59)
(-0.40-0.58)

0.28
0.72

-0.11
-0.13

(-0.68-0.46)
(-0.64-0.38)

0.70
0.61

-0.3

(-0.66-0.05)

0.10

-0.32

(-0.72-0.08)

0.12

0.49

(-0.41-1.40)

0.29

-0.07
0.53

(-0.66-0.52)
(0.12-0.95)

0.82
0.01
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Table 61. Fasting blood level of insulin of an eight-year-old child dependent on
selected behavioural factors of the father (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; TV, television;
UBCS, Ulm Birth Cohort Study)

Fasting blood level of insulin
in offsprings at eight years of
age
Behavioural factors of the father (8-year follow-up)
Time in front of TV
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours )
Time in front of PC
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours)
Physical activity
in sports club
(< once/week vs. > once/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks at school
(< 3 times/week vs. > 3 times/week)
soft drinks after school
(< 3 times/week vs. > 3 times/week)
Breakfast before work (yes vs. no)

XLIII

ß

CI

p-value

0.22
0.26

(-0.09-0.53)
(-0.17-0.69)

0.170
0.230

0.20
0.17

(-0.12-0.52)
(-0.13-0.47)

0.220
0.270

0.11

(-0.18-0.40)

0.460

-0.28

(-0.59-0.05)

0.090

0.00

(-0.42-0.42)

0.990

0.00
0.07

(-0.42-0.41)
(-0.23-0.38)

0.990
0.630
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Table 62. Fasting blood level of glucose of an eight-year-old child dependent on selected
behavioural factors of the father (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; TV, television;
UBCS, Ulm Birth Cohort Study)

Fasting blood level of glucose
in offsprings at eight years of
age
ß
CI
p-value
Behavioural factors of the father (8-year follow-up)
Time in front of TV
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours )
Time in front of PC
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours)
Physical activity
in sports club
(< once/week vs. > once/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks at school
(< 3 times/week vs. > 3 times/week)
soft drinks after school
(< 3 times/week vs. > 3 times/week)
Breakfast before work (yes vs. no)

XLIV

2.04
0.39

(-0.19-4.28)
(-2.70-3.47)

0.073
0.805

1.43
-0.76

(-0.96-3.47)
(-3.00-3.82)

0.239
0.501

2.40

(0.26-4.54)

0.028

0.90

(-1.47-3.26)

0.458

-0.06

(-3.12-3.00)

0.968

-1.81
0.34

(-1.20-4.81)
(-1.87-2.56)

0.238
0.762
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Table 63. Fasting blood level of Apolipoprotein B of an eight-year-old child dependent on
selected behavioural factors of the father (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; TV, television;
UBCS, Ulm Birth Cohort Study)

Fasting blood level of
Apolipoprotein B in offsprings at
eight years of age
ß
CI
p-value
Behavioural factors of the father (8-year follow-up)
Time in front of TV
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours )
Time in front of PC
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours)
Physical activity
in sports club
(< once/week vs. > once/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks at school
(< 3 times/week vs. > 3 times/week)
soft drinks after school
(< 3 times/week vs. > 3 times/week)
Breakfast before work (yes vs. no)

XLV

0.02
0.03

(-0.01-0.04)
(-0.01-0.07)

0.186
0.129

0.00
0.02

(-0.02-0.03)
(-0.01-0.04)

0.759
0.218

-0.01

(-0.03-0.02)

0.563

-0.04

(-0.07 till –0.01)

0.006

0.01

(-0.03-0.05)

0.582

0.01
0.01

(-0.03-0.04)
(-0.02-0.04)

0.645
0.435
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Table 64. Fasting blood level of RBP4 of an eight-year-old child dependent on selected
behavioural factors of the father (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer;RBP4, RetinolBinding-Protein 4; TV, television; UBCS, Ulm Birth Cohort Study)

Fasting blood level of RBP4 in
offsprings at eight years of age
ß
CI
p-value
Behavioural factors of the father (8-year follow-up)
Time in front of TV
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours )
Time in front of PC
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours)
Physical activity
in sports club
(< once/week vs. > once/week)
outside sports club
(< once/week vs. > once/week)
Consumption of
soft drinks at school
(< 3 times/week vs. > 3 times/week)
soft drinks after school
(< 3 times/week vs. > 3 times/week)
Breakfast before work (yes vs. no)

XLVI

0.00 (0.00-0.00)
0.00 (0.00-0.00)

0.230
0.283

0.00 (0.00-0.00)
0.00 (0.00-0.00)

0.141
0.187

0.00 (0.00-0.00)

0.538

0.00 (0.00-0.00)

0.503

0.00 (0.00-0.00)

0.261

0.00 (0.00-0.00)
0.00 (0.00-0.00)

0.775
0.743
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Table 65. Fasting blood level of leptin of an eight-year-old child dependent on selected
behavioural factors of the father (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; TV, television;
UBCS, Ulm Birth Cohort Study)

Fasting blood level of leptin in
offsprings at eight years of age
ß
CI
p-value
Behavioural factors of the father (8-year follow-up)
Time in front of TV
weekdays (< 1 hrs vs. ≥ 1hours)
on weekends (< 1 hrs vs. ≥ 1 hours )
Time in front of PC
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours)

1.39
1.55

(0.12-2.65)
(-0.21-3.31)

0.03
0.08

-0.24
-0.01

(-1.62-1.14)
(-1.29-1.28)

0.723
0.996

-0.78

(-2.03-0.48)

0.225

Physical activity
in sports club
(<once/week vs. >once/week)
outside sports club
(<once/week vs. >once/week)

-1.68 (-3.07 to -0.29)

0.018

1.18

(-0.66-3.01)

0.209

1.50

(-0.29-3.29)

0.100

1.32

(0.04-2.60)

0.043

Consumption of
soft drinks at school
(< 3 times/week vs. > 3 times/week)
soft drinks after school
(< 3 times/week vs. > 3 times/week)
Breakfast before work (yes vs. no)

XLVII
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Table 66. Fasting blood level of adiponectin of an eight-year-old child dependent on
selected behavioural factors of the father (dichotomized) (UBCS)
(ß, linear regression coefficient; CI, confidence interval; PC, personal computer; TV, television;
UBCS, Ulm Birth Cohort Study)

Fasting blood level of
adiponectin in offsprings at eight
years of age
ß
CI
p-value
Behavioural factors of the father (8 year follow-up)
Time in front of TV
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours )
Time in front of PC
weekdays (< 1 hrs vs. ≥ 1 hours)
on weekends (< 1 hrs vs. ≥ 1 hours)
Physical activity
in sports club
(<once/week vs. >once/week)
outside sports club
(<once/week vs. >once/week)
Consumption of
soft drinks at school
(< 3 times/week vs. > 3 times/week)
soft drinks after school
(< 3 times/week vs. > 3 times/week)
Breakfast before work (yes vs. no)

XLVIII

0.08
0.44

(-0.64-0.81)
(-0.57-1.44)

0.820
0.396

0.11
0.48

(-0.23-1.18)
(-0.24-1.15)

0.770
0.185

0.45

(-1.53-0.02)

0.199

-0.75

(-1.53-0.02)

0.055

0.12

(-0.84-1.08)

0.809

0.05
0.29

(-0.91-1.01)
(-0.42-1.01)

0.912
0.418
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Table 67. Basic multiple regression model (crude and adjusted) to predict the fasting
blood concentration of insulin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of insulin [mU/l] in offsprings at eight
years of age
crude
adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values before
2
pregnancy [kg/m ]
Duration of pregnancy
[weeks]
Umbilical cord blood
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
BMI values of the children
2
at the age of 1 year [kg/m ]
Sex
Duration of breast feeding
[months]

male
female

0.069

0.003

0.019

0.053

0.046

-0.014

0.139

0.005

-0.017

0.171

0.006

0.254

0.003

0.006

0.236

0.000

0.374

0.002

0.000

0.465

0.195

0.001

0.030

0.159

0.019

0.486

Reference
0.006

0.017

0.448

Reference
0.03

-0.001

0.100

0.007

-0.001

0.307

0.074

Table 68. Further adjusted basic multiple regression model (adjusted for maternal BMI
values at 8-year follow-up of UBCS) to predict the fasting blood concentration of insulin of
a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of insulin [mU/l] in offsprings at eight
years of age
1
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values before
0.074
0.053
0.046
2
pregnancy [kg/m ]
Duration of pregnancy
-0.017
0.171
[weeks]
Umbilical cord blood
0.006
0.236
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
0.000
0.465
BMI values of the children
0.159
0.019
2
at the age of 1 year [kg/m ]
Reference
Sex
male
0.448
0.03
female
Duration of breast feeding
-0.001
0.307
[months]
Maternal BMI values at 82
year follow-up [kg/m ]
1
adjusted for maternal BMI values at 8-year Follow-up of UBCS

XLIX

0.070
-0.016

0.216

0.007

0.184

0.000

0.457

0.156

0.025

0.469

Reference
0.029

-0.001

0.359

0.041

0.071
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Table 69. Further adjusted basic multiple regression model (adjusted for BMI values of
the children at the age of eight years) to predict the fasting blood concentration of insulin
of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of insulin [mU/l] in offsprings at eight years of age
2
further adjusted
adjusted
2
2
ß
p
R
ß
p
R
Maternal
BMI
values
0.074
0.106
0.053
0.046
0.032
0.253
2
before pregnancy [kg/m ]
Duration of pregnancy
-0.017
0.171
0.002
0.889
[weeks]
Umbilical cord blood
concentration of cotinine
[ng/ml]

0.006

0.236

0.000
0.465
Child’s birth weight [g]
BMI values of the children
0.159
0.019
2
at the age of 1 year [kg/m ]
Reference
Sex
male
0.448
0.03
female
Duration of breast feeding
-0.001
0.307
[months]
BMI values of the children
at the age of 8 years
[kg/m2]
2
further adjusted for BMI values of the children at the age of eight

0.000

0.938

0.000

0.439

0.469

Reference
0.026

0.000

0.712

0.282

<0.0001

Table 70. Further adjusted basic multiple regression model (adjusted for maternal fasting
blood concentration of insulin at 8-year Folllow-up of UBCS) to predict the fasting blood
concentration of insulin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of insulin [mU/l] in offsprings at eight years of age
3
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values before
0.074
0.082
0.053
0.046
0.065
0.034
pregnancy [kg/m2]
Duration of pregnancy
-0.017
0.171
-0.019
0.129
[weeks]
Umbilical cord blood
0.006
0.236
0.003
0.554
concentration of cotinine
[ng/ml]
0.000
0.465
0.000
0.405
Child’s birth weight [g]
BMI values of the children
0.159
0.019
0.161
0.019
at the age of 1 year
Reference
Reference
Sex
male
0.448
0.03
0.328
0.118
female
Duration of breast feeding
-0.001
0.307
0.000
0.608
[months]
Maternal fasting blood
concentration of insulin
0.030
0.334
[mU/l]
3
adjusted for maternal fasting blood concentration of insulin at 8-year Follow-up of UBCS
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Table 71. Further adjusted basic multiple regression model (adjusted for maternal fasting
blood concentration of insulin and BMI values at 8-year Folllow-up of UBCS ) to predict
the fasting blood concentration of insulin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of insulin [mU/l] in offsprings at eight years of age
4
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values before
2
pregnancy [kg/m ]
Duration of pregnancy [weeks]
Umbilical cord blood
concentration of cotinine [ng/ml]
Child’s birth weight [g]
BMI values of the children at the
2
age of 1 year [kg/m ]
Sex

male
female

Duration of breast feeding
[months]
Maternal BMI values at 8-year
2
follow-up [kg/m ]

0.074

0.079

0.053

0.046

-0.017

0.171

-0.019

0.124

0.006

0.236

0.000

0.431

0.000

0.465

0.000

0.499

0.159

0.019

0.160

0.022

0.448

Reference
0.03

0.333

-0.001

0.307

0.000

0.766

0.056

0.471

Reference
0.117

Maternal fasting blood
0.023
0.036
concentration of insulin [mU/l]
4
adjusted for maternal fasting blood concentration of insulin and maternal BMI values at 8-year
Follow-up

Table 72. Further adjusted basic multiple regression model (maternal fasting blood
concentration of insulin and BMI values at 8-year Folllow-up of UBCS ) to predict the
fasting blood concentration of insulin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of insulin [mU/l] in offsprings at eight years of age
5
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values before
2
pregnancy [kg/m ]
Duration of pregnancy
[weeks]
Umbilical cord blood
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
BMI values of the children at
2
the age of 1 year [kg/m ]
Sex

male
female

0.053

0.046

-0.017

0.074

0.004

0.903

0.171

-0.030

0.033

0.006

0.236

-0.010

0.454

0.000

0.465

0.000

0.542

0.159

0.019

0.190

0.024

0.448

Reference
0.03

0.465

Reference
0.046

0.000

0.469

0.018

0.603

Duration of breast feeding
-0.001 0.307
[months]
Paternal fasting blood
concentration of insulin [mU/l]
5
adjusted for paternal fasting blood concentration of insulin
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Table 73. Basic multiple regression model (crude and adjusted ) to predict the fasting
blood concentration of insulin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of insulin [mU/l] in offsprings at eight years of age
crude
adjusted
2
2
ß
p
R
ß
p
R
1st quartile
Reference
Reference
Maternal BMI values
2nd quartile 0.63 0.011 0.026
0.51
0.039
before pregnancy
2
3rd
quartile
0.29
0.229
0.16
0.513
[kg/m ]
4th quartile 0.76 0.002
0.61
0.014
1st quartile
Reference
Reference
Duration of
2nd quartile -0.2 0.411 0.005
-0.04
0.875
pregnancy [weeks]
3rd quartile -0.15 0.54
-0.04
0.89
4th quartile -0.35 0.15
-0.07
0.783
1st quartile
Reference
Reference
Umbilical cord blood
2nd quartile 0.44 0.063 0.014
0.32
0.179
concentration of
3rd quartile 0.51 0.037
0.35
0.155
cotinine [ng/ml]
4th quartile 0.38 0.13
0.25
0.293
<3000 g
Reference
Reference
0.087
Child’s birth weight
3000 g - ≤ 3500g -0.14 0.563 0.010
-0.17
0.49
[g]
3500 g - ≤ 4000g -0.25 0.049
-0.23
0.089
≥ 4000g -0.09 0.564
-0.1
0.542
1st quartile
Reference
Reference
BMI values of the
2nd quartile -0.24 0.304 0.015
-0.19
0.425
children at the age of
2
3rd quartile 0.1 0.673
0.05
0.837
1 year [kg/m ]
4th quartile 0.43 0.071
0.43
0.075
male
Reference
Reference
Sex
female 0.49 0.006 0.017
0.4
0.025
<3 0.59 0.015 0.022
0.44
0.082
3 - <6 0.12 0.663
0.01
0.983
Duration of breast
feeding [months]
6-9 -0.29 0.198
-0.33
0.155
≥9
Reference
Reference
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Table 74. Adjusted basic multiple regression model (adjusted for maternal BMI values at
8-year Follow-up of UBCS) to predict the fasting blood concentration of insulin of a child at
the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of insulin [mU/l] in offsprings at eight years of age
1
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Reference
1st quartile Reference
Maternal BMI values
2nd quartile 0.51 0.039
before pregnancy
2
3rd quartile 0.16 0.513
[kg/m ]
4th quartile 0.61 0.014
Reference
1st quartile Reference
-0.07
0.766
Duration of
2nd quartile -0.04 0.875
pregnancy [weeks]
-0.04
0.872
3rd quartile -0.04 0.89
-0.11
0.664
4th quartile -0.07 0.783
Reference
1st quartile Reference
Umbilical cord blood
0.35
0.144
2nd quartile 0.32 0.179
concentration of
0.35
0.155
0.36
0.148
3rd quartile
cotinine [ng/ml]
0.26
0.28
4th quartile 0.25 0.293
Reference
Reference
<3000 g
0.087
-0.16
0.52
Child’s birth weight
3000 g - ≤ 3500g -0.17 0.49
[g]
-0.24
0.084
3500 g - ≤ 4000g -0.23 0.089
0.078
-0.07
0.672
≥ 4000g -0.1 0.542
Reference
1st quartile Reference
BMI values of the
-0.18
0.439
2nd quartile -0.19 0.425
children at the age of
2
0.05
0.837
0.07
0.77
3rd
quartile
1 year [kg/m ]
0.43
0.075
0.46
0.059
4th quartile
Reference
male Reference
Sex
0.025
0.43
0.017
female 0.4
0.4
0.112
<3 0.44 0.082
-0.06
0.832
3 - <6 0.01 0.983
Duration of breast
feeding [months]
-0.29
0.211
6-9 -0.33 0.155
Reference
≥ 9 Reference
Reference
1st quartile
Maternal BMI values
0.25
0.247
2nd quartile
at 8-year Follow-up
2
0.24
0.287
3rd quartile
[kg/m ]
0.25
0.055
4th quartile
1
adjusted for maternal BMI values at 8-year Follow-up
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Table 75. Adjusted basic multiple regression model (adjusted for BMI values of the
children at the age of eight years) to predict the fasting blood concentration of insulin of a
child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of insulin [mU/l] in offsprings at eight years of age
2
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
1st quartile Reference
Reference
Maternal BMI values
2nd quartile 0.51 0.039
0.44
0.065
before pregnancy
2
3rd
quartile
0.16
0.513
0.03
0.908
[kg/m ]
4th quartile 0.61 0.014
0.47
0.049
1st quartile Reference
Reference
Duration of
2nd quartile -0.04 0.875
-0.09
0.704
pregnancy [weeks]
3rd quartile -0.04 0.89
-0.09
0.712
4th quartile -0.07 0.783
-0.11
0.661
1st quartile Reference
Reference
Umbilical cord blood
2nd quartile 0.32 0.179
0.21
0.366
concentration of
3rd quartile 0.35 0.155
0.23
0.336
cotinine [ng/ml]
0.18
0.437
4th quartile 0.25 0.293
<3000 g Reference
Reference
0.087
Child’s birth weight
3000 g - ≤ 3500g -0.17 0.49
-0.14
0.548
[g]
3500 g - ≤ 4000g -0.23 0.089
-0.21
0.115
0.152
-0.15
0.352
≥ 4000g -0.1 0.542
1st quartile Reference
Reference
BMI values of the
2nd quartile -0.19 0.425
children at the age of
2
3rd quartile 0.05 0.837
1 year [kg/m ]
4th quartile 0.43 0.075
male Reference
Reference
Sex
0.025
0.43
0.012
female 0.4
<3 0.44 0.082
0.36
0.141
3 - <6 0.01 0.983
-0.03
0.911
Duration of breast
feeding [months]
6-9 -0.33 0.155
-0.38
0.088
≥ 9 Reference
Reference
1st quartile
Reference
BMI values of the
2nd quartile
0.15
0.535
children at the age of
2
3rd quartile
0.24
0.307
8 years [kg/m ]
4th quartile
1.35 <0.0001
2
adjusted for BMI values of the children at the age of eight years
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Table 76. Adjusted basic multiple regression model (adjusted for maternal fasting blood
concentration of insulin at 8-year Follow-up of UBCS) to predict the fasting blood
concentration of insulin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of insulin [mU/l] in offsprings at eight years of age
3
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
1st quartile Reference
Reference
Maternal BMI values
2nd quartile 0.51 0.039
0.45
0.075
before pregnancy
2
3rd
quartile
0.16
0.513
0.14
0.579
[kg/m ]
4th quartile 0.61 0.014
0.47
0.073
1st quartile Reference
Reference
Duration of
2nd quartile -0.04 0.875
0.01
0.973
pregnancy [weeks]
3rd quartile -0.04 0.89
-0.05
0.853
4th quartile -0.07 0.783
-0.07
0.787
1st quartile Reference
Reference
Umbilical cord blood
2nd quartile 0.32 0.179
0.31
0.194
concentration of
3rd quartile 0.35 0.155
0.36
0.155
cotinine [ng/ml]
0.24
0.324
4th quartile 0.25 0.293
<3000 g Reference
Reference
0.087
Child’s birth weight
3000 g - ≤ 3500g -0.17 0.49
-0.18
0.467
[g]
3500 g - ≤ 4000g -0.23 0.089
-0.24
0.078
0.094
-0.1
0.541
≥ 4000g -0.1 0.542
1st quartile Reference
Reference
BMI values of the
2nd quartile -0.19 0.425
-0.18
0.441
children at the age of
2
3rd
quartile
0.05
0.837
0.06
0.811
1 year [kg/m ]
0.47
0.056
4th quartile 0.43 0.075
male Reference
Reference
Sex
0.025
0.4
0.027
female 0.4
<3 0.44 0.082
0.39
0.118
3 - <6 0.01 0.983
0.01
0.979
Duration of breast
feeding [months]
6-9 -0.33 0.155
-0.32
0.165
≥ 9 Reference
Reference
1st quartile
Reference
Maternal fasting
2nd quartile
0.25
0.307
blood concentration
3rd quartile
0.2
0.402
of insulin [mU/l]
4th quartile
0.47
0.064
3
adjusted for maternal fasting blood concentration of insulin
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Table 77. Adjusted basic multiple regression model (adjusted for paternal fasting blood
concentration of insulin at 8-year Follow-up of UBCS) to predict the fasting blood
concentration of insulin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of insulin [mU/l] in offsprings at eight years of age
4
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
1st quartile Reference
Reference
Maternal BMI values
2nd quartile 0.51 0.039
0.51
0.041
before pregnancy
2
3rd
quartile
0.16
0.513
0.16
0.511
[kg/m ]
4th quartile 0.61 0.014
0.62
0.013
1st quartile Reference
Reference
Duration of
2nd quartile -0.04 0.875
-0.01
0.969
pregnancy [weeks]
3rd quartile -0.04 0.89
-0.03
0.895
4th quartile -0.07 0.783
-0.06
0.807
1st quartile Reference
Reference
Umbilical cord blood
2nd quartile 0.32 0.179
0.34
0.155
concentration of
3rd quartile 0.35 0.155
0.36
0.147
cotinine [ng/ml]
0.27
0.265
4th quartile 0.25 0.293
<3000 g Reference
Reference
0.087
0.093
Child’s birth weight
3000 g - ≤ 3500g -0.17 0.49
-0.16
0.508
[g]
3500 g - ≤ 4000g -0.23 0.089
-0.25
0.071
-0.11
0.517
≥ 4000g -0.1 0.542
1st quartile Reference
Reference
BMI values of the
2nd quartile -0.19 0.425
-0.22
0.349
children at the age of
2
3rd
quartile
0.05
0.837
0.04
0.859
1 year [kg/m ]
0.43
0.076
4th quartile 0.43 0.075
male Reference
Reference
Sex
0.025
0.4
0.025
female 0.4
<3 0.44 0.082
0.44
0.083
3 - <6 0.01 0.983
0.01
0.965
Duration of breast
feeding [months]
6-9 -0.33 0.155
-0.38
0.105
≥ 9 Reference
Reference
1st quartile
Reference
Paternal fasting blood
2nd quartile
-0.24
0.374
concentration of
3rd quartile
0.26
0.324
insulin [mU/l]
4th quartile
-0.19
0.459
4
adjusted for paternal fasting blood concentration of insulin
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Table 78. Basic multiple regression model (crude and adjusted) to predict the fasting
blood concentration of glucose of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of glucose [mg/dl] in offsprings at eight years of age
crude
adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values before
0.031
0.026
0.829
0.000
0.003
0.983
2
pregnancy [kg/m ]
Duration of pregnancy
0.016
0.718
0.000
0.038
0.538
[weeks]
Umbilical cord blood
-0.024
0.332
0.002
-0.035
0.196
concentration of cotinine
[ng/ml]
Weight of the children at
0.002
0.069
0.007
0.001
0.653
birth [g]
BMI values of the children
0.563
0.005
0.008
0.373
0.298
2
at the age of 1 year [kg/m ]
Reference
Reference
Sex
male
-1.560
0.073
0.007
-2.277
0.036
female
Duration of breast feeding
0.908
0.908
0.000
0.002
0.646
[months]

Table 79. Adjusted basic multiple regression model (adjusted for maternal BMI values at
8-year Follow-up of UBCS) to predict the fasting blood concentration of glucose of a child
at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of glucose [mg/dl] in offsprings at eight years of age
1
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values before
2
pregnancy [kg/m ]

0.003

0.983

Duration of pregnancy
[weeks]

0.038

0.538

0.019

0.771

Umbilical cord blood
concentration of cotinine
[ng/ml]

-0.035

0.196

-0.034

0.198

0.001

0.653

0.001

0.449

0.373

0.298

0.313

0.388

Child’s birth weight [g]
BMI values of the children
2
at the age of 1 year [kg/m ]
Sex
male
female
Duration of breast feeding
[months]

0.031

0.033

Reference

Reference

-2.277

0.036

-0.264

0.042

0.002

0.646

0.004

0.429

0.039

0.739

Maternal BMI values at 82
year follow-up [kg/m ]
1
adjusted for maternal BMI values at 8-year Follow-up of UBCS
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Table 80. Adjusted basic multiple regression model (adjusted for BMI values of the
children at the age of eight years) to predict the fasting blood concentration of glucose of a
child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of glucose [mg/dl] in offsprings at eight years of age
2
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values before
2
pregnancy [kg/m ]

0.003

0.983

Duration of pregnancy
[weeks]

0.038

Umbilical cord blood
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
BMI values of the children
2
at the age of 1 year [kg/m ]
Sex
male

0.031

0.056

0.685

0.538

0.028

0.617

-0.035

0.196

-0.034

0.189

0.001

0.653

0.001

0.624

0.373

0.298

Reference
-2.277
0.036

female
Duration of breast feeding
0.002
0.646
[months]
BMI values of the children
at the age of 8 years
2
[kg/m ]
2
adjusted for BMI values of the children at the age of eight years

0.024

Reference
-2.238
0.026
0.001

0.849

0.098

0.695

Table 81. Adjusted basic multiple regression model (adjusted for maternal fasting blood
concentration of glucose at 8-year Follow-up of UBCS) to predict the fasting blood
concentration of glucose of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of glucose [mg/dl] in offsprings at eight years of age
3
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values before
0.031
0.032
0.003
0.983
0.011
0.944
2
pregnancy [kg/m ]
Duration of pregnancy
0.038
0.538
0.021
0.744
[weeks]
Umbilical cord blood
-0.035
0.196
-0.034
0.209
concentration of cotinine
[ng/ml]
0.001
0.653
0.001
0.451
Child’s birth weight [g]
BMI values of the children at
0.373
0.298
0.321
0.381
2
the age of 1 year [kg/m ]
Sex
male
Reference
Reference
-2.277
0.036
-0.220
0.046
female
Duration of breast feeding
0.002
0.646
0.003
0.517
[months]
Maternal fasting blood
concentration of glucose
0.006
0.802
[mg/dl]
3
adjusted for maternal fasting blood concentration of glucose at 8-year Follow-up of UBCS
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Table 82. Adjusted basic multiple regression model (adjusted for paternal fasting blood
concentration of glucose at 8-year Follow-up of UBCS) to predict the fasting blood
concentration of glucose of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of glucose [mg/dl] in offsprings at eight years of age
4
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values before
0.031
0.052
0.003
0.983
-0.165
0.349
2
pregnancy [kg/m ]
Duration of pregnancy
0.038
0.538
-0.042
0.566
[weeks]
Umbilical cord blood
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
BMI values of the children
2
at the age of 1 year [kg/m ]
Sex
male
female
Duration of breast feeding
[months]

-0.035

0.196

-0.032

0.477

0.001

0.653

0.001

0.487

0.373

0.298

0.200

0.667

-2.277

Reference
0.036

-1.750

Reference
0.171

0.002

0.646

-0.001

0.799

Paternal fasting blood
0.131
0.017
concentration of glucose
[mg/dl]
4
adjusted for paternal fasting blood concentration of glucose at 8-year Follow-up of UBCS
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Table 83. Basic multiple regression model (crude and adjusted) to predict the fasting
blood concentration of glucose of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of glucose [mg/dl] in offsprings at eight years of age
crude
adjusted
2
ß
p
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of pregnancy
[weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight [g]

BMI values of the
children at the age of 1
2
year [kg/m ]
Sex

Duration of breast
feeding [months]

1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
<3000 g
3000 g - ≤ 3500g
3500 g - ≤ 4000g
≥ 4000g
1st quartile
2nd quartile
3rd quartile
4th quartile
male
female

Reference
0.518 0.003
0.286
0.835
Reference
0.722 0.006
0.890
0.116
Reference
0.839 0.003
0.329
0.356
Reference
0.646 0.011
0.418
0.137
Reference
0.256 0.009
0.084
0.068
Reference
0.073 0.007

Reference
0.84 0.488
1.35 0.276
-0.04 0.974
Reference
0.81 0.510
0.42 0.743
2.33 0.058
Reference
0.81 0.503
1.62 0.192
1.08 0.373
Reference
-1.44 0.250
-1.18 0.082
0.56 0.510
Reference
1.30 0.273
1.95 0.103
1.97 0.112
Reference
-1.52 0.091

<3 -0.05 0.971 0.006
3 - <6 1.09 0.418
6-9 1.76 0.118
≥9
Reference

-0.47 0.718
0.48 0.724
1.74 0.129
Reference

LX

0.79
1.30
0.26
0.43
-0.17
1.83
0.24
1.17
1.10
-0.47
-0.50
1.20
1.35
2.04
2.19
-1.56

R

2

0.045
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Table 84. Adjusted basic multiple regression model (adjusted for maternal BMI values at
8-year Follow-up of UBCS) to predict the fasting blood concentration of glucose of a child
at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of glucose [mg/dl] in offsprings at eight years of age
1
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of pregnancy
[weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight [g]

BMI values of the
children at the age of 1
2
year [kg/m ]
Sex

1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
<3000 g
3000 g - ≤ 3500g
3500 g - ≤ 4000g
≥ 4000g
1st quartile
2nd quartile
3rd quartile
4th quartile
male
female

Reference
0.84 0.488
1.35 0.276
-0.04 0.974
Reference
0.81 0.510
0.42 0.743
2.33 0.058
Reference
0.81 0.503
1.62 0.192
1.08 0.373
Reference
-1.44 0.250
-1.18 0.082
0.56 0.510
Reference
1.30 0.273
1.95 0.103
1.97 0.112
Reference
-1.52 0.091

<3 -0.47 0.718
3 - <6 0.48 0.724
6-9 1.74 0.129
≥9
Reference
1st quartile
Maternal BMI values at
2nd quartile
8-year follow-up
2
3rd quartile
[kg/m ]
4th quartile
1
adjusted for maternal BMI values at 8-year Follow-up of UBCS
Duration of breast
feeding [months]

LXI

Reference

0.045

Reference
0.69 0.575
0.52 0.690
2.30 0.064
Reference
0.81 0.507
1.65 0.188
1.05 0.385
Reference
-1.32 0.291
-1.13 0.098
0.54 0.527
Reference
1.35 0.258
2.04 0.089
2.01 0.104
Reference
-1.47 0.105
-0.27 0.835
0.56 0.684
1.84 0.113
Reference
Reference
0.87 0.483
-0.15 0.901
-0.24 0.847

0.043
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Table 85. Adjusted basic multiple regression model (adjusted for BMI values of the
children at the age of eight years) to predict the fasting blood concentration of glucose of a
child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of glucose [mg/dl] in offsprings at eight years of age
2
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of pregnancy
[weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight [g]

BMI values of the
children at the age of 1
2
year [kg/m ]
Sex

1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
<3000 g
3000 g - ≤ 3500g
3500 g - ≤ 4000g
≥ 4000g
1st quartile
2nd quartile
3rd quartile
4th quartile
male
female

Reference
0.84 0.488
1.35 0.276
-0.04 0.974
Reference
0.81 0.510
0.42 0.743
2.33 0.058
Reference
0.81 0.503
1.62 0.192
1.08 0.373
Reference
-1.44 0.250
-1.18 0.082
0.56 0.510
Reference
1.30 0.273
1.95 0.103
1.97 0.112
Reference
-1.52 0.091

<3 -0.47 0.718
3 - <6 0.48 0.724
6-9 1.74 0.129
≥9
Reference
1st quartile
BMI values of the
2nd quartile
children at the age of
2
3rd quartile
8 years [kg/m ]
4th quartile
2
adjusted for BMI values of the children at the age of eight years
Duration of breast
feeding [months]

LXII

0.045

Reference
0.82 0.504
1.41 0.256
-0.17 0.889
Reference
0.66 0.585
0.15 0.906
2.36 0.053
2.36
0.86 0.481
1.85 0.139
1.04 0.391
Reference
-1.17 0.349
-1.09 0.105
0.60 0.482
Reference

Reference
-1.71 0.057
-0.03 0.983
0.55 0.687
1.77 0.122
Reference
Reference
3.03 0.015
2.22 0.074
1.84 0.143

0.050
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Table 86. Adjusted basic multiple regression model (adjusted for maternal fasting blood
concentration of glucose at 8-year Follow-up of UBCS) to predict the fasting blood
concentration of glucose of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of glucose [mg/dl] in offsprings at eight years of age
3
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of pregnancy
[weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight [g]

BMI values of the
children at the age of 1
2
year [kg/m ]
Sex

Duration of breast
feeding [months]

1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
<3000 g
3000 g - ≤ 3500g
3500 g - ≤ 4000g
≥ 4000g
1st quartile
2nd quartile
3rd quartile
4th quartile
male
female

Reference
0.84 0.488
1.35 0.276
-0.04 0.974
Reference
0.81 0.510
0.42 0.743
2.33 0.058
Reference
0.81 0.503
1.62 0.192
1.08 0.373
Reference
-1.44 0.250
-1.18 0.082
0.56 0.510
Reference
1.30 0.273
1.95 0.103
1.97 0.112
Reference
-1.52 0.091

<3 -0.47 0.718
3 - <6 0.48 0.724
6-9 1.74 0.129
Reference
≥9

0.045

Reference
1.07 0.385
1.49 0.227
0.03 0.981
Reference
0.76 0.535
0.42 0.743
2.20 0.073
Reference
1.14 0.349
1.74 0.159
1.23 0.309
Reference
-1.83 0.144
-1.34 0.051
0.05 0.956
Reference
1.34 0.259
1.79 0.136
1.97 0.112
Reference
-1.62 0.070
-0.75 0.563
0.81 0.549
1.62 0.157
Reference

1st quartile
Reference
2nd quartile
-1.71 0.166
3rd quartile
0.83 0.487
4th quartile
1.86 0.125
3
adjusted for maternal fasting blood concentration of glucose at 8-year Follow-up of UBCS
Maternal fasting blood
concentration of
glucose [mg/dl]

LXIII

0.059
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Table 87. Adjusted basic multiple regression model (adjusted for paternal fasting blood
concentration of glucose at 8-year Follow-up of UBCS) to predict the fasting blood
concentration of glucose of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of glucose [mg/dl] in offsprings at eight years of age
4
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of pregnancy
[weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight [g]

BMI values of the
children at the age of 1
2
year [kg/m ]
Sex

Duration of breast
feeding [months]

1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
<3000 g
3000 g - ≤ 3500g
3500 g - ≤ 4000g
≥ 4000g
1st quartile
2nd quartile
3rd quartile
4th quartile
male
female

Reference
0.84 0.488
1.35 0.276
-0.04 0.974
Reference
0.81 0.510
0.42 0.743
2.33 0.058
Reference
0.81 0.503
1.62 0.192
1.08 0.373
Reference
-1.44 0.250
-1.18 0.082
0.56 0.510
Reference
1.30 0.273
1.95 0.103
1.97 0.112
Reference
-1.52 0.091

<3 -0.47 0.718
3 - <6 0.48 0.724
6-9 1.74 0.129
≥9
Reference

0.045

Reference
0.87 0.478
1.42 0.255
-0.05 0.970
Reference
0.72 0.561
0.37 0.774
2.32 0.059
Reference
0.83 0.496
1.68 0.177
1.09 0.372
Reference
-1.24 0.326
-1.15 0.093
0.64 0.454
Reference
1.29 0.281
1.95 0.104
1.86 0.134
Reference
-1.54 0.088
-0.47 0.716
0.58 0.673
1.76 0.127
Reference

1st quartile
Reference
2nd quartile
-1.61 0.229
3rd quartile
-0.37 0.779
4th quartile
0.68 0.609
4
adjusted for paternal fasting blood concentration of glucose at 8-year Follow-up of UBCS
Paternal fasting blood
concentration of
glucose [mg/dl]

LXIV

0.049
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Table 88. Basic multiple regression model (crude and adjusted) to predict the fasting
blood concentration of adiponectin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of adiponectin [µg/ml] in offsprings at eight years of age
crude
adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
2
before pregnancy [kg/m ]

0.043

Duration of pregnancy
[weeks]
Umbilical cord blood
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
BMI values of the children
at the age of 1 year
2
[kg/m ]
Sex
male
female
Duration of breast feeding
[months]

0.361

0.002

0.018

0.753

0.033

0.082

0.007

0.036

0.154

0.008

0.397

0.002

0.004

0.696

0.000

0.046

0.009

0.001

0.338

0.002

-0.146

0.301
Reference

0.016

0.013

0.687

0.109

0.498

0.001

0.001

0.741

-0.094

0.433
Reference

0.839
0.001

0.033

Table 89. Further adjusted basic multiple regression model (adjusted for maternal BMI
values at 8-year Follow-up of UBCS) to predict the fasting blood concentration of
adiponectin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of adiponectin [µg/ml] in offsprings at eight years of age
1
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
2
0.033
0.033
before pregnancy [kg/m ]
0.018
0.753
Duration of pregnancy
[weeks]
Umbilical cord blood
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
BMI values of the children
2
at the age of 1 year [kg/m ]
Sex
male
female

0.036

0.154

0.034

0.201

0.004

0.696

0.004

0.731

0.001

0.338

0.000

0.488

-0.146

0.301
Reference

-0.179

0.215
Reference

0.687

0.109

0.606

0.169

0.001

0.652

0.045

0.337

Duration of breast feeding
[months]
0.001
0.741
Maternal BMI values at 82
year follow-up [kg/m ]
1
adjusted for maternal BMI values at 8-year Follow-up of UBCS

LXV
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Table 90. Further adjusted basic multiple regression model (adjusted for BMI values of
the children at the age of eight years) to predict the fasting blood concentration of
adiponectin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of adiponectin [µg/ml] in offsprings at eight years of age
2
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values before
2
0.033
0.024
0.018
0.753
0.036
0.514
pregnancy [kg/m ]
Duration of pregnancy
[weeks]
0.036
0.154
0.017
0.483
Umbilical cord blood
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
BMI values of the children
2
at the age of 1 year [kg/m ]
Sex

0.004

0.696

0.007

0.519

0.001

0.338

0.001

0.2

-0.146

0.301
Reference

male
female

0.687

Reference

0.109

Duration of breast feeding
[months]
0.001
0.741
BMI values of the children
at the age of 8 years
2
[kg/m ]
2
adjusted for BMI values of the children at the age of eight years

0.738

0.076

0.001

0.952

-0.108

0.307

Table 91. Further adjusted basic multiple regression model (adjusted for maternal fasting
blood concentration of adiponectin) to predict the fasting blood concentration of
adiponectin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of adiponectin [µg/ml] in offsprings at eight years of age
3
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values before
2
pregnancy [kg/m ]
Duration of pregnancy
[weeks]
Umbilical cord blood
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
BMI values of the children at
2
the age of 1 year [kg/m ]
Sex

male

0.018

0.753

0.036

0.033

0.081

0.159

0.154

0.033

0.181

0.004

0.696

0.006

0.532

0.001

0.338

0.001

0.191

-0.146

0.301
Reference

-0.176

0.201
Reference

0.791

0.06

0.000

0.946

0.311

<0.0001

female
0.687
0.109
Duration of breast feeding
0.001
0.741
[months]
Maternal fasting blood
concentration of adiponecin
[µg/ml]
3
adjusted for maternal fasting blood concentration of adiponectin

LXVI

0.138
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Table 92. Further adjusted basic multiple regression model (adjusted for paternal fasting
blood concentration of adiponectin) to predict the fasting blood concentration of
adiponectin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of adiponectin [µg/ml] in offsprings at eight years of age
4
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
2
before pregnancy [kg/m ]

0.018

0.753

Duration of pregnancy
[weeks]

0.036

Umbilical cord blood
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
BMI values of the children
at the age of 1 year
2
[kg/m ]
Sex
Duration of breast feeding
[months]

0.075

0.251

0.154

0.037

0.216

0.004

0.696

0.021

0.219

0.001

0.338

0.001

0.291

-0.146

0.301

-0.001

0.996

0.687

Reference
0.109

0.769

Reference
0.119

0.001

0.741

0.004

0.083

0.304

<0.0001

male
female

0.033

Paternal fasting blood
concentration of
adiponecin [µg/ml]
4
for paternal fasting blood concentration of adiponectin

LXVII

0.165
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Table 93. Basic multiple regression model (crude and adjusted) to predict the fasting
blood concentration of adiponectin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of adiponectin [µg/ml] in offsprings at eight years of age
crude
adjusted
2
ß
p
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of
pregnancy [weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight
[g]

BMI values of the
children at the age of
2
1 year [kg/m ]
Sex

Duration of breast
feeding [months]

1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
<3000 g
3000 g - ≤ 3500g
3500 g - ≤ 4000g
≥ 4000g
1st quartile
2nd quartile
3rd quartile
4th quartile
male
female

Reference
0.406 0.006
0.269
0.492
Reference
0.863 0.002
0.422
0.879
Reference
0.488 0.008
0.122
0.091
Reference
0.818 0.012
0.141
0.189
Reference
0.961 0.015
0.122
0.179
Reference
0.016 0.013

Reference
0.85
0.082
0.66
0.173
0.35
0.479
Reference
-0.15
0.758
-0.82
0.104
-0.32
0.521
Reference
0.14
0.767
0.47
0.348
0.84
0.077
Reference
0.09
0.859
0.66
0.016
0.74
0.029
Reference
0.04
0.925
0.74
0.119
-0.81
0.096
Reference
1.00
0.005

<3 -0.32 0.516 0.004
3 - <6 -0.09 0.872
6-9 -0.60 0.188
Reference
≥9

-0.19
0.707
-0.02
0.965
-0.44
0.342
Reference

0.80
0.54
0.33
-0.08
-0.39
-0.07
0.33
0.75
0.80
-0.11
0.37
0.43
-0.02
0.74
-0.64
0.84

LXVIII
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Table 94. Further adjusted basic multiple regression model (adjusted for maternal BMI
values at 8-year Follow-up of UBCS) to predict the fasting blood concentration of
adiponectin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of adiponectin [µg/ml] in offsprings at eight years of age
1
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of pregnancy
[weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight [g]

BMI values of the
children at the age of
2
1 year [kg/m ]
Sex

1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
<3000 g
3000 g - ≤ 3500g
3500 g - ≤ 4000g
≥ 4000g
1st quartile
2nd quartile
3rd quartile
4th quartile
male
female

Reference
0.85 0.082
0.66 0.173
0.35 0.479
Reference
-0.15 0.758
-0.82 0.104
-0.32 0.521
Reference
0.14 0.767
0.47 0.348
0.84 0.077
Reference
0.09 0.859
0.66 0.016
0.74 0.029
Reference
0.04 0.925
0.74 0.119
-0.81 0.096
Reference
1.00 0.005

<3 -0.19 0.707
Duration of breast
3 - <6 -0.02 0.965
feeding [months]
6-9 -0.44 0.342
≥9
Reference
1st quartile
Maternal BMI values
2nd quartile
at 8-year follow-up
2
3rd quartile
[kg/m ]
4th quartile
1
adjusted for maternal BMI values at 8-year Follow-up of UBCS

LXIX

Reference

0.070

Reference
-0.22 0.643
-0.86 0.092
-0.47 0.356
Reference
0.13 0.785
0.44 0.373
0.81 0.089
Reference
0.12 0.815
0.66 0.016
0.74 0.031
Reference
0.03 0.953
0.79 0.101
-0.77 0.113
Reference
1.01 0.005
-0.23 0.644
-0.14 0.792
-0.44 0.339
Reference
Reference
0.15 0.762
-0.01 0.987
0.45 0.364

0.065
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Table 95. Further adjusted basic multiple regression model (adjusted for BMI values of
the children at the age of eight years) to predict the fasting blood concentration of
adiponectin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of adiponectin [µg/ml] in offsprings at eight years of age
2
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of pregnancy
[weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight [g]

BMI values of the
children at the age of
2
1 year [kg/m ]
Sex

1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
<3000 g
3000 g - ≤ 3500g
3500 g - ≤ 4000g
≥ 4000g
1st quartile
2nd quartile
3rd quartile
4th quartile
male
female

Reference
0.85 0.082
0.66 0.173
0.35 0.479
Reference
-0.15 0.758
-0.82 0.104
-0.32 0.521
Reference
0.14 0.767
0.47 0.348
0.84 0.077
Reference
0.09 0.859
0.66 0.016
0.74 0.029
Reference
0.04 0.925
0.74 0.119
-0.81 0.096
Reference
1.00 0.005

<3 -0.19 0.707
Duration of breast
3 - <6 -0.02 0.965
feeding [months]
6-9 -0.44 0.342
≥9
Reference
1st quartile
BMI values of the
2nd quartile
children at the age of
2
3rd quartile
8 years [kg/m ]
4th quartile
2
adjusted for BMI values of the children at the age of eight years

LXX

0.070

Reference
0.84 0.092
0.66 0.182
0.29 0.556
Reference
-0.08 0.867
-0.75 0.138
-0.31 0.541
Reference
0.21 0.672
0.56 0.267
0.88 0.067
Reference
0.08 0.864
0.59 0.030
0.69 0.044
Reference

Reference
1.00 0.006
-0.21 0.674
-0.05 0.933
-0.51 0.272
Reference
Reference
0.09 0.859
-0.09 0.856
-0.31 0.531

0.054
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Table 96. Further adjusted basic multiple regression model (adjusted for maternal fasting
blood concentration of adiponectin at 8-year Follow-up) to predict the fasting blood
concentration of adiponectin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of adiponectin [µg/ml] in offsprings at eight years of age
3
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of
pregnancy [weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight
[g]

BMI values of the
children at the age of
2
1 year [kg/m ]
Sex

Duration of breast
feeding [months]

1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
<3000 g
3000 g - ≤ 3500g
3500 g - ≤ 4000g
≥ 4000g
1st quartile
2nd quartile
3rd quartile
4th quartile
male
female

Reference
0.85 0.082
0.66 0.173
0.35 0.479
Reference
-0.15 0.758
-0.82 0.104
-0.32 0.521
Reference
0.14 0.767
0.47 0.348
0.84 0.077
Reference
0.09 0.859
0.66 0.016
0.74 0.029
Reference
0.04 0.925
0.74 0.119
-0.81 0.096
Reference
1.00 0.005

<3 -0.19 0.707
3 - <6 -0.02 0.965
6-9 -0.44 0.342
≥9
Reference

0.070

Reference
0.51
0.279
0.49
0.288
0.81
0.089
Reference
-0.27
0.557
-0.79
0.104
-0.42
0.379
Reference
0.22
0.635
0.74
0.122
0.85
0.061
Reference
-0.03
0.948
0.53
0.042
0.69
0.032
Reference
-0.26
0.555
0.71
0.119
-0.91
0.051
Reference
0.95
0.005
-0.34
0.485
-0.17
0.739
-0.55
0.214
Reference

1st quartile
Reference
2nd quartile
0.28
0.542
3rd quartile
1.76
0.000
4th quartile
2.91 <0.0001
3
adjusted for maternal fasting blood concentration of adiponectin at 8-year Follow-up
Maternal fasting
blood concentration
of adiponectin [µg/ml]

LXXI

0.161
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Table 97. Further adjusted basic multiple regression model (adjusted for paternal fasting
blood concentration of adiponectin at 8-year Follow-up) to predict the fasting blood
concentration of adiponectin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of adiponectin [µg/ml] in offsprings at eight years of age
4
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of pregnancy
[weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight [g]

BMI values of the
children at the age of
2
1 year [kg/m ]
Sex

Duration of breast
feeding [months]

1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
<3000 g
3000 g - ≤ 3500g
3500 g - ≤ 4000g
≥ 4000g
1st quartile
2nd quartile
3rd quartile
4th quartile
male
female

Reference
0.85 0.082
0.66 0.173
0.35 0.479
Reference
-0.15 0.758
-0.82 0.104
-0.32 0.521
Reference
0.14 0.767
0.47 0.348
0.84 0.077
Reference
0.09 0.859
0.66 0.016
0.74 0.029
Reference
0.04 0.925
0.74 0.119
-0.81 0.096
Reference
1.00 0.005

<3 -0.19 0.707
3 - <6 -0.02 0.965
6-9 -0.44 0.342
≥9
Reference

0.070

Reference
1.00 0.040
0.73 0.132
0.42 0.386
Reference
-0.15 0.767
-0.76 0.129
-0.48 0.338
Reference
0.16 0.738
0.49 0.315
0.91 0.052
Reference
0.12 0.802
0.66 0.014
0.68 0.043
Reference
0.01 0.987
0.60 0.206
-0.91 0.062
Reference
1.11 0.002
-0.12 0.815
0.00 0.998
-0.33 0.474
Reference

1st quartile
Reference
2nd quartile
-0.50 0.334
3rd quartile
0.54 0.289
4th quartile
1.66 0.002
4
adjusted for paternal fasting blood concentration of adiponectin at 8-year Follow-up
Paternal fasting blood
concentration of
adiponectin [µg/ml]
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Table 98. Basic multiple regression model (crude and adjusted) to predict the fasting
blood concentration of Apolipoprotein B of a child at the age of eight years (UBCS)
(ApoB, Apolipoprotein B; BMI, Body Mass Index; ß, beta regression coefficient; R2 coefficient of
determination; UBCS, Ulm Birth Cohort Study)
Fasting blood level of ApoB [g/l] in offsprings at eight years of age
crude
adjusted
2
ß
p
R
ß
p
Maternal BMI values before
2
pregnancy [kg/m ]
Duration of pregnancy
[weeks]
Umbilical cord blood
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
BMI values of the children at
2
the age of 1 year [kg/m ]
Sex
male
female
Duration of breast feeding
[months]

0.003

0.095

0.006

0.004

0.066

-0.001

0.299

0.002

-0.001

0.168

0.000

0.542

0.001

0.000

0.492

0.000

0.545

0.001

0.000

0.0401

0.001

0.848

0.000

0.000

0.903

Reference
0.008
0.015

0.035

Reference
0.024

0.000

0.255

0.033
0.000

0.939

0.000

R

2

0.042

Table 99. Adjusted basic multiple regression model (adjusted for maternal BMI values at
8-year Follow-up of UBCS) to predict the fasting blood concentration of Apolipoprotein B
of a child at the age of eight years (UBCS)
2

(ApoB, Apolipoprotein B; BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of
determination; UBCS, Ulm Birth Cohort Study)
Fasting blood level of ApoB [g/l] in offsprings at eight years of age
1
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values before
2
pregnancy [kg/m ]
Duration of pregnancy
[weeks]
Umbilical cord blood
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
BMI values of the children at
2
the age of 1 year [kg/m ]
Sex
male
female

0.042

0.046

0.004

0.066

-0.001

0.168

-0.001

0.144

0.000

0.492

0.000

0.487

0.000

0.0401

0.000

0.068

0.000

0.903

0.003

0.541

0.035

Reference
0.024

0.036

Reference
0.024

0.000

0.259

0.003

0.044

Duration of breast feeding
0.000
0.255
[months]
Maternal BMI values at 82
year follow-up [kg/m ]
1
adjusted for maternal BMI values at 8-year Follow-up of UBCS
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Table 100. Adjusted basic multiple regression model (adjusted for BMI values of the
children at the age of eight years) to predict the fasting blood concentration of
Apolipoprotein B of a child at the age of eight years (UBCS)
2

(ApoB, Apolipoprotein B; BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of
determination; UBCS, Ulm Birth Cohort Study)
Fasting blood level of ApoB [g/l] in offsprings at eight years of age
2
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values before
0.042
0.055
0.004
0.066
0.001
0.47
2
pregnancy [kg/m ]
Duration of pregnancy
-0.001
0.168
-0.001
0.187
[weeks]
Umbilical cord blood
0.000
0.492
0.000
0.756
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
BMI values of the children
2
at the age of 1 year [kg/m ]
Sex

0.000

0.0401

0.000

0.903

0.035

Reference
0.024

male

female
Duration of breast feeding
0.000
0.255
[months]
BMI values of the children
at the age of 8 years
2
[kg/m ]
2
adjusted for BMI values of the children at the age of eight years
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0.000

0.205

0.040

Reference
0.008

0.000

0.661

0.011

0.004
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Table 101. Adjusted basic multiple regression model (adjusted for maternal BMI values
and fasting insulin level at 8-year Follow-up of UBCS) to predict the fasting blood
concentration of Apolipoprotein B of a child at the age of eight years (UBCS)
2

(ApoB, Apolipoprotein B; BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of
determination; UBCS, Ulm Birth Cohort Study)
Fasting blood level of ApoB [g/l] in offsprings at eight years of age
3
4
adjusted
further adjusted
further adjusted
2
2
2
ß
p
R
ß
p
R
ß
p
R
Maternal BMI
values before
pregnancy
2
[ kg/m ]
Duration of
pregnancy
[weeks]
Umbilical
cord blood
concentration
of cotinine
[ng/ml]
Child’s birth
weight [g]
BMI values
of the
children at
the age of 1
2
year [ kg/m ]
Sex

0.004

0.042

0.179

0.173

0.002

0.282

-0.001 0.168

-0.001

0.307

0.001

0.197

0.000

0.492

0.000

0.613

0.000

0.584

0.000 0.0401

0.000

0.279

0.000

0.247

0.000

0.903

0.004

0.351

0.005

0.33

Reference
0.024

0.032

male
female 0.035

0.066

Reference
0.028

0.032

Reference
0.025

Duration of
breast
0.000 0.255
0.000
0.492
0.000 0.578
feeding
[months]
Maternal BMI
values at 80.002 0.313
year follow2
up [ kg/m ]
Maternal
fasting blood
0.230 <0.0001
0.228 <0.0001
concentration
of ApoB [g/l]
3
adjusted for maternal BMI values at 8-year Follow-up of UBCS
4
adjusted for maternal BMI values and fasting insulin concentration at 8-year Follow-up of UBCS
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Table 102. Adjusted basic multiple regression model (adjusted for paternal fasting insulin
level at 8-year Follow-up of UBCS) to predict the fasting blood concentration of
Apolipoprotein B of a child at the age of eight years (UBCS)
2

(ApoB, Apolipoprotein B; BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of
determination; UBCS, Ulm Birth Cohort Study)
Fasting blood level of ApoB [g/l] in offsprings at eight years of age
5
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values before
0.042
0.116
0.004
0.066
0.004
0.124
2
pregnancy [ kg/m ]
Duration of pregnancy
-0.001
0.168
-0.001
0.595
[weeks]
Umbilical cord blood
0.000
0.492
-0.003
0.669
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
BMI values of the children
2
at the age of 1 year [ kg/m ]
Sex
male
female

0.000

0.0401

0.000

0.387

0.000

0.903

0.004

0.594

Reference
0.035
0.024

Reference
0.036
0.062

Duration of breast feeding
0.000
0.255
0.000
0.069
[months]
Paternal fasting blood
0.161
0.0002
concentration of ApoB [g/l]
5
adjusted for paternal fasting insulin concentration at 8-year Follow-up of UBCS
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Table 103. Basic multiple regression model (crude and adjusted) to predict the fasting
blood concentration of Apolipoprotein B of a child at the age of eight years (UBCS)
2

(ApoB, Apolipoprotein B; BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of
determination; UBCS, Ulm Birth Cohort Study)
Fasting blood level of ApoB [g/l] in offsprings at eight years of age
crude
adjusted
2
ß
p
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of
pregnancy [weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight
[g]

BMI values of the
children at the age of
2
1 year [kg/m ]
Sex

Duration of breast
feeding [months]

1st quartile
Reference
2nd quartile 0.02 0.357 0.009
3rd quartile 0.01 0.441
4th quartile 0.03 0.046
1st quartile
Reference
2nd quartile 0.00 0.821 0.006
3rd quartile -0.02 0.192
4th quartile -0.01 0.412
1st quartile
Reference
2nd quartile 0.02 0.193 0.008
3rd quartile 0.03 0.082
4th quartile 0.02 0.182

Reference
0.01
0.401
0.02
0.387
0.03
0.086
Reference
0.00
0.807
-0.03
0.070
-0.02
0.268
Reference
0.02
0.311
0.02
0.257
0.02
0.201

<3000 g
Reference
3000 g - ≤ 3500g -0.01 0.669 0.002
3500 g - ≤ 4000g 0.00 0.779
≥ 4000g 0.00 0.730
1st quartile
Reference
2nd quartile 0.01 0.469 0.012
3rd quartile -0.03 0.106
4th quartile 0.01 0.587
male
Reference
female 0.03 0.008 0.015

Reference
0.00
0.890
0.01
0.311
0.01
0.363
Reference
0.01
0.428
-0.03
0.085
0.00
0.811
Reference
0.03
0.007

<3 0.01 0.669 0.003
3 - <6 0.01 0.522
6-9 -0.01 0.463
≥9
Reference

0.01
0.662
0.01
0.692
-0.01
0.537
Reference
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Table 104. Adjusted basic multiple regression model (adjusted for maternal BMI values at
8-year Follow-up of UBCS) to predict the fasting blood concentration of Apolipoprotein B
of a child at the age of eight years (UBCS)
2

(ApoB, Apolipoprotein B; BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of
determination; UBCS, Ulm Birth Cohort Study)
Fasting blood level of ApoB [g/l] in offsprings at eight years of age
1
adjusted
adjusted
2
2
ß
p
R
ß
p
R
1st quartile
Reference
Reference
Maternal BMI values
2nd quartile 0.01 0.401
before pregnancy
2
3rd quartile 0.02 0.387
[kg/m ]
4th quartile 0.03 0.086
1st quartile
Reference
Reference
Duration of pregnancy
2nd quartile 0.00 0.807
0.00 0.871
[weeks]
3rd quartile -0.03 0.070
-0.04 0.040
-0.03 0.158
4th quartile -0.02 0.268
1st quartile
Reference
Reference
Umbilical cord blood
2nd quartile 0.02 0.311
0.02 0.326
concentration of
3rd quartile 0.02 0.257
0.02 0.309
cotinine [ng/ml]
4th quartile 0.02 0.201
0.02 0.219
<3000 g
Reference
Reference
0.056
3000 g - ≤ 3500g 0.00 0.890
0.00 0.909
Child’s birth weight [g]
3500 g - ≤ 4000g 0.01 0.311
0.01 0.303
0.065
≥ 4000g 0.01 0.363
0.01 0.287
1st quartile
Reference
Reference
BMI values of the
2nd quartile 0.01 0.428
0.01 0.455
children at the age of 1
2
3rd quartile -0.03 0.085
-0.03 0.099
year [kg/m ]
4th quartile 0.00 0.811
0.01 0.737
male
Reference
Reference
Sex
female 0.03 0.007
0.03 0.008
<3 0.01 0.662
0.00 0.836
Duration of breast
3 - <6 0.01 0.692
0.00 0.899
feeding [months]
6-9 -0.01 0.537
-0.01 0.473
≥9
Reference
Reference
1st quartile
Reference
Maternal BMI values at
2nd quartile
0.00 0.986
8-year follow-up
2
3rd quartile
0.01 0.487
[kg/m ]
4th quartile
0.04 0.016
1
adjusted for maternal BMI values at 8-year Follow-up of UBCS
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Table 105. Adjusted basic multiple regression model (adjusted for childrens´ BMI values
at the age of eight years) to predict the fasting blood concentration of Apolipoprotein B of
a child at the age of eight years (UBCS)
2

(ApoB, Apolipoprotein B; BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of
determination; UBCS, Ulm Birth Cohort Study)
Fasting blood level of ApoB [g/l] in offsprings at eight years of age
2
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of pregnancy
[weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight [g]

BMI values of the
children at the age of 1
2
year [kg/m ]
Sex

1st quartile
Reference
2nd quartile 0.01 0.401
3rd quartile 0.02 0.387
4th quartile 0.03 0.086
1st quartile
Reference
2nd quartile 0.00 0.807
3rd quartile -0.03 0.070
4th quartile -0.02 0.268
1st quartile
Reference
2nd quartile 0.02 0.311
3rd quartile 0.02 0.257
4th quartile 0.02 0.201
<3000 g
Reference
3000 g - ≤ 3500g 0.00 0.890
3500 g - ≤ 4000g 0.01 0.311
≥ 4000g 0.01 0.363
1st quartile
Reference
2nd quartile 0.01 0.428
3rd quartile -0.03 0.085
4th quartile 0.00 0.811
male
Reference
female 0.03 0.007

<3 0.01 0.662
Duration of breast
3 - <6 0.01 0.692
feeding [months]
6-9 -0.01 0.537
≥9
Reference
1st quartile
BMI values of the
2nd quartile
children at the age of
2
3rd quartile
8 years [kg/m ]
4th quartile
2
adjusted for children’s BMI values at teh age of eight years
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Reference
0.01 0.529
0.01 0.641
0.03 0.141
Reference
0.00 0.781
-0.03 0.084
-0.02 0.281
Reference
0.01 0.492
0.02 0.388
0.02 0.322
0.056

Reference
0.00 0.789
0.01 0.317
0.01 0.513
Reference

Reference
0.03 0.003
0.00 0.944
0.00 0.867
-0.01 0.488
Reference
Reference
-0.01 0.599
-0.01 0.704
0.04 0.037

0.062
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Table 106. Adjusted basic multiple regression model (adjusted for maternal fasting ApoB
concentration at 8-year Follow-up of UBCS) to predict the fasting blood concentration of
Apolipoprotein B of a child at the age of eight years (UBCS)
2

(ApoB, Apolipoprotein B; BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of
determination; UBCS, Ulm Birth Cohort Study)
Fasting blood level of ApoB [g/l] in offsprings at eight years of age
3
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of
pregnancy [weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight [g]

BMI values of the
children at the age of
2
1 year [kg/m ]
Sex

Duration of breast
feeding [months]

Maternal BMI values
at 8-year follow-up
2
[kg/m ]

1st quartile
Reference
2nd quartile 0.01 0.401
3rd quartile 0.02 0.387
4th quartile 0.03 0.086
1st quartile
Reference
2nd quartile 0.00 0.807
3rd quartile -0.03 0.070
4th quartile -0.02 0.268
1st quartile
Reference
2nd quartile 0.02 0.311
3rd quartile 0.02 0.257
4th quartile 0.02 0.201
<3000 g
Reference
3000 g - ≤ 3500g 0.00 0.890
3500 g - ≤ 4000g 0.01 0.311
≥ 4000g 0.01 0.363
1st quartile
Reference
2nd quartile 0.01 0.428
3rd quartile -0.03 0.085
4th quartile 0.00 0.811
male
Reference
female 0.03 0.007
<3 0.01 0.662
3 - <6 0.01 0.692
6-9 -0.01 0.537
≥9
Reference
1st quartile
2nd quartile
3rd quartile
4th quartile

Reference

Reference
0.01
0.629
-0.02
0.203
-0.03
0.128
Reference
0.01
0.575
0.02
0.327
0.01
0.427
0.056

Reference
0.00
0.867
0.01
0.438
0.01
0.278
Reference
0.01
0.401
-0.02
0.272
0.01
0.593
Reference
0.04
0.004
0.01
0.711
0.00
0.886
-0.01
0.345
Reference
Reference
0.00
0.844
0.00
0.779
0.02
0.355

1st quartile
Reference
2nd quartile
0.03
0.102
3rd quartile
0.06
0.000
4th quartile
0.09
<0.0001
3
adjusted for maternal fasting ApoB concentration at 8-year Follow-up of UBCS
Maternal fasting
blood concentration
of ApoB [g/l]
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Table 107. Adjusted basic multiple regression model (adjusted for paternal fasting ApoB
concentration at 8-year Follow-up of UBCS) to predict the fasting blood concentration of
Apolipoprotein B of a child at the age of eight years (UBCS)
2

(ApoB, Apolipoprotein B; BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of
determination; UBCS, Ulm Birth Cohort Study)
Fasting blood level of ApoB [g/l] in offsprings at eight years of age
4
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of pregnancy
[weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight [g]

BMI values of the
children at the age of 1
2
year [kg/m ]
Sex

Duration of breast
feeding [months]

1st quartile
Reference
2nd quartile 0.01 0.401
3rd quartile 0.02 0.387
4th quartile 0.03 0.086
1st quartile
Reference
2nd quartile 0.00 0.807
3rd quartile -0.03 0.070
4th quartile -0.02 0.268
1st quartile
Reference
2nd quartile 0.02 0.311
3rd quartile 0.02 0.257
4th quartile 0.02 0.201
<3000 g
Reference
3000 g - ≤ 3500g 0.00 0.890
3500 g - ≤ 4000g 0.01 0.311
≥ 4000g 0.01 0.363
1st quartile
Reference
2nd quartile 0.01 0.428
3rd quartile -0.03 0.085
4th quartile 0.00 0.811
male
Reference
female 0.03 0.007
<3 0.01 0.662
3 - <6 0.01 0.692
6-9 -0.01 0.537
≥9
Reference

Reference
0.01 0.406
0.01 0.528
0.03 0.096
Reference
0.01 0.677
-0.03 0.079
-0.02 0.217
Reference
0.01 0.467
0.02 0.357
0.02 0.197
0.056

Reference
0.00 0.939
0.01 0.290
0.01 0.403
Reference
0.01 0.569
-0.03 0.072
0.01 0.768
Reference
0.04 0.004
0.01 0.541
0.01 0.763
-0.01 0.523
Reference

1st quartile
Reference
2nd quartile
0.01 0.634
3rd quartile
0.05 0.014
4th quartile
0.05 0.019
4
adjusted for maternal fasting ApoB concentration at 8-year Follow-up of UBCS
Paternal fasting blood
concentration of ApoB
[g/l]
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Table 108. Basic multiple regression model (crude and adjusted) to predict the fasting
blood concentration of RBP4 of a child at the age of eight years (UBCS)
(BMI, Body Mass Index; ß, beta regression coefficient; RBP4, Retinol-Binding-Protein 4; R
coefficient of determination; UBCS, Ulm Birth Cohort Study)
Fasting blood level of RBP4 [g/l] in offsprings at eight years of age
crude
adjusted
2
ß
p
R
ß
p
Maternal BMI values before
2
pregnancy [kg/m ]

0.021

0.704

0.000

-0.003

0.968

Duration of pregnancy
[weeks]

-0.050

0.020

0.012

-0.051

0.086

Umbilical cord blood
concentration of cotinine
[ng/ml]

-0.006

0.059

0.001

-0.006

0.615

0.000

0.018

0.004

0.000

0.452

0.001

0.848

0.000

0.369

0.029

0.001

0.616

Reference
0.226

0.003

0.000

0.935

Child’s birth weight [g]
BMI values of the children
2
at the age of 1 year [kg/m ]
Sex

male
female

Duration of breast feeding
[months]

0.214
-0.002

Reference
0.601
0.286

R

2

2

0.044

Table 109. Adjusted basic multiple regression model (adjusted for maternal BMI values at
8-year Follow-up of UBCS) to predict the fasting blood concentration of RBP4 of a child at
the age of eight years (UBCS)
(BMI, Body Mass Index; ß, beta regression coefficient; RBP4, Retinol-Binding-Protein 4; R
coefficient of determination; UBCS, Ulm Birth Cohort Study)

2

Fasting blood level of RBP4 [g/l] in offsprings at eight years of age
1
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
2
before pregnancy [kg/m ]
0.044
0.053
-0.003
0.968
Duration of pregnancy
[weeks]

-0.051

0.086

-0.064

0.041

Umbilical cord blood
concentration of cotinine
[ng/ml]

-0.006

0.615

-0.007

0.581

0.000

0.452

0.000

0.622

0.369

0.029
Reference

0.398

0.02
Reference

0.563

0.278

0.000

0.707

-0.04

0.491

Child’s birth weight [g]
BMI values of the children
2
at the age of 1 year [kg/m ]
Sex
male

female
0.616
0.226
Duration of breast feeding
[months]
0.000
0.935
Maternal BMI values at 82
year follow-up [kg/m ]
1
adjusted for maternal BMI values at 8-year Follow-up of UBCS
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Table 110. Adjusted basic multiple regression model (adjusted for BMI values of the
children at the age of eight years) to predict the fasting blood concentration of RBP4 of a
child at the age of eight years (UBCS)
(BMI, Body Mass Index; ß, beta regression coefficient; RBP4, Retinol-Binding-Protein 4; R
coefficient of determination; UBCS, Ulm Birth Cohort Study)
Fasting blood level of RBP4 [g/l] in offsprings at eight years of age
2
adjusted
adjusted
2
ß
p
R
ß
p
Maternal BMI values before
2
pregnancy [kg/m ]
Duration of pregnancy
[weeks]
Umbilical cord blood
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
BMI values of the children at
2
the age of 1 year [kg/m ]
Sex

male
female

Duration of breast feeding
[months]

-0.003

0.968

-0.051

0.044

0.002

0.976

0.086

-0.048

0.075

-0.006

0.615

-0.012

0.296

0.000

0.452

-0.001

0.326

0.369

0.029

Reference
0.616
0.226

Reference
0.650
0.16

0.000

-0.001

0.611

0.443

0.002

0.935

BMI values of the children at
2
the age of 8 years [kg/m ]
2
adjusted for BMI values of the children at the age of eight years

R

2

2

0.073

Table 111. Adjusted basic multiple regression model (adjusted for maternal fasting blood
concentration of RBP4 at 8-year Follow-up of UBCS) to predict the fasting blood
concentration of RBP4 of a child at the age of eight years (UBCS)
(BMI, Body Mass Index; ß, beta regression coefficient; RBP4, Retinol-Binding-Protein 4; R
coefficient of determination; UBCS, Ulm Birth Cohort Study)

2

Fasting blood level of RBP4 [g/l] in offsprings at eight years of age
3
adjusted
adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values before
2
pregnancy [kg/m ]
Duration of pregnancy
[weeks]
Umbilical cord blood
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
BMI values of the children at
2
the age of 1 year [kg/m ]
Sex
male
female
Duration of breast feeding
[months]

-0.003

0.968

-0.051

0.044

-0.012

0.861

0.086

-0.051

0.093

-0.006

0.615

-0.003

0.827

0.000

0.452

0.000

0.269

0.369

0.029

0.343

0.046

Reference
0.616
0.226

Reference
0.603
0.245

0.000

0.000

0.935

0.938

Maternal fasting blood level
0.116
0.0002
of RBP4 [g/l]
3
adjusted for maternal fasting blood concentration of RBP4 at 8-year Follow-up of UBCS

LXXXIII

0.097
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Table 112. Adjusted basic multiple regression model (adjusted for paternal fasting blood
concentration of RBP4 at 8-year Follow-up of UBCS) to predict the fasting blood
concentration of RBP4 of a child at the age of eight years (UBCS)
(BMI, Body Mass Index; ß, beta regression coefficient; RBP4, Retinol-Binding-Protein 4; R
coefficient of determination; UBCS, Ulm Birth Cohort Study)
Fasting blood level of RBP4 [g/l] in offsprings at eight years of age
4
adjusted
adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
2
before pregnancy [kg/m ]

-0.003

0.968

Duration of pregnancy
[weeks]

-0.051

Umbilical cord blood
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
BMI values of the children
at the age of 1 year
2
[kg/m ]
Sex

male
female

0.044

-0.055

0.493

0.086

-0.039

0.276

-0.006

0.615

-0.011

0.575

0.000

0.452

-0.001

0.337

0.369

0.029

0.490

0.029

Reference
0.616
0.226

Reference
0.261
0.669

Duration of breast feeding
0.000
0.935
0.000
0.939
[months]
Paternal fasting blood
concentration of RBP4
0.047
0.04
[g/l]
4
adjusted for paternal fasting blood concentration of RBP4 at 8-year Follow-up of UBCS

LXXXIV

0.085
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Table 113. Basic multiple regression model (crude and adjusted) to predict the fasting
blood concentration of RBP4 of a child at the age of eight years (UBCS)
(BMI, Body Mass Index; ß, beta regression coefficient; RBP4, Retinol-Binding-Protein 4; R
coefficient of determination; UBCS, Ulm Birth Cohort Study)
Fasting blood level of RBP4 [g/l] in offsprings at eight years of age
crude
adjusted
2
2
ß
p
R
ß
p
R
1st quartile
Reference
Reference
Maternal BMI values
2nd quartile 0.57 0.327 0.005
0.35
0.553
before pregnancy
2
3rd quartile 0.82 0.152
0.55
0.346
[kg/m ]
4th quartile 0.42 0.465
0.22
0.711
1st quartile
Reference
Reference
Duration of
2nd quartile -0.46 0.398 0.005
-0.22
0.702
pregnancy [weeks]
3rd quartile -0.73 0.204
-0.47
0.438
4th quartile -0.60 0.286
-0.22
0.709
1st quartile
Reference
Reference
Umbilical cord blood
2nd quartile 0.22 0.698 0.018
0.25
0.665
concentration of
3rd
quartile
1.46
0.009
1.34
0.023
cotinine [ng/ml]
4th quartile -0.13 0.818
-0.22
0.700
<3000 g
Reference
Reference
0.044
Child’s birth weight
3000 g - ≤ 3500g 0.00 0.998 0.006
-0.19
0.753
[g]
3500 g - ≤ 4000g -0.12 0.684
-0.15
0.641
≥ 4000g -0.56 0.148
-0.57
0.161
1st quartile
Reference
Reference
BMI values of the
2nd quartile -0.07 0.897 0.013
-0.19
0.738
children at the age
2
3rd
quartile
-0.96
0.089
0.80
0.161
of 1 year [kg/m ]
0.84
0.148
4th quartile 0.97 0.086
male
Reference
Reference
Sex
0.13
0.762
female 0.21 0.601 0.006
<3 0.76 0.188 0.006
0.41
0.494
Duration of breast
3 - <6 0.78 0.213
0.48
0.458
feeding [months]
6-9 0.56 0.293
0.65
0.253
≥9
Reference
Reference

LXXXV
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Table 114. Basic multiple regression model (adjusted for maternal BMI values at 8-year
Follow-up of UBCS) to predict the fasting blood concentration of RBP4 of a child at the
age of eight years (UBCS)
(BMI, Body Mass Index; ß, beta regression coefficient; RBP4, Retinol-Binding-Protein 4; R
coefficient of determination; UBCS, Ulm Birth Cohort Study)

2

Fasting blood level of RBP4 [g/l] in offsprings at eight years of age
1
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of pregnancy
[weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight [g]

BMI values of the
children at the age of 1
2
year [kg/m ]
Sex

1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
<3000 g
3000 g - ≤ 3500g
3500 g - ≤ 4000g
≥ 4000g
1st quartile
2nd quartile
3rd quartile
4th quartile
male
female

Reference
0.35 0.553
0.55 0.346
0.22 0.711
Reference
-0.22 0.702
-0.47 0.438
-0.22 0.709
Reference
0.25 0.665
1.34 0.023
-0.22 0.700
Reference
-0.19 0.753
-0.15 0.641
-0.57 0.161
Reference
-0.19 0.738
0.80 0.161
0.84 0.148
Reference
0.13 0.762

<3 0.41 0.494
3 - <6 0.48 0.458
6-9 0.65 0.253
≥9
Reference
1st quartile
Maternal BMI values at
2nd quartile
8-year follow-up
2
3rd quartile
[kg/m ]
4th quartile
1
adjusted for maternal BMI values at 8-year Follow-up of UBCS
Duration of breast
feeding [months]

LXXXVI

Reference

0.044

Reference
-0.26 0.647
-0.37 0.546
-0.18 0.765
Reference
0.28 0.628
1.35 0.023
-0.23 0.679
Reference
-0.16 0.783
-0.16 0.633
-0.57 0.159
Reference
-0.16 0.772
0.84 0.141
0.87 0.132
Reference
0.16 0.709
0.49 0.409
0.51 0.432
0.74 0.181
Reference
Reference
0.71 0.224
0.21 0.710
0.11 0.851

0.046

Appendix – Tables

Table 115. Basic multiple regression model (adjusted for BMI values of the children at the
age of eight years) to predict the fasting blood concentration of RBP4 of a child at the age
of eight years (UBCS)
(BMI, Body Mass Index; ß, beta regression coefficient; RBP4, Retinol-Binding-Protein 4; R
coefficient of determination; UBCS, Ulm Birth Cohort Study)

2

Fasting blood level of RBP4 [g/l] in offsprings at eight years of age
2
adjusted
adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of
pregnancy [weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight [g]

BMI values of the
children at the age of
2
1 year [kg/m ]
Sex

1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
<3000 g
3000 g - ≤ 3500g
3500 g - ≤ 4000g
≥ 4000g
1st quartile
2nd quartile
3rd quartile
4th quartile
male
female

Reference
0.35 0.553
0.55 0.346
0.22 0.711
Reference
-0.22 0.702
-0.47 0.438
-0.22 0.709
Reference
0.25 0.665
1.34 0.023
-0.22 0.700
Reference
-0.19 0.753
-0.15 0.641
-0.57 0.161
Reference
-0.19 0.738
0.80 0.161
0.84 0.148
Reference
0.13 0.762

<3 0.41 0.494
3 - <6 0.48 0.458
6-9 0.65 0.253
≥9
Reference
1st quartile
BMI values of the
2nd quartile
children at the age of
2
3rd quartile
8 years [kg/m ]
4th quartile
2
adjusted for BMI values of the children at the age of eight years
Duration of breast
feeding [months]

LXXXVII

0.044

Reference
0.23
0.689
0.40
0.486
-0.02
0.966
Reference
-0.31
0.571
-0.61
0.306
-0.27
0.649
Reference
0.14
0.811
1.21
0.035
-0.26
0.637
Reference
-0.06
0.922
-0.10
0.751
-0.66
0.099
Reference

Reference
0.13
0.762
0.47
0.421
0.39
0.534
0.52
0.329
Reference
Reference
1.41
0.014
1.05
0.067
2.64
<0.0001

0.080
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Table 116. Basic multiple regression model (adjusted for maternal fasting blood
concentration of RBP4 at 8-year Follow-up of UBCS) to predict the fasting blood
concentration of RBP4 of a child at the age of eight years (UBCS)
(BMI, Body Mass Index; ß, beta regression coefficient; RBP4, Retinol-Binding-Protein 4; R
coefficient of determination; UBCS, Ulm Birth Cohort Study)

2

Fasting blood level of RBP4 [g/l] in offsprings at eight years of age
3
adjusted
further adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of
pregnancy [weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight [g]

BMI values of the
children at the age of
2
1 year [kg/m ]
Sex

Duration of breast
feeding [months]

1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
<3000 g
3000 g - ≤ 3500g
3500 g - ≤ 4000g
≥ 4000g
1st quartile
2nd quartile
3rd quartile
4th quartile
male
female

Reference
0.35 0.553
0.55 0.346
0.22 0.711
Reference
-0.22 0.702
-0.47 0.438
-0.22 0.709
Reference
0.25 0.665
1.34 0.023
-0.22 0.700
Reference
-0.19 0.753
-0.15 0.641
-0.57 0.161
Reference
-0.19 0.738
0.80 0.161
0.84 0.148
Reference
0.13 0.762

<3
3 - <6
6-9
≥9

0.41 0.494
0.48 0.458
0.65 0.253
Reference

0.044

Reference
0.32
0.576
0.53
0.349
0.12
0.833
Reference
-0.04
0.947
-0.25
0.680
-0.10
0.861
Reference
0.21
0.710
1.31
0.025
-0.37
0.499
Reference
-0.29
0.611
-0.25
0.439
-0.60
0.134
Reference
-0.29
0.600
0.87
0.120
0.85
0.137
Reference
0.23
0.581
0.24
0.685
0.39
0.539
0.58
0.286
Reference

1st quartile
Reference
2nd quartile
1.12
0.043
3rd quartile
1.85
0.001
4th quartile
2.23
<0.0001
3
adjusted for maternal fasting blood concentration of RBP4 at 8-year Follow-up of UBCS
Maternal fasting
blood concentration
of RBP4[g/l]

LXXXVIII

0.086
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Table 117. Basic multiple regression model (adjusted for paternal fasting blood
concentration of RBP4 at 8-year Follow-up of UBCS) to predict the fasting blood
concentration of RBP4 of a child at the age of eight years (UBCS)
(BMI, Body Mass Index; ß, beta regression coefficient; RBP4, Retinol-Binding-Protein 4; R
coefficient of determination; UBCS, Ulm Birth Cohort Study)
Fasting blood level of RBP4 [g/l] in offsprings at eight years of age
4
adjusted
adjusted
2
2
ß
p
R
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of pregnancy
[weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight [g]

BMI values of the
children at the age of 1
2
year [kg/m ]
Sex

Duration of breast
feeding [months]

1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
<3000 g
3000 g - ≤ 3500g
3500 g - ≤ 4000g
≥ 4000g
1st quartile
2nd quartile
3rd quartile
4th quartile
male
female

Reference
0.35 0.553
0.55 0.346
0.22 0.711
Reference
-0.22 0.702
-0.47 0.438
-0.22 0.709
Reference
0.25 0.665
1.34 0.023
-0.22 0.700
Reference
-0.19 0.753
-0.15 0.641
-0.57 0.161
Reference
-0.19 0.738
0.80 0.161
0.84 0.148
Reference
0.13 0.762

<3
3 - <6
6-9
≥9

0.41 0.494
0.48 0.458
0.65 0.253
Reference

0.044

Reference
0.33 0.571
0.55 0.345
0.18 0.763
Reference
-0.21 0.715
-0.51 0.409
-0.24 0.684
Reference
0.27 0.634
1.36 0.023
-0.21 0.706
Reference
-0.16 0.788
-0.12 0.710
-0.55 0.181
Reference
-0.22 0.696
0.88 0.126
0.85 0.145
Reference
0.19 0.655
0.38 0.527
0.50 0.438
0.60 0.280
Reference

1st quartile
Reference
2nd quartile
-0.71 0.270
3rd quartile
0.21 0.781
4th quartile
0.35 0.559
4
adjusted for paternal fasting blood concentration of RBP4 at 8-year Follow-up of UBCS
Paternal fasting blood
concentration of RBP4
[g/l]

LXXXIX

0.049
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Table 118. Basic multiple regression model (crude and adjusted) to predict the fasting
blood concentration of leptin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of leptin [ng/ml] in offsprings at eight years of age
crude
adjusted
2
ß
p
R
ß
p
Maternal BMI values
2
before pregnancy [kg/m ]

0.232

0.005

0.017

0.209

0.029

Duration of pregnancy
[weeks]

-0.047

0.158

0.004

-0.014

0.741

Umbilical cord blood
concentration of cotinine
[ng/ml]

0.040

0.015

0.014

0.038

0.035

0.000

0.948

0.000

0.002

0.089

0.934

<0.0001

0.043

0.559

0.02

2.706

Reference
<0.0001

0.041

3.181

Reference
<0.0001

-0.011

0.000

0.032

-0.010

0.002

Child’s birth weight [g]
BMI values of the children
2
at the age of 1 year [kg/m ]
Sex
male
female
Duration of breast feeding
[months]

R

2

0.153

Table 119. Further adjusted basic multiple regression model (adjusted for maternal BMI
values at 8-year Follow-up of UBCS) to predict the fasting blood concentration of leptin of
a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of leptin [ng/ml] in offsprings at eight years of age
1
adjusted
adjusted
2
ß
p
R
ß
p
Maternal BMI values
2
before pregnancy [kg/m ]

0.209

0.029

Duration of pregnancy
[weeks]

-0.014

0.741

-0.023

0.61

Umbilical cord blood
concentration of cotinine
[ng/ml]

0.038

0.035

0.041

0.019

0.002

0.089

0.002

0.109

0.559

0.02
Reference

0.628

0.011
Reference

3.181

<0.0001

3.161

<0.0001

-0.010

0.003

0.074

0.346

Child’s birth weight [g]
BMI values of the children
2
at the age of 1 year [kg/m ]
Sex
male
female

0.153

Duration of breast feeding
[months]
-0.010
0.002
Maternal BMI values at 82
year follow-up [kg/m ]
1
adjusted for maternal BMI values at 8-year Follow-up of UBCS

XC

R

2

0.139
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Table 120. Further adjusted basic multiple regression model (adjusted for BMI values of
the children at the age of eight years) to predict the fasting blood concentration of leptin of
a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of leptin [ng/ml] in offsprings at eight years of age
2
adjusted
adjusted
2
ß
p
R
ß
p
Maternal BMI values
2
0.153
before pregnancy [kg/m ]
0.209
0.029
-0.005
0.941
Duration of pregnancy
[weeks]
-0.014
0.741
0.049
0.078
Umbilical cord blood
concentration of cotinine
[ng/ml]
0.038
0.035
0.006
0.611
Child’s birth weight [g]
BMI values of the children
at the age of 1 year
2
[kg/m ]
Sex

0.002

0.089

0.559

0.02
Reference

male
female

3.181

0.000

R

2

0.567

0.219

Reference

<0.0001

Duration of breast feeding
[months]
-0.010
0.002
BMI values of the children
at the age of 8 years
2
[kg/m ]
2
adjusted for BMI values of the children at the age of eight years

3.125

<0.0001

-0.005

0.011

2.317

<0.0001

Table 121. Further adjusted basic multiple regression model (adjusted for maternal fasting
blood concentration of leptin at 8-year Follow-up of UBCS) to predict the fasting blood
concentration of leptin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of leptin [ng/ml] in offsprings at eight years of age
3
adjusted
adjusted
2
ß
p
R
ß
p
Maternal BMI values before
2
pregnancy [kg/m ]
0.209 0.029 0.153
0.169
0.195
Duration of pregnancy [weeks]
Umbilical cord blood
concentration of cotinine
[ng/ml]

-0.014

0.741

-0.005

0.904

0.038

0.035

0.041

0.019

Child’s birth weight [g]
BMI values of the children at
2
the age of 1 year [kg/m ]
Sex

0.002

0.089

0.001

0.187

Duration of breast feeding
[months]

0.559
male
female

0.02
Reference
3.181 <0.0001

0.609

-0.010

-0.010

0.002

0.013
Reference
3.184 <0.0001
0.002

Maternal fasting blood
concentration of leptin [g/l]
0.018
0.538
3
adjusted for maternal fasting blood concentration of leptin at 8-year Follow-up of UBCS

XCI

R

2

0.161
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Table 122. Further adjusted basic multiple regression model (adjusted for paternal fasting
blood concentration of leptin at 8-year Follow-up of UBCS) to predict the fasting blood
concentration of leptin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of leptin [ng/ml] in offsprings at eight years of age
4
adjusted
adjusted
2
ß
p
R
ß
p
Maternal BMI values
before pregnancy
0.209
0.029
0.022
0.821
2
[kg/m ]
Duration of pregnancy
[weeks]
Umbilical cord blood
concentration of cotinine
[ng/ml]
Child’s birth weight [g]
BMI values of the
children at the age of 1
2
year [kg/m ]
Sex
male
female

-0.014

0.741

-0.018

0.699

0.038

0.035

0.005

0.856

0.002

0.089

0.001

0.298

0.559

0.02

0.818

0.003

3.181

Reference
<0.0001

3.193

Reference
<0.0001

0.153

2

0.196

Duration of breast
-0.010
0.002
-0.004
0.192
feeding [months]
Paternal fasting blood
concentration of leptin
0.139
0.006
[g/l]
4
adjusted for paternal fasting blood concentration of leptin at 8-year Follow-up of UBCS

XCII

R
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Table 123. Basic multiple regression model (crude and adjusted) to predict the fasting
blood concentration of leptin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of leptin [ng/ml] in offsprings at eight years of age
crude
adjusted
2
ß
p
R
ß
p
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of
pregnancy [weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight
[g]

BMI values of the
children at the age
2
of 1 year [kg/m ]
Sex

Duration of breast
feeding [months]

1st quartile
Reference
2nd quartile 2.01
0.019
0.032
3rd quartile 1.20
0.157
4th quartile 3.26
0.000
1st quartile
Reference
2nd quartile 0.66
0.426
0.003
3rd quartile -0.21
0.802
4th quartile -0.31
0.719
1st quartile
Reference
2nd quartile 1.70
0.042
0.019
3rd quartile 2.14
0.011
4th quartile 1.81
0.029
<3000 g
Reference
3000 g - ≤ 3500g -1.02
0.225
0.005
3500 g - ≤ 4000g -0.58
0.189
≥ 4000g -0.10
0.863
1st quartile
Reference
2nd quartile 0.57
0.488
0.031
3rd quartile 2.06
0.014
4th quartile 2.90
0.006
male
Reference
female 2.71 <0.0001
0.04
<3
3 - <6
6-9
≥9

3.26
1.99
0.38

XCIII

0.000
0.035
0.033
0.634
Reference

R

2

Reference
1.65
0.048
0.75
0.362
2.39
0.004
Reference
1.36
0.093
-0.03
0.969
0.53
0.529
Reference
1.31
0.108
1.27
0.128
1.20
0.134
Reference
-1.50
0.074
-0.49
0.890
-0.15
0.799
Reference
0.76
0.338
2.06
0.011
2.81
0.001
Reference
2.80 <0.0001
2.73
0.001
1.44
0.118
0.30
0.698
Reference

0.147
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Table 124. Further adjusted basic multiple regression model (adjusted for maternal BMI
values at 8-year Follow-up of UBCS) to predict the fasting blood concentration of leptin of
a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of leptin [ng/ml] in offsprings at eight years of age
1
adjusted
adjusted
2
ß
p
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of
pregnancy [weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight
[g]

BMI values of the
children at the age
2
of 1 year [kg/m ]
Sex

1st quartile
Reference
2nd quartile 1.65
0.048
3rd quartile 0.75
0.362
4th quartile 2.39
0.004
1st quartile
Reference
2nd quartile 1.36
0.093
3rd quartile -0.03
0.969
0.529
4th quartile 0.53
1st quartile
Reference
2nd quartile 1.31
0.108
3rd quartile 1.27
0.128
0.134
4th quartile 1.20
<3000 g
Reference
3000 g - ≤ 3500g -1.50
0.074
3500 g - ≤ 4000g -0.49
0.890
0.799
≥ 4000g -0.15
1st quartile
Reference
2nd quartile 0.76
0.338
3rd quartile 2.06
0.011
4th quartile 2.81
0.001
male
Reference
female 2.80 <0.0001

<3 2.73
0.001
3 - <6 1.44
0.118
6-9 0.30
0.698
≥9
Reference
1st quartile
Maternal BMI values
2nd quartile
at 8-year follow-up
2
3rd quartile
[kg/m ]
4th quartile
1
adjusted for maternal BMI values at 8-year Follow-up of UBCS
Duration of breast
feeding [months]

XCIV

R

2

Reference

Reference
1.35
0.097
0.12
0.894
0.39
0.651
Reference
1.42
0.085
1.39
0.099
1.31
0.109
0.147

Reference
-1.44
0.089
-0.48
0.305
-0.04
0.946
Reference
0.81
0.308
2.10
0.010
2.99
0.000
Reference
2.94 <0.0001
2.84
0.001
1.54
0.098
0.42
0.599
Reference
Reference
0.30
0.723
-0.31
0.703
0.28
0.738

0.130
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Table 125. Further adjusted basic multiple regression model (adjusted for BMI values of
the children at the age of eight years) to predict the fasting blood concentration of leptin of
a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of leptin [ng/ml] in offsprings at eight years of age
2
adjusted
adjusted
2
ß
p
ß
p
R
Maternal BMI
values before
2
pregnancy [kg/m ]

Duration of
pregnancy [weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight
[g]

BMI values of the
children at the age
2
of 1 year [kg/m ]
Sex

1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
<3000 g
3000 g - ≤ 3500g
3500 g - ≤ 4000g
≥ 4000g
1st quartile
2nd quartile
3rd quartile
4th quartile
male
female

Reference
1.65
0.048
0.75
0.362
2.39
0.004
Reference
1.36
0.093
-0.03
0.969
0.53
0.529
Reference
1.31
0.108
1.27
0.128
1.20
0.134
Reference
-1.50
0.074
-0.49
0.890
-0.15
0.799
Reference
0.76
0.338
2.06
0.011
2.81
0.001
Reference
2.80 <0.0001

XCV

2

Reference
1.07
0.119
-0.03
0.659
1.39
0.045
Reference
1.13
0.088
-0.03
0.639
0.25
0.718
Reference
0.47
0.467
0.49
0.486
0.60
0.369
0.147

<3 2.73
0.001
3 - <6 1.44
0.118
6-9 0.30
0.698
Reference
≥9
1st quartile
BMI values of the
2nd quartile
children at the age
2
3rd quartile
of 8 years [kg/m ]
4th quartile
2
adjusted for BMI values of the children at the age of eight years
Duration of breast
feeding [months]

R

Reference
-1.33
0.055
-0.42
0.269
-0.63
0.184
Reference

Reference
2.92 <0.0001
2.06
0.003
1.02
0.178
-0.05
0.944
Reference
Reference
0.76
0.268
1.90
0.006
9.35 <0.0001

0.418

Appendix – Tables

Table 126. Further adjusted basic multiple regression model (adjusted for maternal fasting
blood concentration of leptin at 8-year Follow-up of UBCS) to predict the fasting blood
concentration of leptin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of leptin [ng/ml] in offsprings at eight years of age
3
adjusted
adjusted
2
ß
p
R
ß
p
Maternal BMI
values before
2
pregnancy [kg/m ]

Duration of
pregnancy [weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight
[g]

BMI values of the
children at the age
2
of 1 year [kg/m ]
Sex

Duration of breast
feeding [months]

1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
<3000 g
3000 g - ≤ 3500g
3500 g - ≤ 4000g
≥ 4000g
1st quartile
2nd quartile
3rd quartile
4th quartile
male
female

Reference
1.65
0.048
0.75
0.362
2.39
0.004
Reference
1.36
0.093
-0.03
0.969
0.53
0.529
Reference
1.31
0.108
1.27
0.128
1.20
0.134
Reference
-1.50
0.074
-0.49
0.890
-0.15
0.799
Reference
0.76
0.338
2.06
0.011
2.81
0.001
Reference
2.80 <0.0001

<3 2.73
0.001
3 - <6 1.44
0.118
6-9 0.30
0.698
≥9
Reference

XCVI

2

Reference
1.38
0.107
0.32
0.707
1.81
0.058
Reference
1.45
0.074
-0.02
0.982
0.55
0.519
Reference
1.38
0.092
1.24
0.137
1.22
0.129
0.147

Reference
-1.49
0.077
-0.49
0.292
-0.16
0.785
Reference
0.85
0.282
2.13
0.009
3.01
0.004
Reference
2.76 <0.0001
2.68
0.002
1.39
0.129
0.37
0.633
Reference

1st quartile
Reference
2nd quartile
0.30
0.719
3rd quartile
1.37
0.107
4th quartile
1.00
0.277
3
adjusted for maternal fasting blood concentration of leptin at 8-year Follow-up of UBCS
Maternal fasting
blood concentration
of leptin [ng/ml]

R

0.153
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Table 127. Further adjusted basic multiple regression model (adjusted for paternal fasting
blood concentration of leptin at 8-year Follow-up of UBCS) to predict the fasting blood
concentration of leptin of a child at the age of eight years (UBCS)
2

(BMI, Body Mass Index; ß, beta regression coefficient; R coefficient of determination; UBCS, Ulm
Birth Cohort Study)
Fasting blood level of leptin [ng/ml] in offsprings at eight years of age
4
adjusted
adjusted
2
ß
p
ß
p
R
Maternal BMI values
before pregnancy
2
[kg/m ]

Duration of
pregnancy [weeks]

Umbilical cord blood
concentration of
cotinine [ng/ml]

Child’s birth weight
[g]

BMI values of the
children at the age
2
of 1 year [kg/m ]
Sex

Duration of breast
feeding [months]

1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
1st quartile
2nd quartile
3rd quartile
4th quartile
<3000 g
3000 g - ≤ 3500g
3500 g - ≤ 4000g
≥ 4000g
1st quartile
2nd quartile
3rd quartile
4th quartile
male
female

Reference
1.65
0.048
0.75
0.362
2.39
0.004
Reference
1.36
0.093
-0.03
0.969
0.53
0.529
Reference
1.31
0.108
1.27
0.128
1.20
0.134
Reference
-1.50
0.074
-0.49
0.890
-0.15
0.799
Reference
0.76
0.338
2.06
0.011
2.81
0.001
Reference
2.80 <0.0001

<3 2.73
0.001
3 - <6 1.44
0.118
6-9 0.30
0.698
≥9
Reference

XCVII

2

Reference
1.66
0.046
0.87
0.288
2.41
0.004
Reference
1.43
0.077
-0.04
0.960
0.65
0.438
Reference
1.39
0.088
1.40
0.094
1.14
0.155
0.147

Reference
-1.62
0.053
-0.51
0.268
-0.15
0.789
Reference
0.72
0.361
2.11
0.009
2.86
0.001
Reference
2.79 <0.0001
2.58
0.002
1.30
0.570
0.04
0.655
Reference

1st quartile
Reference
2nd quartile
-1.61
0.060
3rd quartile
-1.64
0.063
4th quartile
-0.23
0.799
4
adjusted for paternal fasting blood concentration of leptin at 8-year Follow-up of UBCS
Paternal fasting
blood concentration
of leptin [ng/ml]

R

0.158
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