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1. Introduction
1.1. Obesity
Obesity is defined by the German Obesity Society (DAG) as an increase in body fat
which exceeds that of the average population. The BMI is used as a calculation base
where obesity is defined by a value over 30 kg/m2 [32]. The higher the grade of
obesity, the higher the risk of developing comorbidities.

1.2. Juvenile obesity
Morbid obesity is increasing worldwide in children as well as in adults. The World
Health Organization (WHO) considers obesity as one of the top 10 global health
issues in industrialized as well as developing countries and published a study in
1998 titled “Obesity: Preventing and Managing the Global Epidemic” [137].
According to the WHO [134] in 2014 1.9 billion adults were overweight
(BMI>25kg/m2). It is estimated that more than 41 million children under five years
of age are overweight.
Consequences for the health due to morbid obesity are diabetes, hyperuricemia,
cardiovascular disease, hypertension, obstructive sleep apnea syndrome, impaired
exercise capacity, poor posture and premature degenerative joint disease which can
occur even in young patients. In 2012, the WHO released a report [138] which
showed, that worldwide 33% of adults suffer from hypertension, a leading cause of
stroke and heart disease. Diabetes affects 10% of adults worldwide. “Morbid
obesity” is defined in adults by a BMI > 40kg/m2 and in children/young adults by a
BMI >30kg/m2. The condition is of pathological significance due to a combination
of damages to physical and psychological health.
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1.2.1.

Pathogenesis

So far there has been no consensus on whether obesity is a disease or just a
variation of the norm [61, 62, 115]. The pathogenesis is usually multifactorial [137].
The causes include life style such as eating habits or a lack of exercise, as well as
hereditary factors. It is very easy to overlook psychological aspects, since these are
not always apparent. These include among others a lack of integration in the family,
school and circle of friends. However, in most cases there is no clear somatic or
psychological explanation but rather a combination of different factors.

1.2.1.1.

Nutrition and physical activity

Physical activity has generally been on the decline in recent decades. This is not
only true regarding general activity throughout the day but also regarding sportive
activities. Outdoor play as a measure of physical activity is nowadays often replaced
by television or computers. This trend in combination with an increased availability
of calorie rich food is a breeding ground for obesity.
However, it would be an oversimplification to say that obesity is simply a problem
that can be explained with the first law of thermodynamics. It is not just the
difference in energy intake and expenditure, but as already mentioned rather a
combination of many different variables.

1.2.1.2.

Genetics vs. environmental factors

Studies on monozygotic twins have shown that hereditary factors have a greater
influence on obesity in comparison to environmental factors [58, 104, 132].
There are currently more than 135 different genes that have been associated or
linked with obesity related phenotypes. Of these, 22 genes have shown an
association in at least 5 different studies [109].
However, the recent increase in obesity can only be explained with environmental
factors [51], which start to play an important part at a very young age. How the
family deals with nutrition is a guiding factor for later behavior towards food.
3

Children learn when, how and what parents eat and assume similar behavior. The
value of “calm eating” as well as preparation of food has decreased in society
nowadays. Eating needs to not only be easy, quick and accepted by all – even the
picky preschoolers. Very often this is associated with unhealthy food choices.

1.2.1.3.

Neurological and endocrinological factors

The central nervous system receives feedback regarding the nutritional situation via
afferent nerve signals, circulating hormones or the nutrients themselves. There are
multiple neural systems controlling food intake and body weight [8]. There are
substances that stimulate and inhibit food intake.
Stimulating substances include among others ghrelin [33], melanin concentrating
hormone [66], neuropeptide Y [77] and norepinephrine [82].
Inhibitory substances include among others leptin [89], cholecystokinin [13, 125],
enterostatin [37, 84], serotonin [140], CRH [39], obestatin [142] and peptide YY336 [71].

1.2.2.

Prevalence

The prevalence of obesity is on the rise worldwide. This includes developed as well
as developing countries. There is a relationship between socioeconomic status and
childhood obesity. However, this is not consistent across different countries. A study
showed that in Russia urban children were at a lower risk, whereas in China urban
children were at a higher risk for obesity [130].
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Figure 1: Prevalence of obesity (BMI ≥ 30kg/m2), female, ages 18+ and age standardized
estimate. 2014. World Health Organization [135]. Permission to use granted by the WHO.

Figure 2: Prevalence of obesity (BMI ≥ 30kg/m2), male, ages 18+ and age standardized
estimate. 2014. World Health Organization [136]. Permission to use granted by the WHO.
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1.2.2.1.

Regional BMI differences

The World Obesity Federation has collected data regarding obesity in children,
adolescents as well as adults. Adolescent obesity has a very large variance from
country to country. In 2016 the percentage of overweight European adolescent
males ranged from 10-35%, and European adolescent females from 8-36%. Male
adolescent obesity in Europe ranged from 2-10%, and female adolescent obesity
from 1-12% [139].

Figure 3: Percentage of overweight and obese adolescent boys (aged 14-17 yrs) in different
countries. World Obesity Federation. 2016 [139]. Permission to use granted by the World
Obesity Federation.
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Figure 4: Percentage of overweight and obese adolescent girls (aged 14-17 yrs) in different
countries. World Obesity Federation. 2016 [139]. Permission to use granted by the World
Obesity Federation.

1.2.2.2.

Health politics relevance

Already today, obesity plays an important factor in the health care system.
Considering the developments in obesity in recent years, co-morbidities due to
obesity will be on the increase and create a large burden on the health care system
and the public. There are countless co-morbidities for obesity, among the most
important are hypertension (50% of patients obese), type 2 diabetes (80% of
patients obese) and risk of stroke which increases with the BMI. This is why
prevention is of such great importance.
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1.2.3.

Comorbidities of childhood obesity

Health risks of adult obesity have been well documented, and childhood obesity has
an additional negative effect [72]. The most common comorbidities are summarized
under “pre-metabolic syndrome”. This includes arterial hypertension,
hypertriglyceridemia, hypercholesterolemia, impaired glucose tolerance and type 2
diabetes. However, there are many other comorbidities that can occur, including
sleep apnea, obstructive respiratory disease, cholezystolithiasis and degenerative as
well as developmental orthopedic disorders.

1.2.4.
1.2.4.1.

Obesity therapy
Therapeutic options

There are different therapeutic options available. These include short- and long-term
therapies as well as in- or outpatient therapies.

1.2.4.1.1.

Lifestyle-modification

These can be divided into three main categories.
1. Diet modification is the most common first approach. There is a plethora of
different diets being advertised, which causes a lot of confusion. These
include many different combinations of fat, carbohydrate and protein intake ,
a focus on nutriment with low glycemic index or formula diets.
2. Exercise modification results in a better ratio between energy intake vs.
expenditure. Studies [18, 34] have shown that obese individuals tend to
engage less in physical activity. This of course intensifies the problem at
hand. Depending on the severity of obesity affliction, an increase in everyday
activity may suffice, or a coordinated weekly activity program may be
necessary.
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3. Behavioral modification mainly consists of patient motivation which will
enable them to maintain lifestyle changes. This can include self-observation
regarding food/drink intake and physical therapy for example by using a
diary, learning of stimulus control methods, flexible control of eating and
support from family and friends.

1.2.4.1.2.

Psychotherapy

The lack of integration in family, school and circle of friends, traumatic events such
as separation experiences, lack of personal care or experience of violence can cause
a loss of psychological as well as physical boundaries which can further induce the
development of obesity. Unlike adults, affected adolescents usually show very
specific problems. Most of all, the normal development that adolescents go through
is disrupted. Due to their eating habits, affected youths tend to enter a vicious circle
with sustaining and self-reinforcing factors, which they often cannot free
themselves of on their own. This can lead to young adults not being able to enter a
profession that would otherwise fit their abilities and aptitude. On top of this,
people affected by obesity often experience exclusion from career and social
opportunities, since in our society there is still the wide spread idea, that only slim
people can be successful, dynamic and achievement oriented [96]. This means, that
even if an obese person achieved his or her aspirations, they will still experience
prejudice that can cause severe emotional stress.

1.2.4.1.3.

Drug therapy

Pharmacological obesity therapy concentrates on two different approaches. There
are centrally active components that affect the monamine system (amfepramone
[23], phentermine [70], fluoxetine [133], bupropion [54], fenfluramines [49],
sibutramine [99]), the opioid system (naltrexone [3], topiramate [20]), the
endocannabinoid receptor blocker (rimonabant [26]) and the agouti related peptide
system (metreleptin [110]). There are also gastrointestinal lipase inhibitors such as
orlistat [141] which decreases the fat absorption.
9

1.2.4.1.4.

Bariatric surgery

Bariatric surgical procedures should be considered as a last resort only if the
conservative therapy fails as they do pose relevant short and long-term
consequences. There are mainly three different surgical approaches.
1. The malabsorptive procedure commonly used today is the biliopancreatic
diversion developed by Scopinaro.
2. Restrictive procedures include the gastric balloon, gastric banding and the
gastric sleeve.
3. Combined malabsorptive and restrictive procedures include the Roux-en-Y
gastric bypass and the biliopancreatic diversion with duodenal switch.

1.3. Importance of the visceral fat
There are two main types of fat distribution. On the one hand there is the android or
male pattern of fat distribution, which has an increased amount of visceral fat and is
accompanied by an increase in waist circumference. On the other hand there is the
gynoid or female pattern of fat distribution with an increase of the gluteal fat. The
body distribution of fat plays a very important role in regard to potential secondary
comorbidities. The risk of cardiovascular disease is 4.5 times higher in patients with
an increased amount in visceral fat [87]. Visceral fat also increases among others
the risk of diabetes mellitus [16], hyperuricemia [63], obstructive sleep apnea
syndrome [123] and hypertension [59].

1.4. Objectives
The aim of this study is to investigate in a very young patient collective how
treatment in a long-term in-patient treatment facility with a focus on lifestyle
modification, diet and physical exercise can reduce body weight, visceral fat and
cardiovascular risk factors.

10

2. Material and Methods
2.1. Insula concept
The Obesity Rehabilitation Center Insula (Adipositas Reha Zentrum Insula) in
Bischofswiesen, Germany is the only center in Europe which offers a long-term
obesity therapy to juveniles and young adults. The concept of the therapy is made
up of the following 5 pillars:
1. Weight reduction
2. Determination and reduction of individual risk factors
3. Learning of healthy conduct
4. Psychic stabilization and social re/integration
5. Increase of self-responsibility
These 5 pillars are intertwined with each other, which requires an interdisciplinary
approach. Therefore, the rehabilitation center employs medical doctors,
psychologists, teachers, educators, sports and nutrition therapists who are all
involved in the therapy. Many of the emerged problems surrounding obesity, require
a long-term approach in order to be successfully treated. This is why Insula offers
long-term therapy ranging from 6-9 months.
At the start of the therapy, in cooperation between therapists and patients, realistic
goals are set and discussed in order to create an individual therapy program. While
weight reduction is the end goal, the focus lies on therapeutic support regarding the
adaptation of earlier faulty eating and exercise habits, as well as help when it comes
to developing and testing new strategies that can be used after discharge.

2.1.1.

Weight reduction

It is not the primary goal to achieve the social ideal of slimness. It is much more
important to help the patients reach a higher quality of life as well as improve on the
presentation and behavior in social situations. Also important is the reduction of risk
for psychiatric and somatic co-morbidities, or an improvement if they have already
become manifest.
Instead of a radical weight reduction, the long-term therapy aims at a slow but
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constant weight reduction of about 1% of body-weight per week. Mostly this means
a reduction of 0.7-1.5 kg per week.
There is a close collaboration between the different departments of the rehabilitation
center in order to give assistance to every patient in the implementation of the
weight reduction. Once a week all patients are weighed to ensure that they take the
therapy serious. They then need to keep track of their weight using a line chart
which enables them to track their success and keep them motivated.
Using the bioelectrical impedance analysis (BIA) the patients can see how their
body fat in relation to the lean body mass changes throughout the therapy. Every
three months, the patient’s percentage fat mass, lean mass, extracellular mass and
body cells mass are determined. This way, they get an estimation of how much fat
mass they have lost, while at the same time receiving an indication of how efficient
their fitness training is.
When a patient is not willing to adhere to the therapeutic goals, this is discussed
with the patient and parents as well as the therapists in individual sessions. If over a
longer period of time no advancement can be made, or the patient refuses to
properly adhere to rules, the therapy can be terminated.

2.1.2.

Determination and reduction of individual risk factors

Individual risk factors include medical as well as psychological risk factors. These
are analyzed at the start and end, and if necessary during the therapy. Medical risk
factors include laboratory parameters such as the HOMA index and liver
parameters, cardiovascular risk factors, orthopedic disease such as a splay foot or
kyphosis and sleep apnea diagnosis. Psychological risk factors are determined
during meetings between patients and psychologists that take place throughout the
therapy.

12

2.1.3.

Learning of healthy conduct

At the start of the therapy it is noticeable that many of the patients show abnormal
eating habits regarding the amount of food, food composition, table manners as well
as defined eating times. At the Obesity Rehabilitation Center Insula all these factors
are addressed in order to enable patients to integrate new conduct into their daily
life.
Another important factor is the exchange of passive conduct (television, computer)
with a more active lifestyle. Many patients encountered negative experiences with
sports in the past, so they are given the opportunity to test different sports during
their stay in order to find out what suits them.
The coping with aggression, frustration, boredom as well as avoidance of alcohol,
nicotine and drugs plays a central role during therapy.

2.1.4.

Psychological stabilization and social re-integration

It is important to re-integrate patients to increase the success rate after therapy.
Patients visit regional schools which encourages patients to improve their social
abilities. Other possibilities such as career focused internships enable patients to
make plans for the future.

2.1.5.

Increase of self-responsibility

Long-term success can only be attained if patients learn to control their weight,
independently and without supervision from the outside. During the last 6 weeks of
therapy, the EVA Phase (personal responsibility phase/Eigenverantwortungs Phase),
patients realistically train for when they leave the rehabilitation center.
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2.2. Study design
This was a prospective non-randomized clinical study with consecutive patients
from January 2007 to October 2008. Written informed consent from patients and
parents were obtained. The trial protocol is in concordance with the standards of the
Declaration of Helsinki in its revised version of 1975 and its amendments of 1983,
1989 and 1996. The ethics committee of the University of Ulm approved all study
proceedings (Reference number: 213/06).

2.3. Study parameters
All study parameters were taken at the start as well as at the end of the therapy.

2.3.1.

Therapy duration

Therapy duration started on the day of the first clinical examination, usually the day
after arrival at the rehabilitation center. It ended on the day of the final clinical
examination a few days before departure. Short-term patients were defined as a
therapy-time of 3 months or less. All other patients were considered long-term
patients.

2.3.2.

Age and sex

Age was determined at the start and the end of the therapy to the nearest fulfilled
life year. Sex of the patients was also noted.

2.3.3.

Body weight

Patients were weighed in light clothes without shoes using an automated weighing
scale. An industrial balance was used if the patients’ body weight was too high. The
body weight was measured to the nearest 0.1 kg.
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2.3.4.

Body height

Body height was determined without shoes to the nearest cm.

2.3.5.

Waist circumference

The waist circumference was measured with the patients’ feet shoulder width apart
and arms crossed over the chest. Measurements were then taken at the midpoint
between the iliac crest and the lower border of the rib cage using measuring tape in
expiration. Measurements were taken to the nearest cm.

2.3.6.

Biometric impedance analysis (BIA)

Measurements were taken using the Nutriguard-MS (Data Input GmbH, Darmstadt
Germany). The function of this device is based on the different electrical resistances
of different body tissues. Using this principle, it is possible to determine the body
fat, lean mass and body water. The Nutriguard MS also measures the phase angle
(phi), which enables it to determine the body cell mass (BCM) and extra cellular
mass (ECM) [28].
Measurements were done in the morning when patients had an empty stomach.
During the recording, patients need to lie down. Two electrodes are attached to the
right hand as well as the right foot. Then a non-tactile electric impulse is applied
and the resistance of the tissue is measured, which enables a distinction between
different tissue types.
The measurements taken using biometric impedance analysis (BIA) were the
percentage fat mass and the basal metabolism.
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2.3.7.

Blood pressure

Blood pressure (BP) at the start of the therapy was taken on both arms in order to
verify that there is no significant difference. Patients were asked to lie down and
rest for 2 minutes before measurements were taken. Then the BP was taken twice in
one sitting. Over the course of the study, BP measurements were always taken on
the left arm using a stethoscope and a sphygmomanometer. In some cases, an
oversized cuff needed to be used. Cuff-size was determined by upper arm
circumference using the following table:
Table 1: Choice of cuff-size for blood pressure measurement depending on upper arm
circumference. Cuff-size refers to inflatable part of the cuff.

Upper arm
<24 cm
24-32 cm
33-41 cm
>42 cm

2.3.8.

Cuff-size (cm,
width*length)
10*18 cm
12*24 cm
15*30 cm
18*36 cm

Intima-media thickness (IMT)

Diagnostic ultrasound imaging is a noninvasive technique for determining the
vascular health status. It allows a visualization of the lumen as well as the blood
vessel wall. When the blood vessel is sonographically cut at the right angle, two
echogenic lines are visible at the near as well as the far vessel wall. These two lines
are separated from the wall by a hypoechogenic space. Anatomical studies have
shown that these echogenic lines represent the intima and the media.
IMT has been associated with cardiovascular risk factors in several studies [30, 31,
78, 98, 111]. These include gender, age, smoking, hypertension, diabetes and
hypercholesterolemia.
The Siemens G40 Ultrasound device with 8 MHz (Siemens AG, Medical Solutions,
Erlangen, Germany) was used to take the measurements.
IMT was measured in the common carotid artery 10mm proximal to the bifurcation.
The proximal as well as the distal echogenic lines must be visible to ensure that the
measurements were done using the largest vessel diameter. This is done so that the
16

wall is cut at a 90° angle. The measurements were conducted on the far wall. Four
measurements were taken with about 0.5mm between them. In some patients the
anatomy made it difficult to get a picture with good quality. If this was the case, the
Ultrasound probe was placed more lateral so that the jugular vein was in front of the
artery. This increased the picture quality. This evaluation was done at the beginning
as well as the end of the therapy on both common carotids in order to determine
whether cardiovascular risk factor reduction also has an effect on the intima-media
thickness.

2.3.9.

Visceral/subcutaneous fat

Visceral and subcutaneous fat measurements were conducted using ultrasound.
Visceral fat was defined as the distance between the internal face of the rectus
abdominis muscle to the aorta at the location of the superior mesenteric artery
(SMA). Subcutaneous fat was subsequently measured at the same location as the
distance between the skin to the external face of the rectus abdominis muscle.
The Siemens G40 was used to conduct the measurements.

rectus abdominis
muscle

subcutaneous fat
visceral fat

aorta

SMA

Figure 5: Abdominal sonography for determination of visceral fat. Determined by the
distance between the internal face of the rectus abdominis muscle to the aorta at the location
of the SMA. Obesity Rehabilitation Center Insula, Bischofswiesen, Germany. 2008. SMA:
superior mesenteric artery.
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2.3.10. Laboratory parameters
The following laboratory parameters where examined
1. Serum glucose tolerance test (mg/dl)
2. Triglycerides (mmol/l)
3. Cholesterol (mmol/l)
4. Low density lipoprotein (LDL) (mmol/l)
5. High density lipoprotein (HDL) (mmol/l)
6. Gamme-glutamyl transferase (yGT) (U/l)
7. Uric acid (µmol/l)
8. Creatinine (mg/dl)
9. Adiponectin (µg/ml)
10. Interleukin 6 (ng/ml)
11. C-reactive protein (CRP) (mg/l)
12. Insulin (µg/ml)
13. Homeostatic model assessment index (HOMA index)

2.4. Statistical methods
The statistics computer program SPSS – Statistical Package for the Social Sciences
Version 18.0 (IBM, Armonk, USA) was used.
In order to determine whether there was a significant difference between the results
of a male and female group, the Wilcoxon/Mann Whitney U test was performed.
Linear regression was used to determine the statistical influence of one parameter
on the other parameters.
The Pearson correlation coefficient determined the degree of association between
the variables, hence the interdependence of the variables.
All significance tests were two-tailed. A result of p<0.05 was considered significant.
Results were given as median with quartiles when appropriate.
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2.5. Patient characteristics
2.5.1.

Study population

Data from 128 consecutively admitted adolescents and young adults aged 12 to 31
years who took part in a therapy at the Obesity Rehabilitation Center Insula in
Bischofswiesen were collected in a prospective non-randomized evaluation, from
January 2007 to October 2008. The length of stay for each patient was determined
by the insurance company, the patient or the patient guardian.
A total of three patients dropped out of the study, 1 due to a disciplinary dismissal
and 2 due to an early departure. Since no final data could be collected they were
discarded from the analysis.

2.5.2.

Age and gender

The age ranged from 12 – 31 years with a median of 15 years (13;17). There were
58 male patients with an age range from 12-31 years with a median of 15 (14;17)
years and 67 female patients with an age range from 12 – 20 years with a median of
15 (13;17) years.
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2.5.3.

Baseline anthropometric data

There were a total of 125 patients that could be evaluated in this study. The median
age for all patients was 15 (13;17) with a range of 19 years. The BMI in the patient
collective ranged from being overweight with a BMI of 28.0 kg/m2 to morbidly
obese with a maximum BMI of 87.2 kg/m2. The patients had a median BMI of 39.2
kg/m2.
Table 2: Patient characteristics at therapy start for all patients, male patients and female
patients. Given are median (quartiles: Q1 ; Q3) and range. Obesity Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008. BMI: Body Mass Index.

Parameters
N
Age (years)
BMI (kg/m2)
Body weight (kg)
Body size (cm)
Waist
circumference (cm)

All patients
125
15 (13;17)
39.2 (35.0;45.5)
114.7 (96.5;138.4)
169 (164;177)
123 (112;137)

Male patients
58
15 (14;17)
40.3 (35.2;45.9)
130.3 (104.0;152.8)
177 (169;183)
126 (114;143)

Female patients
67
15 (13;17)
38.9 (34.7;45.1)
112.0 (94.7;121.0)
167 (163;171)
118 (111;133)

Table 3: Baseline anthropometric data for all patients, male patients and female patients.
Given are median (quartiles: Q1 ; Q3) and range. Obesity Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008. BMI: Body Mass Index.

Body size (cm)
Body weight (kg)
BMI (kg/m2)

All patients (n=125)

Male patients (n=58)

169 (164 ; 177)
Range: 48
114.7 (96.5 ; 138.4)
Range: 189.7
39.2 (35.0;45.5)
Range: 59.2

177 (169;183)
Range: 47
130.3 (104.0;152.8)
Range: 189.7
40.3 (35.2;45.9)
Range: 59.2

Female patients
(n=67)
167 (163;171)
Range: 33
112.0 (94.7;121.0)
Range: 114.6
38.9 (34.7;45.1)
Range: 44.7
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3. Results
All results are described in detail below. A summary of the results is located at the
end of this section on pages 181-185.

3.1. Visceral fat
The median reduction in visceral fat for all patients was 17.3 (6.7;27.7) with a range
of 103.3 mm (p<0.01). The mean reduction in visceral fat for all patients was 17.7
mm ± 15.7 (min: -30.5 mm, max: 72.8 mm). There was no significant difference
(Wilcoxon/Mann-Whitney U p>0.05) between the male group with a median
reduction of 16.4 (6.6; 29.8) with a range of 103.3 mm (p<0.01) and the female
group with a median reduction of 17.3 (9.0; 24.1) with a range of 59.6 mm
(p<0.01).
Regarding short- and long-term patients, there was a significant difference
(Wilcoxon/Mann-Whitney U p<0.05). Short-term patients (<3months) had a median
reduction of 6.0 (0.9; 17.0) with a range of 65.3 mm (p<0.05) while the long-term
patients (>3months) had a median reduction of 18.2 (7.9; 28.1) with a range of
103.3 mm (p<0.01).
Table 4: Visceral fat development (start, discharge and reduction) for all patients, male
patients and female patients. Given are median (quartiles: Q1 ; Q3). Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Visceral fat at start
(mm)
Visceral fat at
discharge (mm)
Visceral fat
reduction (mm)

All patients
49.5 (41.2; 63.6)
N=122
33.7 (26.5; 42.6)
N=118
17.3 (6.7; 27.7)
N=116

Male patients
56.7 (41.3; 69.0)
N=57
39.6 (30.8; 45.7)
N=55
16.4 (6.6; 29.8)
N=54

Female patients
47.8 (40.9; 59.4)
N=65
32.0 (23.8; 39.4)
N=63
17.3 (9.0; 24.1)
N=54

Table 5: Visceral fat development (start, discharge and reduction) for short-term patients (<3
months) and long-term patients (>3 months). Given are median (quartiles: Q1 ; Q3).
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Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Visceral fat at start (mm)

Long-term (>3months)
50.4 (43.0; 63.8)
N=107
33.6 (25.6; 42.6)
N=105
18.2 (7.9; 28.1)
N=103

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Visceral fat at discharge
(mm)
Visceral fat reduction (mm)

Short-term (<3months)
40.5 (34.7; 59.1)
N=15
39.2 (29.7; 42.6)
N=13
6.0 (0.9; 17.0)
N=13

Female patients

Male patients

All patients

All patients

Short-term patients Long-term patients

Figure 6: Δ Visceral fat (mm) of the female patients, male patients, all patients, short-term
patients (<3 months) and long-term patients (>3 months). Left: Female, male and all patients.
Right: All patients, short- and long-term patients. Represented are median, quartiles
(Q1;Q3), range and outliers. Rehabilitation Center Insula, Bischofswiesen, Germany. 20072008.
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3.2. Therapy duration
The median therapy duration for all patients was 5.9 months (4.2; 6.7) with a range
of 12.4 months. The male group had a median therapy duration of 5.9 (3.8; 6.5)
with a range of 12.4 months whereas the female group had a median therapy
duration of 6.0 (4.4; 7.1) with a range of 12.2 months. There was no significant
difference between the therapy duration of male and female patients
(Wilcoxon/Mann-Whitney U p>0.05).
Short-term patients (< 3 months) had a therapy duration of median 1.4 (1.1; 2.2)
with a range of 1.8 month while the long-term patients (>3months) had a therapy
duration of median 6.0 (5.0; 7.1) with a range of 10.1 month.
Table 6: Therapy duration for all patients, male and female patients. Given are median
(quartiles: Q1 ; Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Therapy duration
(months)

All patients
5.9 (4.2;6.7)
N=125

Male patients
5.9 (3.8;6.5)
N=58

Female patients
6.0 (4.4;7.1)
N=67

Table 7: Therapy duration for short-term patients (<3 months) and long-term patients (>3
months). Given are median (quartiles: Q1 ; Q3). Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.

Long-term (>3 months)
6.0 (5.0;7.1)
N=110

Therapy duration (months)

Short-term (<3 months)
1.4 (1.1;2.2)
N=15

Therapy duration (months)

Parameter
Therapy duration (months)

Female patients

Male patients

All patients

All patients

Short-term patients Long-term patients

Figure 7:Therapy duration (months) of female patients, male patients, all patients, short-term
patients (<3 months) and long-term patients (>3 months). Left: Female, male and all patients.
Right: All patients, short- and long-term patients. Represented are median, quartiles
(Q1;Q3), range and outliers. Rehabilitation Center Insula, Bischofswiesen, Germany. 20072008.
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3.2.1.1.

Statistical influence and correlation between therapy
duration and change in visceral fat

According to the linear regression (r2=0.14), there was a slight statistical influence
of the therapy duration on the reduction of the visceral fat. The correlation
coefficient after Pearson was -0.379. The validity of the test showed a significance

Δ Visceral fat (mm)

level of p<0.01 using a two-tailed test.

Therapy duration (months)

Figure 8: Relationship between therapy duration (months) and Δ visceral fat (mm) for the
entire patient collective. Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.12, female: r2=0.19) showed, that female patients showed a stronger statistical
influence of therapy duration on the visceral fat reduction. The Pearson correlation
coefficient for male patients was -0.345 (p<0.05) using a two-tailed test. For female
patients, the Pearson correlation coefficient was -0.432 (p<0.01) using a two-tailed
test.
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Δ Visceral fat (mm)

Δ Visceral fat (mm)

Therapy duration (months)

Therapy duration (months)

Figure 9: Relationship between therapy duration (months) and Δ visceral fat (mm). Left:
Male patients. Right: Female patients. Represented is the linear regression. Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008.

3.3. Anthropometric data
3.3.1.

Body weight

The median reduction in body weight for all patients was 20.1 (13.3;30.7) with a
range of 91.3 kg (p<0.01). The mean reduction in body weight for all patients was
23.3 kg ± 14.5 (min: 2.5 kg, max: 93.8 kg). There was a significant difference
(Wilcoxon/Mann-Whitney U p<0.01) between the male group with a median
reduction of 26.1 (16.3;34.2) with a range of 90.2 kg (p<0.01) to the female group
with a median reduction of 18.9 (12.6;24.9) with a range of 55.4 kg (p<0.01).
Regarding the reduction in short-and long-term patients, there was a significant
difference (Wilcoxon/Mann-Whitney U p<0.01). Short-term patients had a median
reduction of 7.4 (5.1;9.4) with a range of 18.5 kg (p<0.01) while the long-term
patients had a median reduction of 21.9 (16.5;31.7) with a range of 87.7 kg
(p<0.01).
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Table 8:Body weight development (start, discharge and reduction) for all patients, male
patients and female patients. Given are median (quartiles: Q1 ; Q3). Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Body weight at start
(kg)
Body weight at
discharge (kg)
Weight reduction
(kg)

All patients
114.7 (96.5;138.4)
N= 125
93.1 (83.3;107.9)
N= 125
20.1 (13.3;30.7)
N= 125

Male patients
130.3 (104.0;152.8)
N=58
101.5 (83.4;119.5)
N=58
26.1 (16.3;34.2)
N=58

Female patients
112.0 (94.7;121.0)
N=67
89.1 (83.0;103.8)
N=67
18.9 (12.6;24.9)
N=67

Table 9: Body weight development (start, discharge and reduction) for short-term patients
(<3 months) and long-term patients (>3 months). Given are median (quartiles: Q1 ; Q3).
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Body weight at start (kg)

Long-term (>3 months)
116.8 (101.8;140.0)
N=110
93.8 (83.5;107.8)
N=110
21.9 (16.5;31.7)
N=110

Δ Weight (kg)

Δ Weight (kg)

Body weight at discharge
(kg)
Weight reduction (kg)

Short-term (<3 months)
98.8 (88.5;118.1)
N=15
90.5 (79.9;111.7)
N=15
7.4 (5.1;9.4)
N=15

Female patients

Male patients

All patients

All patients

Short-term patients Long-term patients

Figure 10: Weight reduction (kg) of the female patients, male patients, all patients, short-term
patients (<3 months) and long-term patients (>3 months). Left: Female, male and all patients.
Right: All patients, short- and long-term patients. Represented are median, quartiles
(Q1;Q3), range and outliers. Rehabilitation Center Insula, Bischofswiesen, Germany. 20072008.
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3.3.1.1.

Statistical influence and correlation between body weight at
start and change in body weight

The linear regression analysis (r2=0.61) showed that the starting body weight has a
high statistical influence on the body weight reduction during therapy. The
correlation coefficient according to Pearson was -0.781. The validity of the test

Δ Weight (kg)

showed a significance level of p<0.01 using a two-tailed test.

Starting weight (kg)

Figure 11: Relationship between starting weight (kg) and Δ weight (kg) for the entire patient
collective. Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.646, female: r2=0.484) showed that in male patients the starting body weight
has a stronger statistical influence on the body weight reduction than in female
patients. The correlation coefficient after Pearson for male patients was -0.804 and
for female patients -0.696. The validity of the test showed a significance level of
p<0.01 for both groups using a two-tailed test.
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Δ Weight (kg)

Δ Weight (kg)

Starting weight (kg)

Starting weight (kg)

Figure 12: Relationship between starting weight (kg) and Δ weight (kg). Left: Male patients.
Right: Female patients. Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.

In regard to short-and long-term patients the linear regression analysis (short-term:
r2=0.229, long-term: r2=0.651) showed a stronger statistical influence of the starting
body weight on body weight reduction in long-term patients. The correlation
coefficient after Pearson for short-term patients was -0.478 and for long-term
patients -0.807. The validity of the test showed a significance level of p<0.01 for

Δ Weight (kg)

Δ Weight (kg)

both groups using a two-tailed test.

Starting weight (kg)

Starting weight (kg)

Figure 13: Relationship between starting weight (kg) and Δ weight (kg). Left: Short-term
patients (<3 months). Right: Long-term patients (>3 months). Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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3.3.1.2.

Statistical influence and correlation between starting visceral
fat and starting body weight

The linear regression analysis (r2=0.429) showed, that the starting visceral fat has a
moderate statistical influence on the starting body weight. The correlation
coefficient according to Pearson was 0.655. The validity of the test showed a

Starting visceral fat (mm)

significance level of p<0.01 using a two-tailed test.

Starting weight (kg)

Figure 14: Relationship between starting weight (kg) and starting visceral fat (mm) for the
entire patient collective. Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.444, female: r2=0.342) showed that in female patients the starting body weight
has a stronger statistical influence on the starting visceral fat. The correlation
coefficient after Pearson for male patients was 0.666 and for female patients 0.585.
The validity of the test showed a significance level of p<0.01 for both groups using
a two-tailed test.
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Starting visceral fat (mm)

Starting visceral fat (mm)

Starting weight (kg)

Starting weight (kg)

Figure 15: Relationship between starting weight (kg) and starting visceral fat (mm). Left:
Male patients. Right: Female patients. Represented is the linear regression. Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008.

In regard to short- versus long-term patients the linear regression analysis (shortterm: r2=0.089, long-term: r2=0.460) showed, that the starting body weight in longterm patients had a much stronger statistical influence on the starting visceral fat.
The correlation coefficient after Pearson for short-term patients was 0.299 (n.s.) and
for long-term patients 0.678 (p<0.01). The validity test for both groups was two-

Starting visceral fat (mm)

Starting visceral fat (mm)

tailed.

Starting weight (kg)

Starting weight (kg)

Figure 16: Relationship between starting weight (kg) and starting visceral fat (mm). Left:
Short-term patients (<3 months). Right: Long-term patients (>3 months). Represented is the
linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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3.3.1.3.

Statistical influence and correlation between change in
visceral fat and change in body weight

According to the linear regression (r2=0.264), the body weight reduction has a slight
statistical influence on the visceral fat reduction. The correlation coefficient after
Pearson was 0.514. The validity of the test showed a significance level of p<0.01

Δ Visceral fat (mm)

using a two-tailed test.

Δ Weight (kg)

Figure 17: Relationship between Δ weight (kg) and Δ visceral fat (mm) for the entire patient
collective. Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.299, female: r2=0.235) showed that the body weight reduction in male patients
has a stronger statistical influence on the visceral fat reduction. The correlation
coefficient after Pearson for male patients was 0.547 and for female patients 0.485.
The validity of the test showed a significance level of p<0.01 for both groups using
a two-tailed test.
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Δ Visceral fat (mm)

Δ Visceral fat (mm)

Δ Weight (kg)

Δ Weight (kg)

Figure 18: Relationship between Δ weight (kg) and Δ visceral fat (mm). Left: Male patients.
Right: Female patients. Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.

In regard to short-and long-term patients the linear regression analysis (short-term:
r2=0.491, long-term: r2=0.247) showed that the body weight reduction in short-term
patients has a stronger statistical influence on the visceral fat reduction. The
correlation coefficient after Pearson for short-term patients was 0.701 and for longterm patients 0.497. The validity of the test showed a significance level of p<0.01

Δ Visceral fat (mm)

Δ Visceral fat (mm)

for both groups using a two-tailed test.

Δ Weight (kg)

Δ Weight (kg)

Figure 19: Relationship between Δ weight (kg) and Δ visceral fat (mm). Left: Short-term
patients (<3 months). Right: Long-term patients (>3 months). Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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3.3.2.

BMI

The median reduction in BMI for all patients was 7.7 (5.4;9.7) with a range of 32.9
kg/m2 (p<0.01). The mean reduction in BMI for all patients was 8.2 kg/m2 ± 4.7
(min: 0.9 kg/m2, max: 33.8). There was a significant difference (Wilcoxon/MannWhitney U p<0.05) between the male group with a median reduction of 8.4
(6.3;10.6) with a range of 31.8 kg/m2 (p<0.01) to the female group with a median
reduction of 7.1 (4.7;8.9) with a range of 18.9 kg/m2 (p<0.01).
Regarding the reduction in short-and long-term patients, there was a significant
difference (Wilcoxon/Mann-Whitney U p<0.01). The short-term patients had a
median reduction of 2.4 (1.8;3.8) with a range of 6.2 kg/m2 (p<0.01) while the longterm patients had a median reduction of 8.3 (6.5;10.3) with a range of 31.4 kg/m2
(p<0.01).

Table 10: BMI development (start, discharge and reduction) for all patients, male patients
and female patients. Given are median (quartiles: Q1 ; Q3). Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008. BMI: Body mass index

Parameter
All patients
2
BMI at start (kg/m ) 39.2 (35.0;45.5)
N=125
BMI at discharge
31.7 (28.9;36.3)
2
(kg/m )
N=125
BMI reduction
7.7 (5.4;9.7)
2
(kg/m )
N=125

Male patients
40.3 (35.2;45.9)
N=58
31.6 (28.9;36.0)
N=58
8.4 (6.3;10.6)
N=58

Female patients
38.9 (34.7;45.1)
N=67
32.1 (28.9;37.1)
N=67
7.1 (4.7;8.9)
N=67

Table 11: BMI development (start, discharge and reduction) for short-term patients (<3
months) and long-term patients (>3 months). Given are median (quartiles: Q1 ; Q3).
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. BMI: Body mass index

Parameter
BMI at start (kg/m2)
BMI at discharge (kg/m2)
BMI reduction (kg/m2)

Short-term (<3 months)
35.0 (32.6;38.3)
N=15
32.2 (36.4;29.3)
N=15
2.4 (1.8;3.8)
N=15

Long-term (>3 months)
40.3 (35.6;35.6)
N=110
31.6 (28.9;36.3)
N=110
8.3 (6.5;10.3)
N=110
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Δ BMI (kg/m2)

Δ BMI (kg/m2)

Female patients

Male patients

All patients

All patients

Short-term patients Long-term patients

Figure 20: Δ BMI (kg/m2) of the female patients, male patients, all patients, short-term
patients (<3 months) and long-term patients (>3 months). Left: Female, male and all patients.
Right: All patients, short- and long-term patients. Represented are median, quartiles
(Q1;Q3), range and outliers. Rehabilitation Center Insula, Bischofswiesen, Germany. 20072008. BMI: Body mass index.

3.3.2.1.

Statistical influence and correlation between change in BMI
and BMI at start

The linear regression analysis (r2=0.547) showed, that the starting BMI has a high
statistical influence on the BMI reduction during therapy. The correlation
coefficient according to Pearson was -0.740. The validity of the test showed a
significance level of p<0.01 using a two-tailed test.
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Δ BMI (kg/m2)

Starting BMI (kg/m2)

Figure 21: Relationship between starting BMI (kg/m2) and Δ BMI (kg/m2) for the entire
patient collective. Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008. BMI: Body mass index.

When separating male and female patients, the linear regression analysis (male:
r2=0.652, female: r2=0.455) showed that in male patients the starting BMI has a
stronger statistical influence on the BMI reduction. The correlation coefficient after
Pearson for male patients was -0.807 and for female patients -0.675. The validity of
the test showed a significance level of p<0.01 for both groups using a two-tailed

Δ BMI (kg/m2)

Δ BMI (kg/m2)

test.

Starting BMI (kg/m2)

Starting BMI (kg/m2)

Figure 22: Relationship between starting BMI (kg/m2) and Δ BMI (kg/m2). Left: Male
patients. Right: Female patients. Represented is the linear regression. Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008. BMI: Body mass index.
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In regard to short-and long-term patients the linear regression analysis (short-term:
r2=0.142, long-term: r2=0.556) showed, that in long-term patients the starting BMI
has a stronger statistical influence on BMI reduction. The correlation coefficient
after Pearson for short-term patients was -0.377 (n.s.) and for long-term patients

Δ BMI (kg/m2)

Δ BMI (kg/m2)

-0.746 (p<0.01). The validity test for both groups was two-tailed.

Starting BMI (kg/m2)

Starting BMI (kg/m2)

Figure 23: Relationship between starting BMI (kg/m2) and Δ BMI (kg/m2). Left: Short-term
patients (<3 months). Right: Long-term patients (>3 months). Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. BMI: Body
mass index.

3.3.2.2.

Statistical influence and correlation between starting visceral
fat and starting BMI

The linear regression analysis (r2=0.468) showed a moderate statistical influence of
the starting BMI on the starting visceral fat. The correlation coefficient according to
Pearson was 0.684. The validity of the test showed a significance level of p<0.01
using a two-tailed test.
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Starting visceral fat (mm)

Starting BMI (kg/m2)

Figure 24: Relationship between starting BMI (kg/m2) and starting visceral fat (mm) for the
entire patient collective. Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008. BMI: Body mass index.

When separating male and female patients, the linear regression analysis (male:
r2=0.478, female: r2=0.484) showed a similar statistical influence of the starting
BMI on the starting visceral fat. The correlation coefficient after Pearson for male
patients was 0.691 and for female patients 0.696. The validity of the test showed a

Starting visceral fat (mm)

Starting visceral fat (mm)

significance level of p<0.01 for both groups using a two-tailed test.

Starting BMI (kg/m2)

Starting BMI (kg/m2)

Figure 25: Relationship between starting BMI (kg/m2) and starting visceral fat (mm). Left:
Male patients. Right: Female patients. Represented is the linear regression. Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008. BMI: Body mass index.
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In regard to short- versus long-term patients the linear regression analysis (shortterm: r2=0.077, long-term: r2=0.496) showed a stronger statistical influence of the
starting BMI on the starting visceral fat in long-term patients. The correlation
coefficient after Pearson for short-term patients was 0.278 (n.s.) and for long-term

Starting visceral fat (mm)

Starting visceral fat (mm)

patients 0.705 (p<0.01). The validity test for both groups was two-tailed.

Starting BMI (kg/m2)

Starting BMI (kg/m2)

Figure 26: Relationship between starting BMI (kg/m2) and starting visceral fat (mm). Left:
Short-term patients (<3 months). Right: Long-term patients (>3 months). Represented is the
linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. BMI:
Body mass index.

3.3.2.3.

Statistical influence and correlation between change in
visceral fat and change in BMI

According to the linear regression (r2=0.280), there is a slight statistical influence of
the BMI reduction on the visceral fat reduction. The correlation coefficient after
Pearson was 0.529. The validity of the test showed a significance level of p<0.01
using a two-tailed test.
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Δ Visceral fat (mm)

Δ BMI (kg/m2)

Figure 27: Relationship between Δ BMI (kg/m2) and Δ visceral fat (mm) for the entire patient
collective. Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008. BMI: Body mass index.

When separating male and female patients, the linear regression analysis (male:
r2=0.286, female: r2=0.280) showed a similar statistical influence of the BMI
reduction on visceral fat reduction. The correlation coefficient after Pearson for
male patients was 0.535 and for female patients 0.529. The validity of the test

Δ Visceral fat (mm)

Δ Visceral fat (mm)

showed a significance level of p<0.01 for both groups using a two-tailed test.

Δ BMI (kg/m2)

Δ BMI (kg/m2)

Figure 28: Relationship between Δ BMI (kg/m2) and Δ visceral fat (mm). Left: Male patients.
Right: Female patients. Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008. BMI: Body mass index.
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In regard to short- versus long-term patients the linear regression analysis (shortterm: r2=0.518, long-term: r2=0.266) showed a stronger statistical influence of the
BMI reduction on the visceral fat reduction in short-term patients. The correlation
coefficient after Pearson for short-term patients was 0.720 and for long-term
patients 0.515. The validity of the test showed a significance level of p<0.01 for

Δ Visceral fat (mm)

Δ Visceral fat (mm)

both groups using a two-tailed test.

Δ BMI (kg/m2)

Δ BMI (kg/m2)

Figure 29: Relationship between Δ BMI (kg/m2) and Δ visceral fat (mm). Left: Short-term
patients (<3 months). Right: Long-term patients (>3 months). Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. BMI: Body
mass index

3.3.3.

Waist circumference

The median reduction in waist circumference for all patients was 17 (11;25) with a
range of 56 cm (p<0.01). There was a significant difference (Wilcoxon/MannWhitney U p<0.01) between the male group with a median reduction of 21 (13;28)
with a range of 45 cm (p<0.01) to the female group with a median reduction of 15
(10;20) with a range of 56 cm (p<0.01).
There was a significant difference (Wilcoxon/Mann-Whitney U p<0.01) between
waist circumference reduction in short- and long-term patients. The short-term
patients had a median reduction of 10 (3;15) with a range of 26 cm (p<0.01) while
the long-term patients had a median reduction of 18 (13;26) with a range of 53 cm
(p<0.01).
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Table 12: Waist circumference development (start, discharge and reduction) for all patients,
male patients and female patients. Given are median (quartiles: Q1 ; Q3). Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Waist circumference
at start (cm)
Waist circumference
at discharge (cm)
Waist circumference
reduction (cm)

All patients
123 (112;137)
N=125
105 (98;115)
N=124
17 (11;25)
N=124

Male patients
126 (114;143)
N=58
106 (98;115)
N=58
21 (13;28)
N=58

Female patients
118 (111;133)
N=67
104 (98;115)
N=66
15 (10;20)
N=66

Table 13: Waist circumference development (start, discharge and reduction) for short-term
patients (<3 months) and long-term patients (>3 months). Given are median (quartiles: Q1 ;
Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Short-term (<3 months)
110 (108;118)
N=15
104 (98;116)
N=15
10 (3;15)
N=15

Long-term (>3 months)
124 (113;139)
N=110
105 (98;115)
N=109
18 (13;26)
N=109

Δ Waist circumference (cm)

Δ Waist circumference (cm)

Parameter
Waist circumference at start
(cm)
Waist circumference at
discharge (cm)
Waist circumference
reduction (cm)

Female patients

Male patients

All patients

All patients

Short-term patients Long-term patients

Figure 30: Δ Waist circumference (cm) of the female patients, male patients, all patients,
short-term patients (<3 months) and long-term patients (>3 months). Left: Female, male and
all patients. Right: All patients, short- and long-term patients. Represented are median,
quartiles (Q1;Q3), range and outliers. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008.
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3.3.3.1.

Statistical influence and correlation between change in waist
circumference and waist circumference at start

The linear regression analysis (r2=0.407) showed a moderate statistical influence of
the starting waist circumference on the waist circumference reduction during
therapy. The correlation coefficient according to Pearson was -0.638. The validity of

Δ Waist circumference (cm)

the test showed a significance level of p<0.01 using a two-tailed test.

Starting waist circumference (cm)

Figure 31: Relationship between starting waist circumference (cm) and Δ waist circumference
(cm) for the entire patient collective. Represented is the linear regression. Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.392, female: r2=0.394) showed a similar statistical influence of the starting
waist circumference on waist circumference reduction. The correlation coefficient
after Pearson for male patients was -0.626 and for female patients -0.628. The
validity of the test showed a significance level of p<0.01 for both groups using a
two-tailed test.
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Δ Waist circumference (cm)

Δ Waist circumference (cm)

Starting waist circumference (cm)

Starting waist circumference (cm)

Figure 32: Relationship between starting waist circumference (cm) and Δ waist circumference
(cm). Left: Male patients. Right: Female patients. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.122, long-term: r2=0.407) showed a higher statistical influence of the starting
waist circumference on the waist circumference reduction in long-term patients. The
correlation coefficient after Pearson for short-term patients was -0.349(n.s.) and for

Δ Waist circumference (cm)

Δ Waist circumference (cm)

long-term patients -0.638 (p<0.01). The validity test for both groups was two-tailed.

Starting waist circumference (cm)

Starting waist circumference (cm)

Figure 33: Relationship between starting waist circumference (cm) and Δ waist circumference
(cm). Left: Short-term patients (<3 months). Right: Long-term patients (>3 months).
Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany.
2007-2008.
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3.3.3.2.

Statistical influence and correlation between starting visceral
fat and starting waist circumference

The linear regression analysis (r2=0.389) showed a moderate statistical influence of
the starting visceral fat on the starting waist circumference. The correlation
coefficient according to Pearson was 0.624. The validity of the test showed a

Starting waist circumference (cm)

significance level of p<0.01 using a two-tailed test.

Starting visceral fat (mm)

Figure 34: Relationship between starting visceral fat (mm) and starting waist circumference
(cm) for the entire patient collective. Represented is the linear regression. Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.416, female: r2=0.304) showed a stronger statistical influence of the starting
visceral fat on starting waist circumference in male patients. The correlation
coefficient after Pearson for male patients was 0.645 and for female patients 0.552.
The validity of the test showed a significance level of p<0.01 for both groups using
a two-tailed test.
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Starting waist circumference (cm)

Starting waist circumference (cm)

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 35: Relationship between starting visceral fat (mm) and starting waist circumference
(cm). Left: Male patients. Right: Female patients. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.056, long-term: r2=0.419) showed a higher statistical influence of the starting
visceral fat on starting waist circumference in long-term patients. The correlation
coefficient after Pearson for short-term patients was 0.236 (n.s.) and for long-term

Starting waist cirfumcerence (cm)

Starting waist cirfumcerence (cm)

patients 0.647 (p<0.01). The validity test for both groups was two-tailed.

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 36: Relationship between starting visceral fat (mm) and starting waist circumference
(cm). Left: Short-term patients (<3 months). Right: Long-term patients (>3 months).
Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany.
2007-2008.
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3.3.3.3.

Statistical influence and correlation between change in
visceral fat and change in waist circumference

According to the linear regression (r2=0.215), there is a slight statistical influence of
the reduction of visceral fat on the waist circumference reduction. The correlation
coefficient after Pearson was 0.463. The validity of the test showed a significance

Δ Waist circumference (cm)

level of p<0.01 using a two-tailed test.

Δ Visceral fat (mm)

Figure 37: Relationship between Δ visceral fat (mm) and Δ waist circumference (cm) for the
entire patient collective. Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.231, female: r2=0.217) showed that there is a similar statistical influence of the
reduction of visceral fat on waist circumference reduction. The correlation
coefficient after Pearson for male patients was 0.481 and for female patients 0.466.
The validity of the test showed a significance level of p<0.01 for both groups using
a two-tailed test.
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Δ Waist circumference (cm)

Δ Waist circumference (cm)

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 38: Relationship between Δ visceral fat (mm) and Δ waist circumference (cm). Left:
Male patients. Right: Female patients. Represented is the linear regression. Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.304, long-term: r2=0.192) showed a higher statistical influence of the visceral
fat reduction on the waist circumference reduction in short-term patients. The
correlation coefficient after Pearson for short-term patients was 0.551 (n.s.) and for

Δ Waist circumference (cm)

Δ Waist circumference (cm)

long-term patients 0.438 (p<0.01). The validity test for both groups was two-tailed.

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 39: Relationship between Δ visceral fat (mm) and Δ waist circumference (cm). Left:
Short-term patients (<3 months). Right: Long-term patients (>3 months). Represented is the
linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

47

3.3.4.

Fat mass (as estimated by Bio-impedance analysis)

The median reduction in fat mass for all patients was 8 (4;11) with a range of 40 %
(p<0.01). There was a significant difference (Wilcoxon/Mann-Whitney U p<0.01)
between the male group with a median reduction of 10 (6;13) with a range of 39 %
(p<0.01) to the female group with a median reduction of 7 (4;10) with a range of 30
% (p<0.01).
There was a significant difference in reduction of fat mass (Wilcoxon/MannWhitney U p<0.01) between short- and long-term patients. The short-term patients
had a median reduction of 3 (-2;5) with a range of 14 % (n.s.) while the long-term
patients had a median reduction of 8 (6;12) with a range of 40 % (p<0.01).

Table 14: Fat mass development (start, discharge and reduction) for all patients, male
patients and female patients. Given are median (quartiles: Q1 ; Q3). Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
All patients
Fat mass at start (%) 45 (40;50)
N=125
Fat mass at
38 (30;44)
discharge (%)
N=125
Fat mass reduction
8 (4;11)
(%)
N=125

Male patients
40 (38;45)
N=58
30 (27;36)
N=58
10 (6;13)
N=58

Female patients
49 (45;53)
N=67
43 (38;45)
N=67
7 (4;10)
N=67

Table 15: Fat mass development (start, discharge and reduction) for short-term patients (<3
months) and long-term patients (>3 months). Given are median (quartiles: Q1 ; Q3).
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Fat mass at start (%)
Fat mass at discharge (%)
Fat mass reduction (%)

Short-term (<3 months)
40 (37;46)
N=15
41 (34;46)
N=15
3 (-2;5)
N=15

Long-term (>3 months)
45 (40;51)
N=110
38 (30;44)
N=109
8 (6;12)
N=109
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Δ Fat mass (cm)

Δ Fat mass (%)

Female patients

Male patients

All patients

All patients

Short-term patients Long-term patients

Figure 40: Δ Fat mass (%) of the female patients, male patients, all patients, short-term
patients (<3 months) and long-term patients (>3 months). Left: Female, male and all patients.
Right: All patients, short- and long-term patients. Represented are median, quartiles
(Q1;Q3), range and outliers. Rehabilitation Center Insula, Bischofswiesen, Germany. 20072008.

3.3.4.1.

Statistical influence and correlation between change in fat
mass and fat mass at start

The linear regression analysis (r2=0.003) showed, that there is no statistical
influence of the starting fat mass on the fat mass reduction during therapy. The
correlation coefficient according to Pearson was -0.059. The validity of the test
showed no significance level using a two-tailed test.
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Figure 41: Relationship between starting fat mass (%) and Δ fat mass (%) for the entire
patient collective. Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.072, female: r2=0.085) showed, that there is a similar statistical influence of the
starting fat mass on reduction of fat mass. The correlation coefficient after Pearson
for male patients was -0.269 and for female patients -0.291. The validity of the test

Δ Fat mass (%)

Δ Fat mass (%)

showed a significance level of p<0.05 for both groups using a two-tailed test.

Starting fat mass (%)

Starting fat mass (%)

Figure 42: Relationship between starting fat mass (%) and Δ fat mass (%). Left: Male
patients. Right: Female patients. Represented is the linear regression. Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.176, long-term: r2=0.000) showed a stronger statistical influence of the starting
fat mass on fat mass reduction in short-term patients. The correlation coefficient
after Pearson for short-term patients was 0.419 (n.s.) and for long-term patients

Δ Fat mass (%)

Δ Fat mass (%)

-0.012 (n.s.). The validity test for both groups was two-tailed.

Starting fat mass (%)

Starting fat mass (%)

Figure 43: Relationship between starting fat mass (%) and Δ fat mass (%). Left: Short-term
patients (<3 months). Right: Long-term patients (>3 months). Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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3.3.4.2.

Statistical influence and correlation between starting visceral
fat and starting fat mass

The linear regression analysis (r2=0.030) showed, that there is no statistical
influence of the starting fat mass on the starting visceral fat. The correlation
coefficient according to Pearson was 0.174. The validity of the test showed no

Starting visceral fat (mm)

significance level using a two-tailed test.

Starting fat mass (%)

Figure 44: Relationship between starting fat mass (%) and starting visceral fat (mm) for the
entire patient collective. Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.086, female: r2=0.198) showed a higher statistical influence of the starting fat
mass on the starting visceral fat in female patients. The correlation coefficient after
Pearson for male patients was 0.294 (p<0.05) and for female patients 0.445
(p<0.01). The validity test for both groups was two-tailed.
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Starting visceral fat (mm)

Starting visceral fat (mm)

Starting fat mass (%)

Starting fat mass (%)

Figure 45: Relationship between starting fat mass (%) and starting visceral fat (mm). Left:
Male patients. Right: Female patients. Represented is the linear regression. Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.057, long-term: r2=0.035) showed that there is a similar statistical influence of
the starting fat mass on the starting visceral fat. The correlation coefficient after
Pearson for short-term patients was -0.238 (n.s.) and for long-term patients 0.188

Starting visceral fat (mm)

Starting visceral fat (mm)

(n.s.). The validity test for both groups was two-tailed.

Starting fat mass (%)

Starting fat mass (%)

Figure 46: Relationship between starting fat mass (%) and starting visceral fat (mm). Left:
Short-term patients (<3 months). Right: Long-term patients (>3 months). Represented is the
linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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3.3.4.3.

Statistical influence and correlation between change in
visceral fat and change in fat mass

According to the linear regression (r2=0.039), there is no statistical influence of the
reduction of fat mass on the visceral fat reduction. The correlation coefficient after
Pearson was 0.198. The validity of the test showed a significance level of p<0.05

Δ Visceral fat (mm)

using a two-tailed test.

Δ Fat mass (%)

Figure 47: Relationship between Δ fat mass (%) and Δ visceral fat (mm) for the entire patient
collective. Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.007, female: r2=0.139) showed a higher statistical influence of the fat mass
reduction on the visceral fat reduction in female patients. The correlation coefficient
after Pearson for male patients was 0.084 (n.s.) and for female patients 0.373
(p<0.01). The validity test for both groups was two-tailed.
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Δ Visceral fat (mm)

Δ Visceral fat (mm)

Δ Fat mass (%)

Δ Fat mass (%)

Figure 48: Relationship between Δ fat mass (%) and Δ visceral fat (mm). Left: Male patients.
Right: Female patients. Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.118, long-term: r2=0.020) showed a higher statistical influence of the fat mass
reduction on the visceral fat reduction in short-term patients. The correlation
coefficient after Pearson for short-term patients was 0.343 and for long-term
patients 0.142. The validity of the test showed no significance level for both groups

Δ Visceral fat (mm)

Δ Visceral fat (mm)

using a two-tailed test.

Δ Fat mass (%)

Δ Fat mass (%)

Figure 49: Relationship between Δ fat mass (%) and Δ visceral fat (mm). Left: Short-term
patients (<3 months). Right: Long-term patients (>3 months). Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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3.3.5.

Systolic blood pressure

The median reduction in systolic blood pressure for all patients was 10 (3;18) with a
range of 64 mmHg (p<0.01). There was no significant difference (Wilcoxon/MannWhitney U p>0.05) between the male group with a median reduction of 8 (0;16)
with a range of 64 mmHg (p<0.01) to the female group with a median reduction of
10 (4;18) with a range of 54 mmHg (p<0.01).
Regarding the reduction in short- and long-term patients, there was no significant
difference (Wilcoxon/Mann-Whitney U p>0.05). The short-term patients had a
median reduction of 4 (0;13) with a range of 29 mmHg (n.s.) while the long-term
patients had a median reduction of 10 (4;20) with a range of 64 mmHg (p<0.01).
Table 16: Systolic blood pressure development (start, discharge and reduction) for all
patients, male patients and female patients. Given are median (quartiles: Q1 ; Q3).
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Systolic BP at start
(mmHg)
Systolic BP at
discharge (mmHg)
Systolic BP
reduction (mmHg)

All patients
125 (119;133)
N=124
115 (110;120)
N=125
10 (3;18)
N=124

Male patients
127 (120;133)
N=58
116 (113;122)
N=58
8 (0;16)
N=58

Female patients
125 (115;133)
N=66
113 (108;120)
N=67
10 (4;18)
N=66

Table 17: Systolic blood pressure development (start, discharge and reduction) for short-term
patients (<3 months) and long-term patients (>3 months). Given are median (quartiles: Q1 ;
Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. Syst. BP: Systolic
blood pressure.

Parameter
Short-term (<3 months)
Systolic BP at start (mmHg) 120 (115;126)
N=15
Systolic BP at discharge
113 (108;123)
(mmHg)
N=15
Systolic BP reduction
4 (0;13)
(mmHg)
N=15

Long-term (>3 months)
125 (120;135)
N=109
115 (110;120)
N=110
10 (4;20)
N=109
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Δ Systolic blood pressure (mmHg)

Δ Systolic blood pressure (mmHg)

Female patients

Male patients

All patients

All patients

Short-term patients Long-term patients

Figure 50: Δ Systolic blood pressure (mmHg) of the female patients, male patients, all
patients, short-term patients (<3 months) and long-term patients (>3 months). Left: Female,
male and all patients. Right: All patients, short- and long-term patients. Represented are
median, quartiles (Q1;Q3), range and outliers. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008.

3.3.5.1.

Statistical influence and correlation between change in
systolic blood pressure and systolic blood pressure at start

The linear regression analysis (r2=0.515) showed, that there is a strong statistical
influence of the starting systolic blood pressure on the systolic blood pressure
reduction during therapy. The correlation coefficient according to Pearson was
-0.718. The validity of the test showed a significance level of p<0.01 using a twotailed test.
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Δ Systolic blood pressure (mmHg)

Starting systolic blood pressure (mmHg)

Figure 51: Relationship between starting systolic blood pressure (mmHg) and Δ systolic blood
pressure (mmHg) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.469, female: r2=0.604) showed a higher statistical influence of the starting
systolic blood pressure on reduction of systolic blood pressure in female patients.
The correlation coefficient after Pearson for male patients was -0.685 and for
female patients -0.777. The validity of the test showed a significance level of

Δ Systolic blood pressure (mmHg)

Δ Systolic blood pressure (mmHg)

p<0.01 for both groups using a two-tailed test.

Starting systolic blood pressure (mmHg)

Starting systolic blood pressure (mmHg)

Figure 52: Relationship between starting systolic blood pressure (mmHg) and Δ systolic blood
pressure (mmHg). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.001, long-term: r2=0.560) showed a higher statistical influence of the starting
systolic blood pressure on systolic blood pressure reduction in long-term patients.
The correlation coefficient after Pearson for short-term patients was -0.038 (n.s.)
and for long-term patients -0.748 (p<0.01). The validity test for both groups was

Δ Systolic blood pressure (mmHg)

Δ Systolic blood pressure (mmHg)

two-tailed.

Starting systolic blood pressure (mmHg)

Starting systolic blood pressure (mmHg)

Figure 53: Relationship between starting systolic blood pressure (mmHg) and Δ systolic blood
pressure (mmHg). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008.

3.3.5.2.

Statistical influence and correlation between starting visceral
fat and starting systolic blood pressure

The linear regression analysis (r2=0.146) showed a slight statistical influence of the
starting visceral fat on the starting systolic blood pressure. The correlation
coefficient according to Pearson was 0.382. The validity of the test showed a
significance level of p<0.01 using a two-tailed test.
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Starting systolic blood pressure (mmHg)

Starting visceral fat (mm)

Figure 54: Relationship between starting visceral fat (mm) and starting systolic blood
pressure (mmHg) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.163, female: r2=0.122) showed that there is a similar statistical influence of the
starting visceral fat on starting systolic blood pressure. The correlation coefficient
after Pearson for male patients was 0.403 and for female patients 0.349. The
validity of the test showed a significance level of p<0.01 for both groups using a

Starting systolic blood pressure (mmHg)

Starting systolic blood pressure (mmHg)

two-tailed test.

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 55: Relationship between starting visceral fat (mm) and starting systolic blood
pressure (mmHg). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.100, long-term: r2=0.135) showed a similar statistical influence of the starting
visceral fat on starting systolic blood pressure. The correlation coefficient after
Pearson for short-term patients was 0.317 (n.s.) and for long-term patients 0.368

Starting systolic blood pressure (mmHg)

Starting systolic blood pressure (mmHg)

(p<0.01). The validity test for both groups was two-tailed.

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 56: Relationship between starting visceral fat (mm) and starting systolic blood
pressure (mmHg). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008.

3.3.5.3.

Statistical influence and correlation between change in
visceral fat and change in systolic blood pressure

According to the linear regression (r2=0.053), there is no statistical influence of the
reduction of visceral fat on the systolic blood pressure reduction. The correlation
coefficient after Pearson was 0.230. The validity of the test showed a significance
level of p<0.05 using a two-tailed test.
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Δ Systolic blood pressure (mmHg)

Δ Visceral fat (mm)

Figure 57: Relationship between Δ visceral fat (mm) and Δ systolic blood pressure (mmHg)
for the entire patient collective. Represented is the linear regression. Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.052, female: r2=0.058) showed a similar statistical influence of the reduction of
visceral fat on systolic blood pressure reduction. The correlation coefficient after
Pearson for male patients was 0.228 (n.s.) and for female patients 0.240 (n.s.). The

Δ Systolic blood pressure (mmHg)

Δ Systolic blood pressure (mmHg)

validity test for both groups was two-tailed.

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 58: Relationship between Δ visceral fat (mm) and Δ systolic blood pressure (mmHg).
Left: Male patients. Right: Female patients. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.075, long-term: r2=0.040) showed a similar statistical influence of the visceral
fat reduction on the systolic blood pressure reduction. The correlation coefficient
after Pearson for short-term patients was 0.274 (n.s.) and for long-term patients

Δ Systolic blood pressure (mmHg)

Δ Systolic blood pressure (mmHg)

0.201 (p<0.05). The validity test for both groups was two-tailed.

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 59: Relationship between Δ visceral fat (mm) and Δ systolic blood pressure (mmHg).
Left: Short-term patients (<3 months). Right: Long-term patients (>3 months). Represented
is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

3.3.6.

Diastolic blood pressure

The median reduction in diastolic blood pressure for all patients was 8 (0;15) with a
range of 58 mmHg (p<0.01). There was no significant difference (Wilcoxon/MannWhitney U p>0.05) between the male group with a median reduction of 5 (-3;17)
and a range of 58 mmHg (p<0.01) to the female group with a median reduction of 8
(0;15) and a range of 51 mmHg (p<0.01).
Regarding the reduction in short- and long-term patients, there was no significant
difference (Wilcoxon/Mann-Whitney U p>0.05). Short-term patients had a median
reduction of 3 (-4;10) with a range of 30 mmHg (n.s.) while long-term patients had
a median reduction of 8 (0;16) with a range of 58 mmHg (p<0.01).

63

Table 18: Diastolic blood pressure development (start, discharge and reduction) for all
patients, male patients and female patients. Given are median (quartiles: Q1 ; Q3).
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Diastolic BP at start
(mmHg)
Diastolic BP at
discharge (mmHg)
Diastolic BP
reduction (mmHg)

All patients
80 (75;88)
N=124
73 (68;80)
N=125
8 (0;15)
N=124

Male patients
82 (77;90)
N=58
75 (68;80)
N=58
5 (-3;17)
N=58

Female patients
80 (75;85)
N=66
72 (68;80)
N=67
8 (0;15)
N=66

Table 19: Diastolic blood pressure development (start, discharge and reduction) for shortterm patients (<3 months) and long-term patients (>3 months). Given are median (quartiles:
Q1 ; Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Short-term (<3 months)
80 (65;83)
N=15
70 (65;80)
N=15
3 (-4;10)
N=15

Long-term (>3 months)
80 (76;90)
N=109
73 (70;80)
N=110
8 (0;16)
N=109

Δ Diastolic blood pressure (mmHg)

Δ Diastolic blood pressure (mmHg)

Parameter
Diastolic BP at start
(mmHg)
Diastolic BP at discharge
(mmHg)
Diastolic BP reduction
(mmHg)

Female patients

Male patients

All patients

All patients

Short-term patients Long-term patients

Figure 60: Δ Diastolic blood pressure (mmHg) of the female patients, male patients, all
patients, short-term patients (<3 months) and long-term patients (>3 months). Left: Female,
male and all patients. Right: All patients, short- and long-term patients. Represented are
median, quartiles (Q1;Q3), range and outliers. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008.
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3.3.6.1.

Statistical influence and correlation between change in
diastolic blood pressure and diastolic blood pressure at start

The linear regression analysis (r2=0.503) showed a high statistical influence of the
starting diastolic blood pressure on the diastolic blood pressure reduction during
therapy. The correlation coefficient according to Pearson was -0.709. The validity of

Δ Diastolic blood pressure (mmHg)

the test showed a significance level of p<0.01 using a two-tailed test.

Starting diastolic blood pressure (mmHg)

Figure 61: Relationship between starting diastolic blood pressure (mmHg) and Δ diastolic
blood pressure (mmHg) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.552, female: r2=0.474) showed a higher statistical influence of the starting
diastolic blood pressure on reduction of diastolic blood pressure in male patients.
The correlation coefficient after Pearson for male patients was -0.743 and for
female patients -0.689. The validity of the test showed a significance level of
p<0.01 for both groups using a two-tailed test.
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Δ Diastolic blood pressure (mmHg)

Δ Diastolic blood pressure (mmHg)

Starting diastolic blood pressure (mmHg)

Starting diastolic blood pressure (mmHg)

Figure 62: Relationship between starting diastolic blood pressure (mmHg) and Δ diastolic
blood pressure (mmHg). Left: Male patients. Right: Female patients. Represented is the
linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.167, long-term: r2=0.538) showed a higher statistical influence of the starting
diastolic blood pressure on the diastolic blood pressure reduction in long-term
patients. The correlation coefficient after Pearson for short-term patients was -0.409
and for long-term patients -0.734. The validity of the test showed a significance

Δ Diastolic blood pressure (mmHg)

Δ Diastolic blood pressure (mmHg)

level of p<0.01 for both groups using a two-tailed test.

Starting diastolic blood pressure (mmHg)

Starting diastolic blood pressure (mmHg)

Figure 63: Relationship between starting diastolic blood pressure (mmHg) and Δ diastolic
blood pressure (mmHg). Left: Short-term patients (<3 months). Right: Long-term patients
(>3 months). Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.
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3.3.6.2.

Statistical influence and correlation between starting visceral
fat and starting diastolic blood pressure

The linear regression analysis (r2=0.094) showed, that there is no statistical
influence of the starting visceral fat on the starting diastolic blood pressure. The
correlation coefficient according to Pearson was 0.306. The validity of the test

Starting diastolic blood pressure (mmHg)

showed a significance level of p<0.01 using a two-tailed test.

Starting visceral fat (mm)

Figure 64: Relationship between starting visceral fat (mm) and starting diastolic blood
pressure (mmHg) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.104, female: r2=0.074) showed a similar statistical influence of the starting
visceral fat on starting diastolic blood pressure. The correlation coefficient after
Pearson for male patients was 0.322 and for female patients 0.271. The validity of
the test showed a significance level of p<0.05 for both groups using a two-tailed
test.
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Starting diastolic blood pressure (mmHg)

Starting diastolic blood pressure (mmHg)

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 65: Relationship between starting visceral fat (mm) and starting diastolic blood
pressure (mmHg). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.268, long-term: r2=0.066) showed a higher statistical influence of the starting
visceral fat on starting diastolic blood pressure in short-term patients. The
correlation coefficient after Pearson for short-term patients was 0.518 (p<0.05) and
for long-term patients 0.256 (p<0.01). The validity test for both groups was two-

Starting visceral fat (mm)

Starting diastolic blood pressure (mmHg)

Starting diastolic blood pressure (mmHg)

tailed.

Starting visceral fat (mm)

Figure 66: Relationship between starting visceral fat (mm) and starting diastolic blood
pressure (mmHg). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008.
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3.3.6.3.

Statistical influence and correlation between change in
visceral fat and change in diastolic blood pressure

According to the linear regression (r2=0.045), there is no statistical influence of the
reduction of visceral fat on the diastolic blood pressure reduction. The correlation
coefficient after Pearson was 0.213. The validity of the test showed a significance

Δ Diastolic blood pressure (mmHg)

level of p<0.05 using a two-tailed test.

Δ Visceral fat (mm)

Figure 67: Relationship between Δ visceral fat (mm) and Δ diastolic blood pressure (mmHg)
for the entire patient collective. Represented is the linear regression. Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.057, female: r2=0.032) showed that there is a similar statistical influence of the
reduction of visceral fat on the diastolic blood pressure reduction. The correlation
coefficient after Pearson for male patients was 0.238 (n.s.) and for female patients
0.178 (n.s.). The validity test for both groups was two-tailed.
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Δ Diastolic blood pressure (mmHg)

Δ Diastolic blood pressure (mmHg)

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 68: Relationship between Δ visceral fat (mm) and Δ diastolic blood pressure (mmHg).
Left: Male patients. Right: Female patients. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.241, long-term: r2=0.028) showed a higher statistical influence of the visceral
fat reduction on the diastolic blood pressure reduction in short-term patients. The
correlation coefficient after Pearson for short-term patients was 0.491 (n.s.) and for

Δ Diastolic blood pressure (mmHg)

Δ Diastolic blood pressure (mmHg)

long-term patients 0.166 (n.s.). The validity test for both groups was two-tailed.

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 69: Relationship between Δ visceral fat (mm) and Δ diastolic blood pressure (mmHg).
Left: Short-term patients (<3 months). Right: Long-term patients (>3 months). Represented
is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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3.3.7.

Intima-media thickness

The median reduction in IMT for all patients was -0.01 (-0.06;0.03) with a range of
0.31 mm (n.s.). There was no significant difference (Wilcoxon/Mann-Whitney U
p>0.05) between the male group with a median reduction of -0.03 (-0.08;0.19) and a
range of 0.31mm (p<0.05) to the female group with a median reduction of 0.00
(-0.05;0.04) and a range of 0.20 mm (n.s.).
Regarding the reduction in short- versus long-term patients, there was no significant
difference (Wilcoxon/Mann-Whitney U p>0.05). The short-term patients had a
median reduction of -0.01 (-0.07;0.03) with a range of 0.15 mm (n.s.) while the
long-term patients had a median reduction of -0.01 (-0.06;0.03) with a range of 0.31
mm (n.s.).

Table 20: IMT development (start, discharge and difference) for all patients, male patients
and female patients. Given are median (quartiles: Q1 ; Q3). Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008. IMT: Intima-media thickness.

Parameter
IMT at start (mm)
IMT at discharge
(mm)
IMT reduction
(mm)

All patients
0.51 (0.48;0.54)
n=94
0.54 (0.48;0.58)
n=103
-0.01 (-0.06;0.03)
n=79

Male patients
0.51 (0.47;0.56)
n= 45
0.56 (0.49;0.61)
n=52
-0.03 (-0.08;0.19)
n=41

Female patients
0.50 (0.49;0.54)
n=49
0.50 (0.46;0.55)
n=51
0.00 (-0.05;0.04)
n=38

Table 21: IMT development (start, discharge and difference) for short-term patients (<3
months) and long-term patients (>3 months). Given are median (quartiles: Q1 ; Q3).
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. IMT: Intima-media
thickness.

Parameter
IMT at start (mm)
IMT at discharge (mm)
IMT reduction (mm)

Short-term (<3 months)
0.51 (0.49;0.56)
N=12
0.51 (0.48;0.59)
N=12
-0.01 (-0.07;0.03)
N=10

Long-term (>3 months)
0.51 (0.48;0.54)
N=82
0.54 (0.48;0.58)
N=91
-0.01 (-0.06;0.03)
N=69
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Δ IMT (mm)

Δ IMT (mm)

Female patients

Male patients

All patients

All patients

Short-term patients Long-term patients

Figure 70: Δ IMT (mm) of the female patients, male patients, all patients, short-term patients
(<3 months) and long-term patients (>3 months). Left: Female, male and all patients. Right:
All patients, short- and long-term patients. Represented are median, quartiles (Q1;Q3), range
and outliers. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. IMT:
Intima-media thickness.

3.3.7.1.

Statistical influence and correlation between change in IMT
and IMT at start

The linear regression analysis (r2=0.096) showed that there is a slight statistical
influence of the starting IMT on the IMT reduction during therapy. The correlation
coefficient according to Pearson was -0.310. The validity of the test showed a
significance level of p< 0.01 using a two-tailed test.
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Δ IMT (mm)

Starting intima-media thickness (mm)

Figure 71: Relationship between starting IMT (mms) and Δ IMT (mm) for the entire patient
collective. Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008. IMT: Intima-media thickness.

When separating male and female patients, the linear regression analysis (male:
r2=0.137, female: r2=0.071) showed a higher statistical influence of the starting IMT
on reduction of IMT in male patients. The correlation coefficient after Pearson for

Δ IMT (mm)

Δ IMT (mm)

male patients was -0.370 (p<0.05) and for female patients -0.266 (n.s.).

Starting intima-media thickness (mm)

Starting intima-media thickness (mm)

Figure 72: Relationship between starting IMT (mms) and Δ IMT (mm). Left: Male patients.
Right: Female patients. Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008. IMT: Intima-media thickness.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.292, long-term: r2=0.083) showed a higher statistical influence of the starting
IMT on IMT reduction in short-term patients. The correlation coefficient after
Pearson for short-term patients was -0.540 (n.s.) and for long-term patients -0.288

Δ IMT (mm)

Δ IMT (mm)

(p<0.05).

Starting intima-media thickness (mm)

Starting intima-media thickness (mm)

Figure 73: Relationship between starting IMT (mms) and Δ IMT (mm). Left: Short-term
patients (<3 months). Right: Long-term patients (>3 months). Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. IMT: Intimamedia thickness.

3.3.7.2.

Statistical influence and correlation between starting visceral
fat and starting IMT

The linear regression analysis (r2=0.001) showed that there is no statistical influence
of the starting visceral fat on the starting IMT. The correlation coefficient according
to Pearson was 0.032 (n.s.).
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Starting IMT (mm)

Starting visceral fat (mm)

Figure 74: Relationship between starting visceral fat (mm) and starting IMT (mm) for the
entire patient collective. Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008. IMT: Intima-media thickness.

When separating male and female patients, the linear regression analysis (male:
r2=0.009, female: r2=0.010) showed that there is a similar statistical influence of the
starting visceral fat on starting IMT. The correlation coefficient after Pearson for

Starting IMT (mm)

Starting IMT (mm)

male patients was 0.097 (n.s.) and for female patients -0.100 (n.s.).

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 75: Relationship between starting visceral fat (mm) and starting IMT (mm). Left:
Male patients. Right: Female patients. Represented is the linear regression. Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008. IMT: Intima-media thickness.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.006, long-term: r2=0.001) showed that there is a similar statistical influence of
the starting visceral fat on starting IMT. The correlation coefficient after Pearson for

Starting IMT (mm)

Starting IMT (mm)

short-term patients was 0.079 (n.s.) and for long-term patients 0.035 (n.s.).

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 76: Relationship between starting visceral fat (mm) and starting IMT (mm). Left:
Short-term patients (<3 months). Right: Long-term patients (>3 months). Represented is the
linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. IMT:
Intima-media thickness.

3.3.7.3.

Statistical influence and correlation between change in
visceral fat and change in IMT

According to the linear regression (r2=0.022), there is no statistical influence of the
reduction of visceral fat on the IMT reduction. The correlation coefficient after
Pearson was -0.149 (n.s.).
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Δ IMT (mm)

Δ Visceral fat (mm)

Figure 77: Relationship between Δ visceral fat (mm) and Δ IMT (mm) for the entire patient
collective. Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008. IMT: Intima-media thickness.

When separating male and female patients, the linear regression analysis (male:
r2=0.004, female: r2=0.149) showed a higher statistical influence of the reduction of
visceral fat on IMT reduction in female patients. The correlation coefficient after

Δ IMT (mm)

Δ IMT (mm)

Pearson for male patients was -0.059 (n.s.) and for female patients -0.386 (p<0.05).

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 78: Relationship between Δ visceral fat (mm) and Δ IMT (mm). Left: Male patients.
Right: Female patients. Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008. IMT: Intima-media thickness.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.160, long-term: r2=0.038) showed a higher statistical influence of the visceral
fat reduction on the IMT reduction in short-term patients. The correlation
coefficient after Pearson for short-term patients was 0.400 (n.s.) and for long-term

Δ IMT (mm)

Δ IMT (mm)

patients -0.196 (n.s.).

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 79: Relationship between Δ visceral fat (mm) and Δ IMT (mm). Left: Short-term
patients (<3 months). Right: Long-term patients (>3 months). Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. IMT: Intimamedia thickness.

3.4. Parameters of fat metabolism
3.4.1.

Serum triglyceride concentrations

The median reduction in serum triglyceride concentration for all patients was 0.10
(-0.12;0.38) with a range of 7.56 mmol/l (p<0.01). There was a significant
difference (Wilcoxon/Mann-Whitney U p<0.05) between the male group with a
median reduction of 0.17 (-0.03;0.63) and a range of 5.46 mmol/l (p<0.05) to the
female group with a median reduction of 0.04 (-0.29;0.29) and a range of 5.43
mmol/l (n.s.).
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Regarding the reduction in short- and long-term patients, there was no significant
difference (Wilcoxon/Mann-Whitney U p>0.05). The short-term patients had a
median reduction of 0.04 (-0.46;0.69) with a range of 5.49 mmol/l (n.s.) while the
long-term patients had a median reduction of 0.11 (-0.09;0.39) with a range of 6.19
mmol/l (p<0.01).
Table 22: Serum triglyceride concentration development (start, discharge and reduction) for
all patients, male patients and female patients. Given are median (quartiles: Q1 ; Q3).
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Triglycerides at start
(mmol/l)
Triglycerides at
discharge (mmol/l)
Triglycerides
reduction (mmol/l)

All patients
1.16 (0.88;1.57)
N=124
1.04 (0.74;1.42)
N=125
0.10 (-0.12;0.38)
N=124

Male patients
1.10 (0.80;1.45)
N=57
0.82 (0.62;1.23)
N=58
0.17 (-0.03;0.63)
N=57

Female patients
1.27 (0.93;1.61)
N=67
1.20 (0.96;1.54)
N=67
0.04 (-0.29;0.29)
N=67

Table 23: Serum triglyceride concentration development (start, discharge and reduction) for
short-term patients (<3 months) and long-term patients (>3 months). Given are median
(quartiles: Q1 ; Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Short-term (<3 months)
1.12 (0.85;2.90)
N=14
1.32 (0.90;2.85)
N=15
0.04 (-0.46;0.69)
N=14

Long-term (>3 months)
1.16 (0.89;1.56)
N=110
1.02 (0.70;1.39)
N=110
0.11 (-0.09;0.39)
N=110

Δ Triglycerides (mmol/l)

Δ Triglycerides (mmol/l)

Parameter
Triglycerides at start
(mmol/l)
Triglycerides at discharge
(mmol/l)
Triglycerides reduction
(mmol/l)

Female patients

Male patients

All patients

All patients

Short-term patients Long-term patients

Figure 80: Serum Δ triglyceride concentration (mmol/l) of the female patients, male patients,
all patients, short-term patients (<3 months) and long-term patients (>3 months). Left:
Female, male and all patients. Right: All patients, short- and long-term patients. Represented
are median, quartiles (Q1;Q3), range and outliers. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.
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3.4.1.1.

Statistical influence and correlation between initial levels and
change in serum concentrations of triglycerides

The linear regression analysis (r2=0.471) showed a moderate statistical influence of
the starting triglycerides on the triglyceride reduction. The correlation coefficient
according to Pearson was -0.686. The validity of the test showed a significance

Δ Triglycerides reduction (mmol/l)

level of p<0.01 using a two-tailed test.

Starting triglycerides (mmol/l)

Figure 81: Relationship between starting serum triglyceride concentration (mmol/l) and Δ
serum triglyceride concentration (mmol/l) for the entire patient collective. Represented is the
linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.728, female: r2=0.299) showed a higher statistical influence of the starting
triglycerides on reduction of triglycerides in male patients. The correlation
coefficient after Pearson for male patients was -0.853 and for female patients
-0.547. The validity of the test showed a significance level of p<0.01 for both
groups using a two-tailed test.
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Δ Triglycerides (mmol/l)

Δ Triglycerides (mmol/l)

Starting triglycerides (mmol/l)

Starting triglycerides (mmol/l)

Figure 82: Relationship between starting serum triglyceride concentration (mmol/l) and Δ
serum triglyceride concentration (mmol/l). Left: Male patients. Right: Female patients.
Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany.
2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.454, long-term: r2=0.531) showed a higher statistical influence of the starting
triglycerides on triglyceride reduction in long-term patients. The correlation
coefficient after Pearson for short-term patients was -0.673 and for long-term
patients -0.729. The validity of the test showed a significance level of p<0.01 for

Δ Triglycerides (mmol/l)

Δ Triglycerides (mmol/l)

both groups using a two-tailed test.

Starting triglycerides (mmol/l)

Starting triglycerides (mmol/l)

Figure 83: Relationship between starting serum triglyceride concentration (mmol/l) and Δ
serum triglyceride concentration (mmol/l). Left: Short-term patients (<3 months). Right:
Long-term patients (>3 months). Represented is the linear regression. Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008.
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3.4.1.2.

Statistical influence and correlation between starting visceral
fat and starting triglycerides

The linear regression analysis (r2=0.014) showed no statistical influence of the
starting visceral fat on the starting triglycerides. The correlation coefficient

Starting triglycerides (mmol/l)

according to Pearson was 0.116 (n.s.).

Starting visceral fat (mm)

Figure 84: Relationship between starting visceral fat (mm) and starting serum triglyceride
concentration (mmol/l) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.034, female: r2=0.000) showed a higher statistical influence of the starting
visceral fat on starting triglycerides in male patients. The correlation coefficient
after Pearson for male patients was 0.183 (n.s.) and for female patients 0.029 (n.s.).
The validity test for both groups was two-tailed.
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Figure 85: Relationship between starting visceral fat (mm) and starting serum triglyceride
concentration (mmol/l). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.052, long-term: r2=0.044) showed that there is a similar statistical influence of
the starting visceral fat on starting triglycerides. The correlation coefficient after
Pearson for short-term patients was -0.288 (n.s.) and for long-term patients 0.210

Starting triglycerides (mmol/l)

Starting triglycerides (mmol/l)

(p<0.05). The validity test for both groups was two-tailed.

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 86: Relationship between starting visceral fat (mm) and starting serum triglyceride
concentration (mmol/l). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008.
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3.4.1.3.

Statistical influence and correlation between change in
visceral fat and change in triglycerides

According to the linear regression (r2=0.005), there is no statistical influence of the
reduction of visceral fat on the triglyceride reduction. The correlation coefficient
after Pearson was 0.070. The validity of the test showed no significance level using

Δ Triglycerides (mmol/l)

a two-tailed test.

Δ Visceral fat (mm)

Figure 87: Relationship between Δ visceral fat (mm) and Δ serum triglyceride concentration
(mmol/l) for the entire patient collective. Represented is the linear regression. Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.004, female: r2=0.007) showed a similar statistical influence of the reduction of
visceral fat on triglyceride reduction. The correlation coefficient after Pearson for
male patients was 0.061 (n.s.) and for female patients 0.086 (n.s.). The validity test
for both groups was two-tailed.
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Δ Visceral fat (mm)

Figure 88: Relationship between Δ visceral fat (mm) and Δ serum triglyceride concentration
(mmol/l). Left: Male patients. Right: Female patients. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.004, long-term: r2=0.011) showed a similar statistical influence of the visceral
fat reduction on the triglycerides reduction. The correlation coefficient after Pearson
for short-term patients was 0.065 (n.s.) and for long-term patients 0.106 (n.s.). The

Δ Triglycerides (mmol/l)

Δ Triglycerides (mmol/l)

validity test for both groups was two-tailed.

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 89: Relationship between Δ visceral fat (mm) and Δ serum triglyceride concentration
(mmol/l). Left: Short-term patients (<3 months). Right: Long-term patients (>3 months).
Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany.
2007-2008.
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3.4.2.

Serum concentration of total cholesterol

The median reduction in cholesterol for all patients was 0.47 (0.08;0.82) with a
range of 9.40 mmol/l (p<0.01). There was a significant difference (Wilcoxon/MannWhitney U p<0.01) between the male group with a median reduction of 0.57
(0.25;0.90) and a range of 5.65 mmol/l (p<0.01) to the female group with a median
reduction of 0.34 (-0.26;0.67) and a range of 7.22mmol/l (p<0.05).
Regarding the reduction in short- and long-term patients, there was no significant
difference (Wilcoxon/Mann-Whitney U p>0.05). The short-term patients had a
median reduction of 0.26 (-0.25;0.67) with a range of 5.85mmol/l (n.s.) while the
long-term patients had a median reduction of 0.47 (0.10;0.83) with a range of 5.75
mmol/l (p<0.01).
Table 24: Serum total cholesterol concentration development (start, discharge and reduction)
for all patients, male patients and female patients. Given are median (quartiles: Q1 ; Q3).
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Cholesterol at start
(mmol/l)
Cholesterol at
discharge (mmol/l)
Cholesterol
reduction (mmol/l)

All patients
4.15 (3.58;4.65)
N=124
3.75 (3.13;4.24)
N=125
0.47 (0.08;0.82)
N=124

Male patients
4.16 (3.51;4.64)
N=57
3.44 (3.02;3.98)
N=58
0.57 (0.25;0.90)
N=57

Female patients
4.11 (3.85;4.89)
N=67
4.00 (3.39;4.60)
N=67
0.34 (-0.26;0.67)
N=67

Table 25: Serum total cholesterol concentration development (start, discharge and reduction)
for short-term patients (<3 months) and long-term patients (>3 months). Given are median
(quartiles: Q1 ; Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Cholesterol at start
(mmol/l)
Cholesterol at discharge
(mmol/l)
Cholesterol reduction
(mmol/l)

Short-term (<3 months)
3.99 (3.17;4.47)
N=14
3.75 (3.12;4.93)
N=15
0.26 (-0.25;0.67)
N=14

Long-term (>3 months)
4.17 (3.59;4.79)
N=110
3.72 (3.13;4.23)
N=110
0.47 (0.10;0.83)
N=110
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Figure 90: Δ Serum total cholesterol concentration (mmol/l) of the female patients, male
patients, all patients, short-term patients (<3 months) and long-term patients (>3 months).
Left: Female, male and all patients. Right: All patients, short- and long-term patients.
Represented are median, quartiles (Q1;Q3), range and outliers. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.

3.4.2.1.

Statistical influence and correlation between change in
cholesterol and cholesterol at start

The linear regression analysis (r2=173) showed a slight statistical influence of the
starting cholesterol on the cholesterol reduction during therapy. The correlation
coefficient according to Pearson was -0.416. The validity of the test showed a
significance level of p<0.01 using a two-tailed test.
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Δ Cholesterol (mmol/l)

Starting cholesterol (mmol/l)

Figure 91: Relationship between starting serum total cholesterol concentration (mmol/l) and
Δ serum total cholesterol concentration (mmol/l) for the entire patient collective. Represented
is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.474, female: r2=0.097) showed a stronger statistical influence of the starting
cholesterol on reduction of cholesterol. In male patients the correlation coefficient
after Pearson for male patients was -0.688 (p<0.01) and for female patients -0.311

Δ Cholesterol (mmol/l)

Δ Cholesterol (mmol/l)

(p<0.05). The validity test for both groups was two-tailed.

Starting cholesterol (mmol/l)

Starting cholesterol (mmol/l)

Figure 92: Relationship between starting serum total cholesterol concentration (mmol/l) and
Δ serum total cholesterol concentration (mmol/l). Left: Male patients. Right: Female patients.
Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany.
2007-2008.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.019, long-term: r2=0.243) showed a higher statistical influence of the starting
cholesterol on the cholesterol reduction in long-term patients. The correlation
coefficient after Pearson for short-term patients was -0.138 (n.s.) and for long-term

Δ Cholesterol (mmol/l)

Δ Cholesterol (mmol/l)

patients -0.493 (p<0.01). The validity test for both groups was two-tailed.

Starting cholesterol (mmol/l)

Starting cholesterol (mmol/l)

Figure 93: Relationship between starting serum total cholesterol concentration (mmol/l) and
Δ serum total cholesterol concentration (mmol/l). Left: Short-term patients (<3 months).
Right: Long-term patients (>3 months). Represented is the linear regression. Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008.

3.4.2.2.

Statistical influence and correlation between starting visceral
fat and starting cholesterol

The linear regression analysis (r2=0.000) showed no statistical influence of the
starting visceral fat on the starting cholesterol. The correlation coefficient according
to Pearson was -0.16 (n.s.).

89

Starting cholesterol (mmol/l)

Starting visceral fat (mm)

Figure 94: Relationship between starting visceral fat (mm) and starting serum total
cholesterol concentration (mmol/l) for the entire patient collective. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.000, female: r2=0.000) showed a similar statistical influence of the starting
visceral fat on starting cholesterol. The correlation coefficient after Pearson for male
patients was 0.002 (n.s.) and for female patients 0.013 (n.s.). The validity test for

Starting cholesterol (mmol/l)

Starting cholesterol (mmol/l)

both groups was two-tailed.

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 95: Relationship between starting visceral fat (mm) and starting serum total
cholesterol concentration (mmol/l). Left: Male patients. Right: Female patients. Represented
is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

90

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.067, long-term: r2=0.000) showed a stronger statistical influence of the starting
visceral fat on starting cholesterol in short-term patients. The correlation coefficient
after Pearson for short-term patients was -0.259 (n.s.) and for long-term patients

Starting cholesterol (mmol/l)

Starting cholesterol (mmol/l)

-0.019 (n.s.).

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 96: Relationship between starting visceral fat (mm) and starting serum total
cholesterol concentration (mmol/l). Left: Short-term patients (<3 months). Right: Long-term
patients (>3 months). Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.

3.4.2.3.

Statistical influence and correlation between change in
visceral fat and change in cholesterol

According to the linear regression (r2=0.001), there is no statistical influence of the
reduction of visceral fat on the cholesterol reduction. The correlation coefficient
after Pearson was 0.034 (n.s.).
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Figure 97: Relationship between Δ visceral fat (mm) and Δ serum total cholesterol
concentration (mmol/l) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.000, female: r2=0.006) showed a similar statistical influence of the reduction of
visceral fat on cholesterol reduction. The correlation coefficient after Pearson for

Δ Cholesterol (mmol/l)

Δ Cholesterol (mmol/l)

male patients was -0.007 (n.s.) and for female patients 0.080 (n.s.).

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 98: Relationship between Δ visceral fat (mm) and Δ serum total cholesterol
concentration (mmol/l). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.234, long-term: r2=0.000) showed a higher statistical influence of the visceral
fat reduction on the cholesterol reduction in short-term patients. The correlation
coefficient after Pearson for short-term patients was 0.484 (n.s.) and for long-term

Δ Cholesterol (mmol/l)

Δ Cholesterol (mmol/l)

patients -0.016 (n.s.).

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 99: Relationship between Δ visceral fat (mm) and Δ serum total cholesterol
concentration (mmol/l). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008.

3.4.3.

Serum concentration of HDL-cholesterol

The median reduction in HDL for all patients was 0.05 (-0.13;0.16) with a range of
2.88 mmol/l (n.s.). There was no significant difference (Wilcoxon/Mann-Whitney U
p>0.05) between the male group with a median reduction of 0.06 (-0.09;0.20) and a
range of 2.62 mmol/l (n.s.) to the female group with a median reduction of 0.03
(-0.18;0.15) and a range of 2.46 mmol/l (n.s.).
Regarding the reduction in short- and long-term patients, there was no significant
difference (Wilcoxon/Mann-Whitney U p>0.05). The short-term patients had a
median reduction of 0.06 (-0.15;0.24) with a range of 2.88 mmol/l (n.s.) while the
long-term patients had a median reduction of 0.05 (-0.13;0.16) with a range of 2.40
mmol/l (n.s.).
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Table 26: Serum concentration of HDL-cholesterol development (start, discharge and
reduction) for all patients, male patients and female patients. Given are median (quartiles:
Q1 ; Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. HDL: High
density lipoprotein.

Parameter
HDL at start
(mmol/l)
HDL at discharge
(mmol/l)
HDL reduction
(mmol/l)

All patients
1.14 (0.98;1.40)
N=124
1.11 (0.98;1.32)
N=125
0.05 (-0.13;0.16)
N=124

Male patients
1.06 (0.92;1.38)
N=57
1.06 (0.92;1.22)
N=58
0.06 (-0.09;0.20)
N=57

Female patients
1.14 (1.01;1.42)
N=67
1.14 (1.00;1.53)
N=67
0.03 (-0.18;0.15)
N=67

Table 27: Serum concentration of HDL-cholesterol development (start, discharge and
reduction) for short-term patients (<3 months) and long-term patients (>3 months). Given are
median (quartiles: Q1 ; Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 20072008. HDL: High density lipoprotein.

Parameter
HDL at start (mmol/l)
HDL at discharge (mmol/l)

Long-term (>3 months)
1.14 (0.98;1.40)
N=110
1.11 (0.98;1.32)
N=110
0.05 (-0.13;0.16)
N=110

Δ HDL (mmol/l)

Δ HDL (mmol/l)

HDL reduction (mmol/l)

Short-term (<3 months)
1.13 (0.97;1.46)
N=14
1.14 (1.03;1.29)
N=15
0.06 (-0.15;0.24)
N=14

Female patients

Male patients

All patients

All patients

Short-term patients Long-term patients

Figure 100: Δ Serum concentration of HDL-cholesterol (mmol/l) of the different patient
collectives. Left: Female, male and all patients. Right: All patients, short- and long-term
patients. Represented are median, quartiles (Q1;Q3), range and outliers. Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008. HDL: High density lipoprotein.
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3.4.3.1.

Statistical influence and correlation between starting visceral
fat and starting HDL

The linear regression analysis (r2=0.036) showed a slight statistical influence of the
starting visceral fat on the starting HDL. The correlation coefficient according to

Starting HDL (mmol/l)

Pearson was 0.189 (p<0.05).

Starting visceral fat (mm)

Figure 101: Relationship between starting visceral fat (mm) and starting serum concentration
of HDL-cholesterol (mmol/l) for the entire patient collective. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. HDL: High
density lipoprotein.

When separating male and female patients, the linear regression analysis (male:
r2=0.087, female: r2=0.000) showed a stronger statistical influence of the starting
visceral fat on starting HDL in male patients. The correlation coefficient after
Pearson for male patients was -0.295 (p<0.05) and for female patients -0.031 (n.s.).
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Figure 102: Relationship between starting visceral fat (mm) and starting serum concentration
of HDL-cholesterol (mmol/l). Left: Male patients. Right: Female patients. Represented is the
linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. HDL:
High density lipoprotein.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.036, long-term: r2=0.037) showed a similar statistical influence of the starting
visceral fat on starting HDL. The correlation coefficient after Pearson for short-term
patients was -0.189 (n.s.) and for long-term patients -0.193 (p<0.05). The validity

Starting HDL (mmol/l)

Starting HDL (mmol/l)

test for both groups was two-tailed.

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 103: Relationship between starting visceral fat (mm) and starting serum concentration
of HDL-cholesterol (mmol/l). Left: Short-term patients (<3 months). Right: Long-term
patients (>3 months). Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008. HDL: High density lipoprotein.
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3.4.4.

Serum concentration of LDL-cholesterol

The median reduction in LDL for all patients was 0.42 (0.05;0.65) with a range of
5.88 mmol/l (p<0.01). There was a significant difference (Wilcoxon/Mann-Whitney
U p<0.05) between the male group with a median reduction of 0.51 (0.15;0.79) and
a range of 3.18 mmol/l (p<0.01) to the female group with a median reduction of
0.32 (0.13;0.59) and a range of 5.44 mmol/l (p<0.01).
Regarding the reduction in short- and long-term patients, there was no significant
difference (Wilcoxon/Mann-Whitney U p>0.05). Short-term patients had a median
reduction of 0.17 (-0.53;0.60) with a range of 5.08 mmol/l (n.s.) while the long-term
patients had a median reduction of 0.43 (0.06;0.67) with a range of 3.18 mmol/l
(p<0.01).

Table 28: Serum concentration of LDL-cholesterol development (start, discharge and
reduction) for all patients, male patients and female patients. Given are median (quartiles:
Q1 ; Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. LDL: Low
density lipoprotein.

Parameter
LDL at start
(mmol/l)
LDL at discharge
(mmol/l)
LDL reduction
(mmol/l)

All patients
2.72 (2.10;3.10)
N=124
2.17 (1.81;2.66)
N=125
0.42 (0.05;0.65)
N=124

Male patients
2.72 (2.05;3.01)
N=57
2.07 (1.81;2.44)
N=58
0.51 (0.15;0.79)
N=57

Female patients
2.71 (2.17;3.15)
N=67
2.38 (1.94;2.87)
N=67
0.32 (0.13;0.59)
N=67

Table 29: Serum concentration of LDL-cholesterol development (start, discharge and
reduction) for short-term patients (<3 months) and long-term patients (>3 months). Given are
median (quartiles: Q1 ; Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 20072008. LDL: Low density lipoprotein.

Parameter
LDL at start (mmol/l)
LDL at discharge (mmol/l)
LDL reduction (mmol/l)

Short-term (<3 months)
2.46 (1.31;2.98)
N=14
2.25 (1.49;2.89)
N=15
0.17 (-0.53;0.60)
N=14

Long-term (>3 months)
2.72 (2.13;3.10)
N=110
2.15 (1.81;2.64)
N=110
0.43 (0.06;0.67)
N=110
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Figure 104: Δ Serum concentration of LDL-cholesterol (mmol/l) of the different patient
collectives. Left: Female, male and all patients. Right: All patients, short-term patients (<3
months) and long-term patients (>3 months). Represented are median, quartiles (Q1;Q3),
range and outliers. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. LDL:
Low density lipoprotein.

3.4.4.1.

Statistical influence and correlation between change in LDL
and LDL at start

The linear regression analysis (r2=0.145) showed a slight statistical influence of the
starting LDL on the LDL reduction during therapy. The correlation coefficient
according to Pearson was -0.380. The validity of the test showed a significance
level of p<0.01 using a two-tailed test.
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Figure 105: Relationship between starting serum concentration of LDL-cholesterol (mmol/l)
and Δ serum concentration of LDL-cholesterol (mmol/l) for the entire patient collective.
Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany.
2007-2008. LDL: Low density lipoprotein.

When separating male and female patients, the linear regression analysis (male:
r2=0.506, female: r2=0.043) showed a higher statistical influence of the starting LDL
on reduction of LDL in male patients. The correlation coefficient after Pearson for
male patients was -0.711 (p<0.01) and for female patients -0.206 (n.s.). The validity

Δ LDL (mmol/l)

Δ LDL (mmol/l)

test for both groups was two-tailed.

Starting LDL (mmol/l)

Starting LDL (mmol/l)

Figure 106: Relationship between starting serum concentration of LDL-cholesterol (mmol/l)
and Δ serum concentration of LDL-cholesterol (mmol/l). Left: Male patients. Right: Female
patients. Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008. LDL: Low density lipoprotein.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.010, long-term: r2=0.213) showed a higher statistical influence of the starting
LDL on LDL reduction in long-term patients. The correlation coefficient after
Pearson for short-term patients was -0.100 (n.s.) and for long-term patients -0.461

Δ LDL (mmol/l)

Δ LDL (mmol/l)

(p<0.01). The validity test for both groups was two-tailed.

Starting LDL (mmol/l)

Starting LDL (mmol/l)

Figure 107: Relationship between starting serum concentration of LDL-cholesterol (mmol/l)
and Δ serum concentration of LDL-cholesterol (mmol/l). Left: Short-term patients (<3
months). Right: Long-term patients (>3 months). Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. LDL: Low density
lipoprotein.
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3.4.4.2.

Statistical influence and correlation between starting visceral
fat and starting LDL

The linear regression analysis (r2=0.000) showed no statistical influence of the
starting visceral fat on the starting LDL. The correlation coefficient according to

Starting LDL (mmol/l)

Pearson was -0.010 (n.s.).

Starting visceral fat (mm)

Figure 108: Relationship between starting visceral fat (mm) and starting serum concentration
of LDL-cholesterol (mmol/l) for the entire patient collective. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. LDL: Low
density lipoprotein.

When separating male and female patients, the linear regression analysis (male:
r2=0.000, female: r2=0.000) showed a similar statistical influence of the starting
visceral fat on starting LDL. The correlation coefficient after Pearson for male
patients was 0.014 (n.s.) and for female patients -0.019 (n.s.).
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Figure 109: Relationship between starting visceral fat (mm) and starting serum concentration
of LDL-cholesterol (mmol/l). Left: Male patients. Right: Female patients. Represented is the
linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. LDL:
Low density lipoprotein.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.014, long-term: r2=0.001) showed a similar statistical influence of the starting
visceral fat on starting LDL. The correlation coefficient after Pearson for short-term
patients was -0.119 (n.s.) and for long-term patients -0.036 (n.s.). The validity test
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Starting LDL (mmol/l)

for both groups was two-tailed.

Starting visceral fat (mm)
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Figure 110: Relationship between starting visceral fat (mm) and starting serum concentration
of LDL-cholesterol (mmol/l). Left: Short-term patients (<3 months). Right: Long-term
patients (>3 months). Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008. LDL: Low density lipoprotein.

102

3.4.4.3.

Statistical influence and correlation between change in
visceral fat and change in LDL

According to the linear regression analysis (r2=0.002), there is no statistical
influence of the reduction of visceral fat on the LDL reduction. The correlation

Δ LDL (mmol/l)

coefficient after Pearson was -0.040 (n.s.).

Δ Visceral fat (mm)

Figure 111: Relationship between Δ visceral fat (mm) and Δ serum concentration of LDLcholesterol (mmol/l) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. LDL: Low density
lipoprotein.

When separating male and female patients, the linear regression analysis (male:
r2=0.000, female: r2=0.005) showed a similar statistical influence of the reduction of
visceral fat on LDL reduction. The correlation coefficient after Pearson for male
patients was -0.018 (n.s.) and for female patients -0.069 (n.s.).
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Figure 112: Relationship between Δ visceral fat (mm) and Δ serum concentration of LDLcholesterol (mmol/l). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. LDL: Low
density lipoprotein.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.408, long-term: r2=0.017) showed a higher statistical influence of the visceral
fat reduction on the LDL reduction in short-term patients. The correlation
coefficient after Pearson for short-term patients was 0.638 (p<0.05) and for long-
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Δ LDL (mmol/l)

term patients -0.129 (n.s.). The validity test for both groups was two-tailed.
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Figure 113: Relationship between Δ visceral fat (mm) and Δ serum concentration of LDLcholesterol (mmol/l). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008. LDL: Low density lipoprotein.
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3.5. Parameters of carbohydrate metabolism
3.5.1.

Serum glucose at T=0 minutes

The median reduction in serum glucose at 0 min for all patients was 4 (-1;10) with a
range of 58 mg/dl (p<0.01). There was no significant difference (Wilcoxon/MannWhitney U p>0.05) between the male group with a median reduction of 4 (-2;9) and
a range of 68 mg/dl (p<0.05) to the female group with a median reduction of 5
(-1;10) and a range of 45 mg/dl (p<0.01).
Regarding the reduction in short- and long-term patients, there was no significant
difference (Wilcoxon/Mann-Whitney U p>0.05). Short-term patients had a median
reduction of -1 (-3;7) with a range of 24 mg/dl (n.s.) while long-term patients had a
median reduction of 5 (-1;11) with a range of 58 mg/dl (p<0.01).
Table 30: Serum glucose (0min) development (start, discharge and reduction) for all patients,
male patients and female patients. Given are median (quartiles: Q1 ; Q3). Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Serum glucose at
start (t=0 min)
(mg/dl)
Serum glucose at
discharge (t=0 min)
(mg/dl)
Serum glucose
reduction (t=0 min)
(mg/dl)

All patients
81 (75;86)
N=119

Male patients
81 (75;86)
N=55

Female patients
81 (76;85)
N=64

76 (72;80)
N=120

77 (72;83)
N=55

76 (72;78)
N=65

4 (-1;10)
N=119

4 (-2;9)
N=55

5 (-1;10)
N=64

Table 31: Serum glucose (0min) development (start, discharge and reduction) for short-term
patients (<3 months) and long-term patients (>3 months). Given are median (quartiles: Q1 ;
Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Serum glucose at start (t=0
min) (mg/dl)

Serum glucose at
discharge (t=0 min)
(mg/dl)
Serum glucose reduction
(t=0 min) (mg/dl)

Short-term (<3 months)
78 (71;85)
N=15
79 (72;82)
N=15

Long-term (>3 months)
81 (76;86)
N=104
76 (72;80)
N=105

-1 (-3;7)
N=15

5 (-1;11)
N=104
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Figure 114: Δ Serum glucose (0min) (mg/dl) of the different patient collectives. Left: Female,
male and all patients. Right: All patients, short-term patients (<3 months) and long-term
patients (>3 months). Represented are median, quartiles (Q1;Q3), range and outliers.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

3.5.1.1.

Statistical influence and correlation between change in serum
glucose (t=0min) and serum glucose (t=0min) at start

The linear regression analysis (r2=0.303) showed a moderate statistical influence of
the starting serum glucose on the serum glucose reduction during therapy. The
correlation coefficient according to Pearson was -0.550. The validity of the test
showed a significance level of p<0.01 using a two-tailed test.
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Figure 115: Relationship between starting serum glucose (0min) (mg/dl) and Δ serum glucose
(0min) (mg/dl) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.202, female: r2=0.475) showed a higher statistical influence of the starting
serum glucose on reduction of serum glucose in female patients. The correlation
coefficient after Pearson for male patients was -0.449 and for female patients
-0.689. The validity of the test showed a significance level of p<0.01 for both

Δ Blood glucose (0min) (mg/dl)

Δ Blood glucose (0min) (mg/dl)

groups using a two-tailed test.
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Starting blood glucose (0min) (mg/dl)

Figure 116: Relationship between starting serum glucose (0min) (mg/dl) and Δ serum glucose
(0min) (mg/dl). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.533, long-term: r2=0.279) showed a higher statistical influence of the starting
serum glucose on serum glucose reduction in short-term patients. The correlation
coefficient after Pearson for short-term patients was -0.730 and for long-term
patients -0.528. The validity of the test showed a significance level of p<0.01 for

Δ Blood glucose (0min) (mg/dl)

Δ Blood glucose (0min) (mg/dl)

both groups using a two-tailed test.

Starting blood glucose (0min) (mg/dl)

Starting blood glucose (0min) (mg/dl)

Figure 117: Relationship between starting serum glucose (0min) (mg/dl) and Δ serum glucose
(0min) (mg/dl). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008.

3.5.1.2.

Statistical influence and correlation between starting visceral
fat and starting serum glucose (t=0min)

The linear regression analysis (r2=0.001) showed no statistical influence of the
starting visceral fat on the starting serum glucose. The correlation coefficient
according to Pearson was 0.033 (n.s.).
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Figure 118: Relationship between starting visceral fat (mm) and starting serum glucose
(0min) (mg/dl) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.002, female: r2=0.027) showed a similar statistical influence of the starting
visceral fat on starting serum glucose. The correlation coefficient after Pearson for
male patients was -0.049 (n.s.) and for female patients 0.164 (n.s.). The validity test

Starting blood glucose (0min) (mg/dl)

Starting blood glucose (0min) (mg/dl)

for both groups was two-tailed.

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 119: Relationship between starting visceral fat (mm) and starting serum glucose
(0min) (mg/dl). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.261, long-term: r2=0.008) showed a higher statistical influence of the starting
visceral fat on starting serum glucose in short-term patients. The correlation
coefficient after Pearson for short-term patients was -0.511 (n.s.) and for long-term

Starting blood glucose (0min) (mg/dl)

Starting blood glucose (0min) (mg/dl)

patients 0.092 (n.s.). The validity test for both groups was two-tailed.

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 120: Relationship between starting visceral fat (mm) and starting serum glucose
(0min) (mg/dl). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008.
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3.5.1.3.

Statistical influence and correlation between change in
visceral fat and change in serum glucose (t=0min)

According to the linear regression (r2=0.027), there is no statistical influence of the
reduction of visceral fat on the serum glucose reduction. The correlation coefficient

Δ Blood glucose reduction (0min) (mg/dl)

after Pearson was 0.165 (n.s.).

Δ Visceral fat (mm)

Figure 121: Relationship between Δ visceral fat (mm) and Δ serum glucose (0min) (mg/dl) for
the entire patient collective. Represented is the linear regression. Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.031, female: r2=0.025) showed a similar statistical influence of the reduction of
visceral fat on serum glucose reduction. The correlation coefficient after Pearson for
male patients was 0.176 (n.s.) and for female patients 0.157 (n.s.). The validity test
for both groups was two-tailed.
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Δ Blood glucose (0min) (mg/dl)

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 122: Relationship between Δ visceral fat (mm) and Δ serum glucose (0min) (mg/dl).
Left: Male patients. Right: Female patients. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.084, long-term: r2=0.035) showed a similar statistical influence of the visceral
fat reduction on the serum glucose reduction. The correlation coefficient after
Pearson for short-term patients was -0.291 (n.s.) and for long-term patients 0.188

Δ Blood glucose (0min) (mg/dl)

Δ Blood glucose (0min) (mg/dl)

(n.s.). The validity test for both groups was two-tailed.

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 123: Relationship between Δ visceral fat (mm) and Δ serum glucose (0min) (mg/dl).
Left: Short-term patients (<3 months). Right: Long-term patients (>3 months). Represented
is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

112

3.5.2.

Serum glucose at t=120 minutes

The median reduction in serum glucose at 120 min for all patients was 14 (-1;29)
with a range of 119 mg/dl (p<0.01). There was no significant difference
(Wilcoxon/Mann-Whitney U p>0.05) between the male group with a median
reduction of 13 (-3;28) and a range of 105 mg/dl (p<0.01) to the female group with
a median reduction of 15 (3;35) and a range of 105 mg/dl (p<0.01).
Regarding the reduction in short- and long-term patients, there was no significant
difference (Wilcoxon/Mann-Whitney U p>0.05). Short-term patients had a median
reduction of 2 (-12;18) with a range of 58 mg/dl (n.s.) while long-term patients had
a median reduction of 15 (2;30) with a range of 119 mg/dl (p<0.01).

Table 32: Serum glucose (120min) development (start, discharge and reduction) for all
patients, male patients and female patients. Given are median (quartiles: Q1 ; Q3).
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Serum glucose at
start (120min)
(mg/dl)
Serum glucose at
discharge (120min)
(mg/dl)
Serum glucose
reduction (120min)
(mg/dl)

All patients
96 (89;110)
N=110

Male patients
96 (89;109)
N=50

Female patients
97 (89;112)
N=60

83 (72;99)
N=115

88 (74;99)
N=54

81 (70;100)
N=61

14 (-1;29)
N=106

13 (-3;28)
N=49

15 (3;35)
N=57

Table 33: Serum glucose (120min) development (start, discharge and reduction) for shortterm patients (<3 months) and long-term patients (>3 months). Given are median (quartiles:
Q1 ; Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Serum glucose at start
(120min) (mg/dl)

Short-term (<3 months)
96 (85;109)
N=14
92 (87;103)
N=13

Long-term (>3 months)
97 (89;111)
N=96
81 (71;98)
N=102

Serum glucose reduction
(120min) (mg/dl)

2 (-12;18)
N=12

15 (2;30)
N=94

Serum glucose at
discharge (120min)
(mg/dl)
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Δ Blood glucose (120min) (mg/dl)

Δ Blood glucose (120min) (mg/dl)

Female patients

Male patients

All patients

All patients

Short-term patients Long-term patients

Figure 124: Δ Serum glucose (120min) (mg/dl) of the different patient collectives. Left:
Female, male and all patients. Right: All patients, short-term patients (<3 months) and longterm patients (>3 months). Represented are median, quartiles (Q1;Q3), range and outliers.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

3.5.2.1.

Statistical influence and correlation between change in serum
glucose (t=120) and serum glucose (t=120) at start

The linear regression analysis (r2=0.346) showed a moderate statistical influence of
the starting serum glucose on the serum glucose reduction during therapy. The
correlation coefficient according to Pearson was -0.589. The validity of the test
showed a significance level of p<0.01 using a two-tailed test.

114

Δ Blood glucose reduction (120min) (mg/dl)

Starting blood glucose (120min) (mg/dl)

Figure 125: Relationship between starting serum glucose (120min) (mg/dl) and Δ serum
glucose (120min) (mg/dl) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.398, female: r2=0.305) showed a higher statistical influence of the starting
serum glucose on the reduction of serum glucose in male patients. The correlation
coefficient after Pearson for male patients was -0.631 and for female patients
-0.553. The validity of the test showed a significance level of p<0.01 for both

Δ Blood glucose (120min) (mg/dl)

Δ Blood glucose (120min) (mg/dl)

groups using a two-tailed test.

Starting blood glucose (120min) (mg/dl)

Starting blood glucose (120min) (mg/dl)

Figure 126: Relationship between starting serum glucose (120min) (mg/dl) and Δ serum
glucose (120min) (mg/dl). Left: Male patients. Right: Female patients. Represented is the
linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.426, long-term: r2=0.346) showed a higher statistical influence of the starting
serum glucose on the serum glucose reduction in short-term patients. The
correlation coefficient after Pearson for short-term patients was -0.653 (p<0.05) and
for long-term patients -0.588 (p<0.01). The validity test for both groups was two-

Δ Blood glucose (120min) (mg/dl)

Δ Blood glucose (120min) (mg/dl)

tailed.

Starting blood glucose (120min) (mg/dl)

Starting blood glucose (120min) (mg/dl)

Figure 127: Relationship between starting serum glucose (120min) (mg/dl) and Δ serum
glucose (120min) (mg/dl). Left: Short-term patients (<3 months). Right: Long-term patients
(>3 months). Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.
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3.5.2.2.

Statistical influence and correlation between starting visceral
fat and starting serum glucose (t=120 min)

The linear regression analysis (r2=0.013) showed no statistical influence of the
starting visceral fat on the starting serum glucose. The correlation coefficient

Starting blood glucose (120min) (mg/dl)

according to Pearson was -0.116 (n.s.).

Starting visceral fat (mm)

Figure 128: Relationship between starting visceral fat (mm) and starting serum glucose
(120min) reduction (mg/dl) for the entire patient collective. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.015, female: r2=0.011) showed a similar statistical influence of the starting
visceral fat on starting serum glucose. The correlation coefficient after Pearson for
male patients was -0.121 (n.s.) and for female patients 0.107 (n.s.).
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Figure 129: Relationship between starting visceral fat (mm) and starting serum glucose
(120min) reduction (mg/dl). Left: Male patients. Right: Female patients. Represented is the
linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.141, long-term: r2=0.009) showed a higher statistical influence of the starting
visceral fat on starting serum glucose in short-term patients. The correlation
coefficient after Pearson for short-term patients was -0.375 (n.s.) and for long-term

Starting blood glucose (120min) (mg/dl)

Starting blood glucose (120min) (mg/dl)

patients -0.096 (n.s.).

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 130: Relationship between starting visceral fat (mm) and starting serum glucose
(120min) reduction (mg/dl). Left: Short-term patients (<3 months). Right: Long-term patients
(>3 months). Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.
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3.5.2.3.

Statistical influence and correlation between change in
visceral fat and change in serum glucose

According to the linear regression (r2=0.000), there is no statistical influence of the
reduction of visceral fat on the serum glucose reduction. The correlation coefficient

Δ Blood glucose (120min) (mg/dl)

after Pearson was -0.009 (n.s.).

Δ Visceral fat (mm)

Figure 131: Relationship between Δ visceral fat (mm) and Δ serum glucose (120min) (mg/dl)
for the entire patient collective. Represented is the linear regression. Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.000, female: r2=0.000) showed a similar statistical influence of the reduction of
visceral fat on serum glucose reduction. The correlation coefficient after Pearson for
male patients was -0.031 (n.s.) and for female patients 0.025 (n.s.).
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Figure 132: Relationship between Δ visceral fat (mm) and Δ serum glucose (120min) (mg/dl).
Left: Male patients. Right: Female patients. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

In regard to short- versus long-term patients the linear regression analysis (shortterm: r2=0.015, long-term: r2=0.003) showed a similar statistical influence of the
visceral fat reduction on the serum glucose reduction. The correlation coefficient
after Pearson for short-term patients was 0.122 (n.s.) and for long-term patients

Δ Blood glucose (120min) (mg/dl)

Δ Blood glucose (120min) (mg/dl)

-0.059 (n.s.).

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 133: Relationship between Δ visceral fat (mm) and Δ serum glucose (120min) (mg/dl).
Left: Short-term patients (<3 months). Right: Long-term patients (>3 months). Represented
is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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3.6. Hormones
3.6.1.

Serum concentration of fasting insulin

The median reduction in insulin for all patients was 8.6 (2.0;18.3) with a range of
110.1 µU/ml (p<0.01). There was no significant difference (Wilcoxon/MannWhitney U p>0.05) between the male group with a median reduction of 9.0
(2.9;20.6) and a range of 104.1 µU/ml (p<0.01) to the female group with a median
reduction of 8.1 (1.1;15.0) and a range of 71.8 µU/ml (p<0.01).
Regarding the reduction in short- versus long-term patients, there was a significant
difference (Wilcoxon/Mann-Whitney U p<0.01). Short-term patients had a median
reduction of -2.2 (-4.7;11.2) with a range of 36.8 µU/ml (n.s.) while long-term
patients had a median reduction of 9.4 (3.5;18.4) with a range of 110.1 µU/ml
(p<0.01).
Table 34: Serum insulin concentration development (start, discharge and reduction) for all
patients, male patients and female patients. Given are median (quartiles: Q1 ; Q3).
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Insulin at start
(µU/ml)
Insulin at discharge
(µU/ml)
Insulin reduction
(µU/ml)

All patients
22.5 (16.2;31.5)
N=124
13.0 (10.4;17.3)
N=122
8.6 (2.0;18.3)
N=121

Male patients
22.2 (15.9;31.1)
N=57
11.3 (8.5;15.5)
N=57
9.0 (2.9;20.6)
N=56

Female patients
23.0 (17.0;32.8)
N=67
13.7 (11.9;20.3)
N=65
8.1 (1.1;15.0)
N=65

Table 35: Serum insulin concentration development (start, discharge and reduction) for
short-term patients (<3 months) and long-term patients (>3 months). Given are median
(quartiles: Q1 ; Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Insulin at start (µU/ml)
Insulin at discharge
(µU/ml)
Insulin reduction (µU/ml)

Short-term (<3 months)
14.7 (10.8;23.0)
N=15
13.4 (11.2;17.7)
N=15
-2.2 (-4.7;11.2)
N=15

Long-term (>3 months)
23.1 (17.3;32.9)
N=109
12.9 (10.4;17.2)
N=107
9.4 (3.5;18.4)
N=106
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Figure 134: Δ Serum insulin concentration (µU/ml) of the different patient collectives. Left:
Female, male and all patients. Right: All patients, short-term patients (<3 months) and longterm patients (>3 months). Represented are median, quartiles (Q1;Q3), range and outliers.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

3.6.1.1.

Statistical influence and correlation between change in
insulin and insulin at start

The linear regression analysis (r2=0.777) showed a high statistical influence of the
starting insulin on the insulin reduction during therapy. The correlation coefficient
according to Pearson was -0.882. The validity of the test showed a significance
level of p<0.01 using a two-tailed test.
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Δ Insulin (µU/ml)

Starting insulin (µU/ml)

Figure 135: Relationship between starting serum insulin concentration (µU/ml) and Δ serum
insulin concentration (µU/ml) for the entire patient collective. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.844, female: r2=0.742) showed a higher statistical influence of the starting
insulin on reduction of insulin in male patients. The correlation coefficient after
Pearson for male patients was -0.919 and for female patients -0.862. The validity of
the test showed a significance level of p<0.01 for both groups using a two-tailed

Δ Insulin (µU/ml)

Δ Insulin (µU/ml)

test.

Starting insulin (µU/ml)

Starting insulin (µU/ml)

Figure 136: Relationship between starting serum insulin concentration (µU/ml) and Δ serum
insulin concentration (µU/ml). Left: Male patients. Right: Female patients. Represented is the
linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.497, long-term: r2=0.783) showed a higher statistical influence of the starting
insulin on insulin reduction in long-term patients. The correlation coefficient after
Pearson for short-term patients was -0.705 and for long-term patients -0.885. The
validity of the test showed a significance level of p<0.01 for both groups using a

Δ Insulin (µU/ml)

Δ Insulin (µU/ml)

two-tailed test.

Starting insulin (µU/ml)

Starting insulin (µU/ml)

Figure 137: Relationship between starting serum insulin concentration (µU/ml) and Δ serum
insulin concentration (µU/ml). Left: Short-term patients (<3 months). Right: Long-term
patients (>3 months). Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.

3.6.1.2.

Statistical influence and correlation between starting visceral
fat and starting insulin

The linear regression analysis (r2=0.189) showed a slight statistical influence of the
starting visceral fat on the starting insulin. The correlation coefficient according to
Pearson was 0.434. The validity of the test showed a significance level of p<0.01
using a two-tailed test.
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Starting insulin (µU/ml)

Starting visceral fat (mm)

Figure 138: Relationship between starting visceral fat (mm) and starting serum insulin
concentration (µU/ml) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.314, female: r2=0.106) showed a higher statistical influence of the starting
visceral fat on starting insulin in male patients. The correlation coefficient after
Pearson for male patients was 0.506 and for female patients 0.326. The validity of
the test showed a significance level of p<0.01 for both groups using a two-tailed

Starting insulin (µU/ml)

Starting Insulin (µU/ml)

test.

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 139: Relationship between starting visceral fat (mm) and starting serum insulin
concentration (µU/ml). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.088, long-term: r2=0.181) showed a higher statistical influence of the starting
visceral fat on starting insulin in long-term patients. The correlation coefficient after
Pearson for short-term patients was 0.297 (n.s.) and for long-term patients 0.425

Starting insulin (µU/ml)

Starting insulin (µU/ml)

(p<0.01). The validity test for both groups was two-tailed.

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 140: Relationship between starting visceral fat (mm) and starting serum insulin
concentration (µU/ml). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008.

3.6.1.3.

Statistical influence and correlation between change in
visceral fat and change in insulin

According to the linear regression (r2=0.068), there is no statistical influence of the
reduction of visceral fat on the insulin reduction. The correlation coefficient after
Pearson was 0.260. The validity of the test showed a significance level of p<0.01
using a two-tailed test.
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Figure 141: Relationship between Δ visceral fat (mm) and Δ serum insulin concentration
(µU/ml) for the entire patient collective. Represented is the linear regression. Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.136, female: r2=0.009) showed a higher statistical influence of the reduction of
visceral fat on insulin reduction in male patients. The correlation coefficient after
Pearson for male patients was 0.369 (p<0.01) and for female patients 0.093 (n.s.).

Δ Insulin (µU/ml)

Δ Insulin (µU/ml)

The validity test for both groups was two-tailed.

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 142: Relationship between Δ visceral fat (mm) and Δ serum insulin concentration
(µU/ml). Left: Male patients. Right: Female patients. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.241, long-term: r2=0.042) showed a higher statistical influence of the visceral
fat reduction on the insulin reduction in short-term patients. The correlation
coefficient after Pearson for short-term patients was 0.491 (n.s.) and for long-term

Δ Insulin (µU/ml)

Δ Insulin (µU/ml)

patients 0.205 (p<0.05). The validity test for both groups was two-tailed.

Δ Visceral fat (mm)
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Figure 143: Relationship between Δ visceral fat (mm) and Δ serum insulin concentration
(µU/ml). Left: Short-term patients (<3 months). Right: Long-term patients (>3 months).
Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany.
2007-2008.

3.6.2.

Serum concentration of Adiponectin

The median reduction in adiponectin for all patients was -1.33 (-2.45;-0.19) with a
range of 10.39 µg/ml(p<0.01). There was no significant difference
(Wilcoxon/Mann-Whitney U p>0.05) between the male group with a median
reduction of -1.38 (-2.54;-0.20) and a range of 8.39 µg/ml (p<0.01) to the female
group with a median reduction of -1.23 (-2.37;0.00) and a range of 10.39 µg/ml
(p<0.01).
Regarding the reduction in short- and long-term patients, there was no significant
difference (Wilcoxon/Mann-Whitney U p>0.05). Short-term patients had a median
reduction of -1.25 (-2.43;0.52) with a range of 9.50 µg/ml (n.s.) while the long-term
patients had a median reduction of -1.34 (-2.56;-0.23) with a range of 10.28 µg/ml
(p<0.01).
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Table 36: Serum adiponectin concentration development (start, discharge and reduction) for
all patients, male patients and female patients. Given are median (quartiles: Q1 ; Q3).
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Adiponectin at start
(µg/ml)
Adiponectin at
discharge (µg/ml)
Adiponectin
reduction (µg/ml)

All patients

Male patients

Female patients

6.10 (4.82;7.64)
N=124
7.19 (5.87;9.42)
N=123
-1.33 (-2.45;-0.19)
N=122

6.08 (4.50;7.55)
N=57
6.94 (5.94;9.40)
N=57
-1.38 (-2.54;-0.20)
N=56

6.11 (4.93;7.81)
N=67
7.27 (5.86;9.43)
N=66
-1.23 (-2.37;0.00)
N=66

Table 37: Serum adiponectin development (start, discharge and reduction) for short-term
patients (<3 months) and long-term patients (>3 months). Given are median (quartiles: Q1 ;
Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Long-term (>3 months)
6.02 (4.79;7.64)
N=109
7.20 (5.95;9.56)
N=108
-1.34 (-2.56;-0.23)

N=107

Δ Adiponectine (µg/ml)

Δ Adiponectine (µg/ml)

Parameter
Short-term (<3 months)
Adiponectin at start (µg/ml) 6.30 (5.79;7.81)
N=15
Adiponectin at discharge
7.15 (5.82;8.83)
(µg/ml)
N=15
Adiponectin reduction
-1.25 (-2.43;0.52)
(µg/ml)
N=15

Female patients

Male patients

All patients

All patients

Short-term patients Long-term patients

Figure 144: Δ Serum adiponectin concentration (µg/ml) of the different patient collectives.
Left: Female, male and all patients. Right: All patients, short-term patients (<3 months) and
long-term patients (>3 months). Represented are median, quartiles (Q1;Q3), range and
outliers. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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3.6.2.1.

Statistical influence and correlation between change in
adiponectin and adiponectin at start

The linear regression analysis (r2=0.262) showed that there is a slight statistical
influence of the starting adiponectin on the adiponectin reduction during therapy.
The correlation coefficient according to Pearson was -0.512. The validity of the test

Δ Adiponectine (µg/ml)

showed a significance level of p<0.01 using a two-tailed test.

Starting adiponectine (µg/ml)

Figure 145: Relationship between starting serum adiponectin concentration(µg/ml) and Δ
serum adiponectin concentration (µg/ml) for the entire patient collective. Represented is the
linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.196, female: r2=320) showed a higher statistical influence of the starting
adiponectin on reduction of adiponectin in female patients. The correlation
coefficient after Pearson for male patients was -0.442 and for female patients
-0.566. The validity of the test showed a significance level of p<0.01 for both
groups using a two-tailed test.
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Figure 146: Relationship between starting serum adiponectin concentration (µg/ml) and Δ
serum adiponectin concentration (µg/ml). Left: Male patients. Right: Female patients.
Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany.
2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.574, long-term: r2=0.234) showed a higher statistical influence of the starting
adiponectin on adiponectin reduction in short-term patients. The correlation
coefficient after Pearson for short-term patients was 0.758 and for long-term
patients 0.484. The validity of the test showed a significance level of p<0.01 for

Δ Adiponectine (µg/ml)

Δ Adiponectine (µg/ml)

both groups using a two-tailed test.

Starting adiponectine (µg/ml)

Starting adiponectine (µg/ml)

Figure 147: Relationship between starting serum adiponectin concentration (µg/ml) and Δ
serum adiponectin concentration (µg/ml). Left: Short-term patients (<3 months). Right:
Long-term patients (>3 months). Represented is the linear regression. Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008.
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3.6.2.2.

Statistical influence and correlation between starting visceral
fat and starting adiponectin

The linear regression analysis (r2=0.030) showed that there is no statistical influence
of the starting visceral fat on the starting adiponectin. The correlation coefficient

Starting adiponectine (µg/ml)

according to Pearson was -0.173 (n.s.).

Starting visceral fat (mm)

Figure 148: Relationship between starting visceral fat (mm) and starting serum adiponectin
concentration (µg/ml) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.068, female: r2=0.004) showed a higher statistical influence of the starting
visceral fat on starting adiponectin in male patients. The correlation coefficient after
Pearson for male patients was -0.261 (n.s.) and for female patients -0.061 (n.s.). The
validity test for both groups was two-tailed.
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Starting visceral fat (mm)
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Figure 149: Relationship between starting visceral fat (mm) and starting serum adiponectin
concentration (µg/ml). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.200, long-term: r2=0.023) showed a similar statistical influence of the starting
visceral fat on starting adiponectin in short-term patients. The correlation coefficient
after Pearson for short-term patients was -0.447 (n.s.) and for long-term patients

Starting adiponectin (µg/ml)

Starting adiponectin (µg/ml)

-0.152 (n.s.).

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 150: Relationship between starting visceral fat (mm) and starting serum adiponectin
concentration (µg/ml). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008.
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3.6.2.3.

Statistical influence and correlation between change in
visceral fat and change in adiponectin

According to the linear regression (r2=0.013), there is no statistical influence of the
reduction of visceral fat on the adiponectin reduction. The correlation coefficient

Δ Adiponectine (µg/ml)

after Pearson was -0.116 (n.s.).

Δ Visceral fat (mm)

Figure 151: Relationship between Δ visceral fat (mm) and Δ serum adiponectin concentration
(µg/ml) for the entire patient collective. Represented is the linear regression. Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.040, female: r2=0.000) showed a higher statistical influence of the reduction of
visceral fat on adiponectin reduction in male patients. The correlation coefficient
after Pearson for male patients was -0.199 (n.s.) and for female patients -0.030
(n.s.).
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Figure 152: Relationship between Δ visceral fat (mm) and Δ serum adiponectin concentration
(µg/ml). Left: Male patients. Right: Female patients. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.045, long-term: r2=0.008) showed a higher statistical influence of the visceral
fat reduction on the adiponectin reduction in short-term patients. The correlation
coefficient after Pearson for short-term patients was -0.212 (n.s.) and for long-term

Δ Adiponectin (µg/ml)

Δ Adiponectin (µg/ml)

patients -0.092 (n.s.).

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 153: Relationship between Δ visceral fat (mm) and Δ serum adiponectin concentration
(µg/ml). Left: Short-term patients (<3 months). Right: Long-term patients (>3 months).
Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany.
2007-2008.
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3.7. Inflammatory factors
3.7.1.

Serum Interleukin 6 (IL6) concentration

The median reduction in IL6 for all patients was 0.50 (-0.19;1.88) with a range of
39.88 pg/ml (p<0.01). There was no significant difference (Wilcoxon/MannWhitney U p>0.05) between the male group with a median reduction of 0.54
(-0.34;1.66) and a range of 22.10 pg/ml (p<0.05) to the female group with a median
reduction of 0.44 (-0.03;2.07) and a range of 36.09 pg/ml (p<0.01).
Regarding the reduction in short- and long-term patients, there was no significant
difference (Wilcoxon/Mann-Whitney U p>0.05). Short-term patients had a median
reduction of 0.93 (0.28;2.19) with a range of 13.19 pg/ml (p<0.05) while the longterm patients had a median reduction of 0.38 (-0.28;1.88) with a range of 39.88
pg/ml (p<0.01).

Table 38: Serum interleukin 6 concentration development (start, discharge and reduction) for
all patients, male patients and female patients. Given are median (quartiles: Q1 ; Q3).
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. IL6: Interleukin 6.

Parameter
IL6 at start (pg/ml)
IL6 at discharge
(pg/ml)
IL6 reduction
(pg/ml)

All patients
2.89 (1.74;4.58)
N=124
1.97 (1.32;3.42)
N=123
0.50 (-0.19;1.88)
N=122

Male patients
2.39 (1.68;4.02)
N=57
1.87 (1.28;3.50)
N=57
0.54 (-0.34;1.66)
N=56

Female patients
3.23 (1.94;4.68)
N=67
2.29 (1.44;3.43)
N=66
0.44 (-0.03;2.07)
N=66

Table 39: Serum interleukin 6 concentration development (start, discharge and reduction) for
short-term patients (<3 months) and long-term patients (>3 months). Given are median
(quartiles: Q1 ; Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. IL6:
Interleukin 6.

Parameter
IL6 at start (pg/ml)
IL6 at discharge (pg/ml)
IL6 reduction (pg/ml)

Short-term (<3 months)
2.79 (1.82;4.74)
N=15
1.56 (1.19;3.60)
N=15
0.93 (0.28;2.19)
N=15

Long-term (>3 months)
2.91 (1.71;4.58)
N=109
2.11 (1.38;3.41)
N=108
0.38 (-0.28;1.88)
N=107
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Female patients
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All patients
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Short-term patients Long-term patients

Figure 154: Δ Serum interleukin 6 concentration (pg/ml) of the different patient collectives.
Left: Female, male and all patients. Right: All patients, short-term patients (<3 months) and
long-term patients (>3 months). Represented are median, quartiles (Q1;Q3), range and
outliers. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
IL6: Interleukin 6.

3.7.1.1.

Statistical influence and correlation between change in IL6
and IL6 at start

The linear regression analysis (r2=0.719) showed a high statistical influence of the
starting IL6 on the IL6 reduction during therapy. The correlation coefficient
according to Pearson was -0.848. The validity of the test showed a significance
level of p<0.01 using a two-tailed test.
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Figure 155: Relationship between starting serum interleukin 6 concentration (pg/ml) and Δ
serum interleukin 6 concentration (pg/ml) for the entire patient collective. Represented is the
linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. IL6:
Interleukin 6.

When separating male and female patients, the linear regression analysis (male:
r2=0.369, female: r2=0.867) showed a higher statistical influence of the starting IL6
on reduction of IL6 in female patients. The correlation coefficient after Pearson for
male patients was -0.608 and for female patients -0.931. The validity of the test

Δ IL6 (pg/ml)

Δ IL6 (pg/ml)

showed a significance level of p<0.01 for both groups using a two-tailed test.

Starting IL6 (pg/ml)

Starting IL6 (pg/ml)

Figure 156: Relationship between starting serum interleukin 6 concentration (pg/ml) and Δ
serum interleukin 6 concentration (pg/ml). Left: Male patients. Right: Female patients.
Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany.
2007-2008. IL6: Interleukin 6.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.699, long-term: r2=0.723) showed a similar statistical influence of the starting
IL6 on the IL6 reduction. The correlation coefficient after Pearson for short-term
patients was -0.836 and for long-term patients -0.850. The validity of the test

Δ IL6 (pg/ml)

Δ IL6 (pg/ml)

showed a significance level of p<0.01 for both groups using a two-tailed test.

Starting IL6 (pg/ml)

Starting IL6 (pg/ml)

Figure 157: Relationship between starting serum interleukin 6 concentration (pg/ml) and Δ
serum interleukin 6 concentration (pg/ml). Left: Short-term patients (<3 months). Right:
Long-term patients (>3 months). Represented is the linear regression. Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008. IL6: Interleukin 6.

3.7.1.2.

Statistical influence and correlation between starting visceral
fat and starting IL6

The linear regression analysis (r2=0.168) showed a slight statistical influence of the
starting visceral fat on the starting IL6. The correlation coefficient according to
Pearson was 0.410. The validity of the test showed a significance level of p<0.01
using a two-tailed test.
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Figure 158: Relationship between starting visceral fat (mm) and starting serum interleukin 6
concentration (pg/ml) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. IL6: Interleukin 6.

When separating male and female patients, the linear regression analysis (male:
r2=0.544, female: r2=0.077) showed a higher statistical influence of the starting
visceral fat on starting IL6 in male patients. The correlation coefficient after
Pearson for male patients was 0.738 (p<0.01) and for female patients 0.277

Starting IL6 (pg/ml)

Starting IL6 (pg/ml)

(p<0.05). The validity test for both groups was two-tailed.

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 159: Relationship between starting visceral fat (mm) and starting serum interleukin 6
concentration (pg/ml). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. IL6:
Interleukin 6.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.026, long-term: r2=0.194) showed a higher statistical influence of the starting
visceral fat on starting IL6 in long-term patients. The correlation coefficient after
Pearson for short-term patients was 0.161 (n.s.) and for long-term patients 0.440

Starting IL6 (pg/ml)

Starting IL6 (pg/ml)

(p<0.01).

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 160: Relationship between starting visceral fat (mm) and starting serum interleukin 6
concentration (pg/ml). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008. IL6: Interleukin 6.

3.7.1.3.

Statistical influence and correlation between change in
visceral fat and change in IL6

According to the linear regression (r2=0.058), there is a slight statistical influence of
the reduction of visceral fat on the IL6 reduction. The correlation coefficient after
Pearson was 0.241. The validity of the test showed a significance level of p<0.05
using a two-tailed test.
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Figure 161: Relationship between Δ visceral fat (mm) and Δ serum interleukin 6
concentration (pg/ml) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. IL6: Interleukin 6.

When separating male and female patients, the linear regression analysis (male:
r2=0.033, female: r2=0.139) showed a higher statistical influence of the reduction of
visceral fat on IL6 reduction in female patients. The correlation coefficient after
Pearson for male patients was 0.372 (p<0.01) and for female patients 0.182 (n.s.).

Δ IL6 (pg/ml)

Δ IL6 (pg/ml)

The validity test for both groups was two-tailed.

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 162: Relationship between Δ visceral fat (mm) and Δ serum interleukin 6
concentration (pg/ml). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. IL6:
Interleukin 6.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.038, long-term: r2=0.069) showed a similar statistical influence of the visceral
fat reduction on the IL6 reduction. The correlation coefficient after Pearson for

Δ IL6 (pg/ml)

Δ IL6 (pg/ml)

short-term patients was 0.194 (n.s.) and for long-term patients 0.263 (p<0.01).

Δ Visceral fat (mm)
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Figure 163: Relationship between Δ visceral fat (mm) and Δ serum interleukin 6
concentration (pg/ml). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008. IL6: Interleukin 6.

3.7.2.

Serum C-reactive protein concentration (CRP)

The median reduction in CRP for all patients was 1.59 (0.28;3.77) with a range of
55.15 mg/l (p<0.01). There was no significant difference (Wilcoxon/Mann-Whitney
U p>0.05) between the male group with a median reduction of 1.53 (0.54;2.54) and
a range of 33.19 mg/l (p<0.01) to the female group with a median reduction of 1.71
(0.10;4.42) and a range of 48.77 mg/l (p<0.01).
Regarding the reduction in short- and long-term patients, there was no significant
difference (Wilcoxon/Mann-Whitney U p>0.05). Short-term patients had a median
reduction of 1.76 (0.72;2.01) with a range of 12.26 mg/l (p<0.01) while the longterm patients had a median reduction of 1.59 (0.26;4.00) with a range of 55.15 mg/l
(p<0.01).
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Table 40: Serum CRP concentration development (start, discharge and reduction) for all
patients, male patients and female patients. Given are median (quartiles: Q1 ; Q3).
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. CRP: C-reactive protein.

Parameter
CRP at start (mg/l)

All patients
3.14 (1.39;7.45)
N=124
1.50 (0.61;4.29)
N=123
1.59 (0.28;3.77)
N=122

CRP at discharge
(mg/l)
CRP reduction
(mg/l)

Male patients

Female patients

2.54 (1.22;6.82)
N=57
1.22 (0.42;4.39)
N=57
1.53 (0.54;2.54)
N=56

3.61 (1.75;8.08)
N=67
2.07 (0.72;3.93)
N=66
1.71 (0.10;4.42)
N=66

Table 41: Serum CRP concentration development (start, discharge and reduction) for shortterm patients (<3 months) and long-term patients (>3 months). Given are median (quartiles:
Q1 ; Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. CRP: Creactive protein.

Parameter
CRP at start (mg/l)
CRP at discharge (mg/l)

Long-term (>3 months)
3.29 (1.42;8.10)
N=109
1.52 (0.68;4.32)
N=108
1.59 (0.26;4.00)
N=107

Δ CRP (mg/l)

Δ CRP (mg/l)

CRP reduction (mg/l)

Short-term (<3 months)
2.59 (1.35;4.46)
N=15
0.93 (0.34;2.61)
N=15
1.76 (0.72;2.01)
N=15

Female patients

Male patients

All patients

All patients

Short-term patients Long-term patients

Figure 164: Δ Serum CRP concentration (mg/l) of the different patient collectives. Left:
Female, male and all patients. Right: All patients, short-term patients (<3 months) and longterm patients (>3 months). Represented are median, quartiles (Q1;Q3), range and outliers.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. CRP: C-reactive protein.
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3.7.2.1.

Statistical influence and correlation between change in CRP
and CRP at start

The linear regression analysis (r2=0.630) showed a high statistical influence of the
starting CRP on the CRP reduction during therapy. The correlation coefficient
according to Pearson was -0.794. The validity of the test showed a significance

Δ CRP (mg/l)

level of p<0.01 using a two-tailed test.

Starting CRP (mg/l)

Figure 165: Relationship between starting serum CRP concentration (mg/l) and Δ serum CRP
concentration (mg/l) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. CRP: C-reactive protein.

When separating male and female patients, the linear regression analysis (male:
r2=.0297, female: r2=0.803) showed a higher statistical influence of the starting CRP
on reduction of CRP in female patients. The correlation coefficient after Pearson for
male patients was -0.545 and for female patients -0.896. The validity of the test
showed a significance level of p<0.01 for both groups using a two-tailed test.
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Figure 166: Relationship between starting serum CRP concentration (mg/l) and Δ serum CRP
concentration (mg/l). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. CRP: Creactive protein.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.892, long-term: r2=0.628) showed a higher statistical influence of the starting
CRP on CRP reduction in short-term patients. The correlation coefficient after
Pearson for short-term patients was -0.944 and for long-term patients -0.793. The
validity of the test showed a significance level of p<0.01 for both groups using a

Δ CRP (mg/l)

Δ CRP (mg/l)

two-tailed test.

Starting CRP (mg/l)

Starting CRP (mg/l)

Figure 167: Relationship between starting serum CRP concentration (mg/l) and Δ serum CRP
concentration (mg/l). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008. CRP: C-reactive protein.
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3.7.2.2.

Statistical influence and correlation between starting visceral
fat and starting CRP

The linear regression analysis (r2=0.238) showed a slight statistical influence of the
starting visceral fat on the starting CRP. The correlation coefficient according to
Pearson was 0.488. The validity of the test showed a significance level of p<0.01

Starting CRP (mg/l)

using a two-tailed test.

Starting visceral fat (mm)

Figure 168: Relationship between starting visceral fat (mm) and starting serum CRP
concentration (mg/l) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. CRP: C-reactive protein.

When separating male and female patients, the linear regression analysis (male:
r2=0.539, female: r2=0.149) showed a higher statistical influence of the starting
visceral fat on starting CRP in male patients. The correlation coefficient after
Pearson for male patients was 0.734 and for female patients 0.387. The validity of
the test showed a significance level of p<0.01 for both groups using a two-tailed
test.
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Figure 169: Relationship between starting visceral fat (mm) and starting serum CRP
concentration (mg/l). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. CRP:
C-reactive protein.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.003, long-term: r2=0.272) showed a higher statistical influence of the starting
visceral fat on starting CRP in long-term patients. The correlation coefficient after
Pearson for short-term patients was 0.058 (n.s.) and for long-term patients 0.521

Starting CRP (mg/l)

Starting CRP (mg/l)

(p<0.01).

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 170: Relationship between starting visceral fat (mm) and starting serum CRP
concentration (mg/l). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008. CRP: C-reactive protein.
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3.7.2.3.

Statistical influence and correlation between change in
visceral fat and change in CRP

According to the linear regression (r2=0.158), there is a slight statistical influence of
the reduction of visceral fat on the CRP reduction. The correlation coefficient after
Pearson was 0.398. The validity of the test showed a significance level of p<0.01

Δ CRP (mg/l)

using a two-tailed test.

Δ Visceral fat (mm)

Figure 171: Relationship between Δ visceral fat (mm) and Δ serum CRP concentration (mg/l)
for the entire patient collective. Represented is the linear regression. Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008. CRP: C-reactive protein.

When separating male and female patients, the linear regression analysis (male:
r2=0.251, female: r2=0.144) showed a higher statistical influence of the reduction of
visceral fat on CRP reduction in male patients. The correlation coefficient after
Pearson for male patients was 0.501 and for female patients 0.380. The validity of
the test showed a significance level of p<0.01 for both groups using a two-tailed
test.
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Figure 172: Relationship between Δ visceral fat (mm) and Δ serum CRP concentration (mg/l).
Left: Male patients. Right: Female patients. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. CRP: C-reactive protein.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.038, long-term: r2=0.195) showed a higher statistical influence of the visceral
fat reduction on the CRP reduction in long-term patients. The correlation coefficient
after Pearson for short-term patients was -0.196 (n.s.) and for long-term patients

Δ CRP (mg/l)

Δ CRP (mg/l)

0.442 (p<0.01). The validity test for both groups was two-tailed.

Δ Visceral fat (mm)
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Figure 173: Relationship between Δ visceral fat (mm) and Δ serum CRP concentration (mg/l).
Left: Short-term patients (<3 months). Right: Long-term patients (>3 months). Represented
is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
CRP: C-reactive protein.
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3.8. Other laboratory tests
3.8.1.

Serum Gamma-Glutamyltransferase (yGT)
concentration

The median reduction in yGT for all patients was 4 (0;9) with a range of 537 U/l
(p<0.01). There was a significant difference (Wilcoxon/Mann-Whitney U p<0.01)
between the male group with a median reduction of 7 (3;13) and a range of 518 U/l
(p<0.01) to the female group with a median reduction of 2 (-1;7) and a range of 250
U/l (p<0.05).
Regarding the reduction in short- and long-term patients, there was no significant
difference (Wilcoxon/Mann-Whitney U p>0.05). Short-term patients had a median
reduction of 1 (-1;8) with a range of 23 U/l (n.s.) while long-term patients had a
median reduction of 5 (0;10) with a range of 537 U/l (p<0.01).
Table 42: Serum yGT concentration development (start, discharge and reduction) for all
patients, male patients and female patients. Given are median (quartiles: Q1 ; Q3).
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. yGT: Gammaglutamyltransferase.

Parameter

All patients

Male patients

Female patients

yGT at start (U/l)

20 (14;28)
N=125
15 (11;20)
N=125
4 (0;9)
N=125

24 (16;38)
N=58
16 (11;20)
N=58
7 (3;13)
N=58

18 (13;26)
N=67
15 (11;20)
N=67
2 (-1;7)
N=67

yGT at discharge
(U/l)
yGT reduction (U/l)

Table 43: Serum yGT concentration development (start, discharge and reduction) for shortterm patients (<3 months) and long-term patients (>3 months). Given are median (quartiles:
Q1 ; Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. yGT: Gammaglutamyltransferase.

Parameter
yGT at start (U/l)
yGT at discharge (U/l)
yGT reduction (U/l)

Short-term (<3 months)
20 (12;22)
N=15
14 (12;18)
N=15
1 (-1;8)
N=15

Long-term (>3 months)
22 (14;28)
N=110
16 (11;20)
N=110
5 (0;10)
N=110
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Figure 174: Δ Serum yGT concentration (U/l) of the different patient collectives. Left:
Female, male and all patients. Right: All patients, short-term patients (<3 months) and longterm patients (>3 months). Represented are median, quartiles (Q1;Q3), range and outliers.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. yGT: Gammaglutamyltransferase.

3.8.1.1.

Statistical influence and correlation between change in yGT
and yGT at start

The linear regression analysis (r2=0.003) showed no statistical influence of the
starting yGT on the yGT reduction during therapy. The correlation coefficient
according to Pearson was -0.050 (n.s.).
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Figure 175: Relationship between starting serum yGT concentration (U/l) and Δ serum yGT
concentration (U/l) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. yGT: Gammaglutamyltransferase.

When separating male and female patients, the linear regression analysis (male:
r2=0.005, female: r2=0.135) showed a higher statistical influence of the starting yGT
on reduction of yGT in female patients. The correlation coefficient after Pearson for
male patients was 0.068 (n.s.) and for female patients -0.367 (p<0.01). The validity

Δ yGT (U/l)

Δ yGT (U/l)

test for both groups was two-tailed.
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Figure 176: Relationship between starting serum yGT concentration (U/l) and Δ serum yGT
concentration (U/l). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. yGT:
Gamma-glutamyltransferase.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.010, long-term: r2=0.003) showed a similar statistical influence of the starting
yGT on yGT reduction. The correlation coefficient after Pearson for short-term

Δ yGT (U/l)

Δ yGT (U/l)

patients was 0.101 (n.s.) and for long-term patients -0.056 (n.s.).

Starting yGT (U/l)

Starting yGT (U/l)

Figure 177: Relationship between starting serum yGT concentration (U/l) and Δ serum yGT
concentration (U/l). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008. yGT: Gamma-glutamyltransferase.

3.8.1.2.

Statistical influence and correlation between starting visceral
fat and starting yGT

The linear regression analysis (r2=0.086) showed a slight statistical influence of the
starting visceral fat on the starting yGT. The correlation coefficient according to
Pearson was 0.293. The validity of the test showed a significance level of p<0.01
using a two-tailed test.

154

Starting yGT (U/l)

Starting visceral fat (mm)

Figure 178: Relationship between starting visceral fat(mm) and starting serum yGT
concentration (U/l) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. yGT: Gammaglutamyltransferase.

When separating male and female patients, the linear regression analysis (male:
r2=0.093, female: r2=0.038) showed a higher statistical influence of the starting
visceral fat on starting yGT in male patients. The correlation coefficient after
Pearson for male patients was 0.305 (p<0.05) and for female patients 0.195 (n.s.).

Starting yGT (U/l)

Starting yGT (U/l)

The validity test for both groups was two-tailed.

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 179: Relationship between starting visceral fat (mm) and starting serum yGT
concentration (U/l). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. yGT:
Gamma-glutamyltransferase.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.033, long-term: r2=0.086) showed a higher statistical influence of the starting
visceral fat on starting yGT in long-term patients. The correlation coefficient after
Pearson for short-term patients was 0.181 (n.s.) and for long-term patients 0.293

Starting yGT (U/l)

Starting yGT (U/l)

(p<0.01). The validity test for both groups was two-tailed.

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 180: Relationship between starting visceral fat (mm) and starting serum yGT
concentration (U/l). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008. yGT: Gamma-glutamyltransferase.

3.8.1.3.

Statistical influence and correlation between change in
visceral fat and change in yGT

According to the linear regression (r2=0.003), there is no statistical influence of the
reduction of visceral fat on the yGT reduction. The correlation coefficient after
Pearson was -0.053 (n.s.).
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Δ yGT (U/l)

Δ Visceral fat (mm)

Figure 181: Relationship between Δ visceral fat (mm) and Δ serum yGT concentration (U/l)
for the entire patient collective. Represented is the linear regression. Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008. yGT: Gamma-glutamyltransferase.

When separating male and female patients, the linear regression analysis (male:
r2=0.001, female: r2=0.012) showed a similar statistical influence of the reduction of
visceral fat on yGT reduction. The correlation coefficient after Pearson for male

Δ yGT (U/l)

Δ yGT (U/l)

patients was -0.035 (n.s.) and for female patients -0.109 (n.s.).

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 182: Relationship between Δ visceral fat (mm) and Δ serum yGT concentration (U/l).
Left: Male patients. Right: Female patients. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. yGT: Gammaglutamyltransferase.

In regard to short- and long-term patients the linear regression analysis (short-term:
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r2=0.382, long-term: r2=0.004) showed a higher statistical influence of the visceral
fat reduction on the yGT reduction in short term patients. The correlation coefficient
after Pearson for short-term patients was 0.618 (p<0.05) and for long-term patients

Δ yGT (U/l)

Δ yGT (U/l)

-0.065 (n.s.). The validity test for both groups was two-tailed.

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 183: Relationship between Δ visceral fat (mm) and Δ serum yGT concentration (U/l).
Left: Short-term patients (<3 months). Right: Long-term patients (>3 months). Represented
is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
yGT: Gamma-glutamyltransferase.

3.8.2.

Serum uric acid concentration

The median reduction in uric acid for all patients was 59.48 (35.69;113.01) with a
range of 327.14 µmol/l (p<0.01). There was no significant difference
(Wilcoxon/Mann-Whitney U p>0.05) between the male group with a median
reduction of 50.56 (34.20;90.71) and a range of 321.19 µmol/l (p<0.01) to the
female group with a median reduction of 77.37 (35.69;113.02) and a range of
273.61 µmol/l (p<0.01).
Regarding the reduction in short- and long-term patients, there was no significant
difference (Wilcoxon/Mann-Whitney U p>0.05). Short-term patients had a median
reduction of 41.64 (23.80;77.32) with a range of 197.19 µmol/l (p<0.01) while the
long-term patients had a median reduction of 67.43 (35.69;113.01) with a range of
327.14 µmol/l (p<0.01).
Table 44: Serum uric acid concentration development (start, discharge and reduction) for all
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patients, male patients and female patients. Given are median (quartiles: Q1 ; Q3).
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter

All patients

Male patients

Female patients

Uric acid at start
(µmol/l)

368.78
(324.17;443.08)
N=125
315.24
(261.71;368.78)
N=125
59.48
(35.69;113.01)
N=125

425.28
(356.88;469.89)
N=58
353.91
(309.30;386.62)
N=58
50.56 (34.20;90.71)
N=58

356.88
(315.24;410.41)
N=67
291.50
(249.82;327.14)
N=67
77.37
(35.69;113.02)
N=67

Uric acid at
discharge (µmol/l)
Uric acid reduction
(µmol/l)

Table 45: Serum uric acid concentration development (start, discharge and reduction) for
short-term patients (<3 months) and long-term patients (>3 months). Given are median
(quartiles: Q1 ; Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Uric acid at start (µmol/l)

Long-term (>3 months)
374.72 (327.14;446.03)
N=110
315.24 (261.71;368.78)
N=110
67.43 (35.69;113.01)
N=110

Δ Uric acid (µmol/l)

Δ Uric acid (µmol/l)

Uric acid at discharge
(µmol/l)
Uric acid reduction
(µmol/l)

Short-term (<3 months)
344.98 (303.34;434.20)
N=15
315.24 (255.76;380.67)
N=15
41.64 (23.80;77.32)
N=15

Female patients

Male patients

All patients

All patients

Short-term patients Long-term patients

Figure 184: Δ Serum uric acid concentration (µmol/l) of the different patient collectives. Left:
Female, male and all patients. Right: All patients, short-term patients (<3 months) and longterm patients (>3 months). Represented are median, quartiles (Q1;Q3), range and outliers.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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3.8.2.1.

Statistical influence and correlation between change in uric
acid and uric acid at start

The linear regression analysis (r2=0.335) showed a moderate statistical influence of
the starting uric acid on the uric acid reduction during therapy. The correlation
coefficient according to Pearson was -0.578. The validity of the test showed a

Δ Uric acid (µmol/l)

significance level of p<0.01 using a two-tailed test.

Starting uric acid (µmol/l)

Figure 185: Relationship between starting serum uric acid concentration (µmol/l) and Δ
serum uric acid concentration (µmol/l) for the entire patient collective. Represented is the
linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.447, female: r2=0.364) showed a higher statistical influence of the starting uric
acid on reduction of uric acid in male patients. The correlation coefficient after
Pearson for male patients was -0.669 and for female patients -0.603. The validity of
the test showed a significance level of p<0.01 for both groups using a two-tailed
test.
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Δ Uric acid (µmol/l)

Δ Uric acid (µmol/l)

Starting Uric acid (µmol/l)

Starting Uric acid (µmol/l)

Figure 186: Relationship between starting serum uric acid concentration (µmol/l) and Δ
serum uric acid concentration (µmol/l). Left: Male patients. Right: Female patients.
Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany.
2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.093, long-term: r2=0.358) showed a higher statistical influence of the starting
uric acid on uric acid reduction in long-term patients. The correlation coefficient
after Pearson for short-term patients was -0.305 (n.s.) and for long-term patients

Δ Uric acid (µmol/l)

Δ Uric acid (µmol/l)

-0.599 (p<0.01). The validity test for both groups was two-tailed.

Starting Uric acid (µmol/l)

Starting Uric acid (µmol/l)

Figure 187: Relationship between starting serum uric acid concentration (µmol/l) and Δ
serum uric acid concentration (µmol/l). Left: Short-term patients (<3 months). Right: Longterm patients (>3 months). Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.
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3.8.2.2.

Statistical influence and correlation between starting visceral
fat and starting uric acid

The linear regression analysis (r2=0.068) showed a slight statistical influence of the
starting visceral fat on the starting uric acid. The correlation coefficient according to
Pearson was 0.262. The validity of the test showed a significance level of p<0.01

Starting uric acid (µmol/l)

using a two-tailed test.

Starting visceral fat (mm)

Figure 188: Relationship between starting visceral fat (mm) and starting serum uric acid
concentration (µmol/l) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.066, female: r2=0.022) showed a higher statistical influence of the starting
visceral fat on starting uric acid in male patients. The correlation coefficient after
Pearson for male patients was 0.257 (n.s.) and for female patients 0.148 (n.s.).
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Starting visceral fat (mm)

Figure 189: Relationship between starting visceral fat (mm) and starting serum uric acid
concentration (µmol/l). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.000, long-term: r2=0.078) showed a higher statistical influence of the starting
visceral fat on starting uric acid in long-term patients. The correlation coefficient
after Pearson for short-term patients was -0.023 (n.s.) and for long-term patients

Starting Uric acid (µmol/l)

Starting Uric acid (µmol/l)

0.280 (p<0.01). The validity test for both groups was two-tailed.

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 190: Relationship between starting visceral fat (mm) and starting serum uric acid
concentration (µmol/l). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008.
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3.8.2.3.

Statistical influence and correlation between change in
visceral fat and change in uric acid

According to the linear regression (r2=0.057), there is a slight statistical influence of
the reduction of visceral fat on the uric acid reduction. The correlation coefficient
after Pearson was 0.238. The validity of the test showed a significance level of

Δ Uric acid (µmol/l)

p<0.05 using a two-tailed test.

Δ Visceral fat (mm)

Figure 191: Relationship between Δ visceral fat (mm) and Δ serum uric acid concentration
(µmol/l) for the entire patient collective. Represented is the linear regression. Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.053, female: r2=0.066) showed a similar statistical influence of the reduction of
visceral fat on uric acid reduction. The correlation coefficient after Pearson for male
patients was 0.229 (n.s.) and for female patients 0.257 (p<0.05).

164

Δ Uric acid (µmol/l)

Δ Uric acid (µmol/l)

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 192: Relationship between Δ visceral fat (mm) and Δ serum uric acid concentration
(µmol/l). Left: Male patients. Right: Female patients. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.201, long-term: r2=0.039) showed a higher statistical influence of the visceral
fat reduction on the uric acid reduction in short-term patients. The correlation
coefficient after Pearson for short-term patients was 0.449 (n.s.) and for long-term

Δ Uric acid (µmol/l)

Δ Uric acid (µmol/l)

patients 0.198 (p<0.05). The validity test for both groups was two-tailed.

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 193: Relationship between Δ visceral fat (mm) and Δ serum uric acid concentration
(µmol/l). Left: Short-term patients (<3 months). Right: Long-term patients (>3 months).
Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany.
2007-2008.
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3.8.3.

Serum creatinine concentration

The median reduction in serum creatinine concentration for all patients was 0.0
(-0.1;0.0) with a range of 0.6 mg/dl (p<0.05). There was no significant difference
(Wilcoxon/Mann-Whitney U p>0.05) between the male group with a median
reduction of 0.0 (-0.1;0.0) and a range of 0.6 mg/dl (n.s.) to the female group with a
median reduction of 0.0 (-0.1;0.0) and a range of 0.6 mg/dl (n.s.).
Regarding the reduction in short- and long-term patients, there was a significant
difference (Wilcoxon/Mann-Whitney U p<0.01). Short-term patients had a median
reduction of 0.1 (0.0;0.1) with a range of 0.6 mg/dl (n.s.) while long-term patients
had a median reduction of 0.0 (-0.1;0.0) with a range of 0.4 mg/dl (p<0.01).

Table 46: Serum creatinine concentration development (start, discharge and reduction) for all
patients, male patients and female patients. Given are median (quartiles: Q1 ; Q3).
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Creatinine at start
(mg/dl)
Creatinine at
discharge (mg/dl)
Creatinine reduction
(mg/dl)

All patients
0.6 (0.5;0.7)
N=125
0.6 (0.6;0.7)
N=125
0.0 (-0.1;0.0)
N=125

Male patients
0.6 (0.5;0.7)
N=58
0.6 (0.6;0.7)
N=58
0.0 (-0.1;0.0)
N=58

Female patients
0.6 (0.5;0.7)
N=67
0.6 (0.5;0.7)
N=67
0.0 (-0.1;0.0)
N=67

Table 47: Serum creatinine concentration development (start, discharge and reduction) for
short-term patients (<3 months) and long-term patients (>3 months). Given are median
(quartiles: Q1 ; Q3). Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

Parameter
Creatinine at start (mg/dl)
Creatinine at discharge
(mg/dl)
Creatinine reduction
(mg/dl)

Short-term (<3 months)
0.7 (0.5;0.7)
N=15
0.6 (0.5;0.6)
N=15
0.1 (0.0;0.1)
N=15

Long-term (>3 months)
0.6 (0.5;0.7)
N=110
0.6 (0.6;0.7)
N=110
0.0 (-0.1;0.0)
N=110

166

Δ Creatinine (mg/dl)

Δ Creatinine (mg/dl)

Female patients

Male patients
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Short-term patients Long-term patients

Figure 194: Δ Serum creatinine concentration (mg/dl) of the different patient collectives. Left:
Female, male and all patients. Right: All patients, short-term patients (<3 months) and longterm patients (>3 months). Represented are median, quartiles (Q1;Q3), range and outliers.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

3.8.3.1.

Statistical influence and correlation between change in
creatinine and creatinine at start

The linear regression analysis (r2=0.251) showed a slight statistical influence of the
starting creatinine on the creatinine reduction during therapy. The correlation
coefficient according to Pearson was -0.501. The validity of the test showed a
significance level of p<0.01 using a two-tailed test.
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Δ Creatinine (mg/dl)

Starting creatinine (mg/dl)

Figure 195: Relationship between starting serum creatinine concentration (mg/dl) and Δ
serum creatinine concentration (mg/dl) for the entire patient collective. Represented is the
linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.252, female: r2=0.267) showed a similar statistical influence of the starting
creatinine on reduction of creatinine. The correlation coefficient after Pearson for
male patients was -0.502 and for female patients -0.517. The validity of the test

Δ Creatinine (mg/dl)

Δ Creatinine (mg/dl)

showed a significance level of p<0.01 for both groups using a two-tailed test.

Starting Creatinine (mg/dl)

Starting Creatinine (mg/dl)

Figure 196: Relationship between starting serum creatinine concentration (mg/dl) and Δ
serum creatinine concentration (mg/dl). Left: Male patients. Right: Female patients.
Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany.
2007-2008.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.214, long-term: r2=0.288) showed a higher statistical influence of the starting
creatinine on creatinine reduction in long-term patients. The correlation coefficient
after Pearson for short-term patients was -0.463 (n.s.) and for long-term patients

Δ Creatinine (mg/dl)

Δ Creatinine (mg/dl)

-0.537 (p<0.01).

Starting Creatinine (mg/dl)

Starting Creatinine (mg/dl)

Figure 197: Relationship between starting serum creatinine concentration (mg/dl) and Δ
serum creatinine concentration (mg/dl). Left: Short-term patients (<3 months). Right: Longterm patients (>3 months). Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008.

3.8.3.2.

Statistical influence and correlation between starting visceral
fat and starting creatinine

The linear regression analysis (r2=0.008) showed no statistical influence of the
starting visceral fat on the starting creatinine. The correlation coefficient according
to Pearson was 0.089 (n.s.).
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Starting creatinine (mg/dl)

Starting visceral fat (mm)

Figure 198: Relationship between starting visceral fat (mm) and starting serum creatinine
concentration (mg/dl) for the entire patient collective. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.059, female: r2=0.026) showed a similar statistical influence of the starting
visceral fat on starting creatinine. The correlation coefficient after Pearson for male

Starting Creatinine (mg/dl)

Starting Creatinine (mg/dl)

patients was 0.242 (n.s.) and for female patients -0.161 (n.s.).

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 199: Relationship between starting visceral fat (mm) and starting serum creatinine
concentration (mg/dl). Left: Male patients. Right: Female patients. Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.003, long-term: r2=0.011) showed a similar statistical influence of the starting
visceral fat on starting creatinine. The correlation coefficient after Pearson for short-

Starting Creatinine (mg/dl)

Starting Creatinine (mg/dl)

term patients was 0.058 (n.s.) and for long-term patients 0.103 (n.s.).

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 200: Relationship between starting visceral fat (mm) and starting serum creatinine
concentration (mg/dl). Left: Short-term patients (<3 months). Right: Long-term patients (>3
months). Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008.

3.8.3.3.

Statistical influence and correlation between change in
visceral fat and change in creatinine

According to the linear regression (r2=0.004), there is no statistical influence of the
reduction of visceral fat on the creatinine reduction. The correlation coefficient after
Pearson was -0.062 (n.s.).
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Figure 201: Relationship between Δ visceral fat (mm) and Δ serum creatinine concentration
(mg/dl) for the entire patient collective. Represented is the linear regression. Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008.

When separating male and female patients, the linear regression analysis (male:
r2=0.008, female: r2=0.087) showed a higher statistical influence of the reduction of
visceral fat on creatinine reduction in female patients. The correlation coefficient
after Pearson for male patients was 0.089 (n.s.) and for female patients -0.296

Δ Creatinine (mg/dl)

Δ Creatinine (mg/dl)

(p<0.05).

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 202: Relationship between Δ visceral fat (mm) and Δ serum creatinine concentration
(mg/dl). Left: Male patients. Right: Female patients. Represented is the linear regression.
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008.
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In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.000, long-term: r2=0.000) showed a similar statistical influence of the visceral
fat reduction on the creatinine reduction. The correlation coefficient after Pearson

Δ Creatinine (mg/dl)

Δ Creatinine (mg/dl)

for short-term patients was -0.014 (n.s.) and for long-term patients -0.016 (n.s.).

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 203: Relationship between Δ visceral fat (mm) and Δ serum creatinine concentration
(mg/dl). Left: Short-term patients (<3 months). Right: Long-term patients (>3 months).
Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany.
2007-2008.

3.8.4.

Homeostatic model assessment index (HOMA index)

The median reduction in HOMA index for all patients was 1.97 (0.43;2.56) with a
range of 21.70 (p<0.01). There was no significant difference (Wilcoxon/MannWhitney U p>0.05) between the male group with a median reduction of 2.25
(0.52;4.22) and a range of 20.52 (p<0.01) to the female group with a median
reduction of 1.88 (0.37;3.83) and a range of 14.46 (p<0.01).
Regarding the reduction in short- and long-term patients, there was a significant
difference (Wilcoxon/Mann-Whitney U p<0.01). Short-term patients had a median
reduction of -0.46 (-0.91;2.56) with a range of 7.46 (n.s.) while the long-term
patients had a median reduction of 2.05 (0.96;4.29) with a range of 21.70 (p<0.01).
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Table 48: HOMA index development (start, discharge and reduction) for all patients, male
patients and female patients. Given are median (quartiles: Q1 ; Q3). Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008. HOMA index: Homeostatic model assessment
index.

Parameter

All patients

Male patients

Female patients

HOMA at start

4.60 (3.20;6.15)
N=123
2.44 (1.96;3.31)
N=122
1.97 (0.43;4.11)
N=120

4.67 (3.18;6.00)
N=57
2.19 (1.54;3.02)
N=57
2.25 (0.52;4.22)
N=56

4.54 (3.29;6.53)
N=66
2.52 (2.21;3.83)
N=65
1.88 (0.37;3.83)
N=64

HOMA at discharge
HOMA reduction

Table 49: HOMA index development (start, discharge and reduction) for short-term patients
(<3 months) and long-term patients (>3 months). Given are median (quartiles: Q1 ; Q3).
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. HOMA index:
Homeostatic model assessment index.

Parameter
HOMA at start
HOMA at discharge

Long-term (>3 months)
4.90 (3.50;6.62)
N=108
2.42 (1.96;3.28)
N=107
2.05 (0.96;4.29)
N=105

Δ HOMA Index

Δ HOMA Index

HOMA reduction

Short-term (<3 months)
2.92 (2.16;4.77)
N=15
2.78 (2.09;3.38)
N=15
-0.46 (-0.91;2.56)
N=15

Female patients

Male patients

All patients

All patients

Short-term patients Long-term patients

Figure 204: Δ HOMA index of the different patient collectives. Left: Female, male and all
patients. Right: All patients, short-term patients (<3 months) and long-term patients (>3
months). Represented are median, quartiles (Q1;Q3), range and outliers. Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008. HOMA index: Homeostatic model
assessment index.
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3.8.4.1.

Statistical influence and correlation between change in
HOMA and HOMA at start

The linear regression analysis (r2=0.811) showed a high statistical influence of the
starting HOMA on the HOMA reduction during therapy. The correlation coefficient
according to Pearson was -0.900. The validity of the test showed a significance

Δ HOMA Index

level of p<0.01 using a two-tailed test.

Starting HOMA Index

Figure 205: Relationship between starting HOMA and Δ HOMA index for the entire patient
collective. Represented is the linear regression. Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008. HOMA: Homeostatic model assessment index.

When separating male and female patients, the linear regression analysis (male:
r2=0.840, female: r2=0.814) showed a similar statistical influence of the starting
HOMA on reduction of HOMA. The correlation coefficient after Pearson for male
patients was -0.917 and for female patients -0.902. The validity of the test showed a
significance level of p<0.01 for both groups using a two-tailed test.
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Figure 206: Relationship between starting HOMA index and Δ HOMA index. Left: Male
patients. Right: Female patients. Represented is the linear regression. Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008. HOMA index: Homeostatic model assessment
index.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.501, long-term: r2=0.818) showed a higher statistical influence of the starting
HOMA on HOMA reduction in long-term patients. The correlation coefficient after
Pearson for short-term patients was -0.708 and for long-term patients -0.904. The
validity of the test showed a significance level of p<0.01 for both groups using a

Δ HOMA Index

Δ HOMA Index

two-tailed test.

Starting HOMA Index

Starting HOMA Index

Figure 207: Relationship between starting HOMA index and Δ HOMA index. Left: Shortterm patients (<3 months). Right: Long-term patients (>3 months). Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. HOMA index:
Homeostatic model assessment index.
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3.8.4.2.

Statistical influence and correlation between starting visceral
fat and starting HOMA

The linear regression analysis (r2=0.204) showed a slight statistical influence of the
starting visceral fat on the starting HOMA. The correlation coefficient according to
Pearson was 0.452. The validity of the test showed a significance level of p<0.01

Starting HOMA

using a two-tailed test.

Starting visceral fat (mm)

Figure 208: Relationship between starting visceral fat (mm) and starting HOMA index for the
entire patient collective. Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008. HOMA index: Homeostatic model assessment index.

When separating male and female patients, the linear regression analysis (male:
r2=0.347, female: r2=0.119) showed a higher statistical influence of the starting
visceral fat on starting HOMA in male patients. The correlation coefficient after
Pearson for male patients was 0.589 and for female patients 0.345. The validity of
the test showed a significance level of p<0.01 for both groups using a two-tailed
test.
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Figure 209: Relationship between starting visceral fat (mm) and starting HOMA index. Left:
Male patients. Right: Female patients. Represented is the linear regression. Rehabilitation
Center Insula, Bischofswiesen, Germany. 2007-2008. HOMA index: Homeostatic model
assessment index.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.022, long-term: r2=0.203) showed a higher statistical influence of the starting
visceral fat on starting HOMA in long-term patients. The correlation coefficient
after Pearson for short-term patients was 0.147 (n.s.) and for long-term patients

Starting HOMA Index

Starting HOMA Index

0.451 (p<0.01).

Starting visceral fat (mm)

Starting visceral fat (mm)

Figure 210: Relationship between starting visceral fat (mm) and starting HOMA index. Left:
Short-term patients (<3 months). Right: Long-term patients (>3 months). Represented is the
linear regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. HOMA
index: Homeostatic model assessment index.
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3.8.4.3.

Statistical influence and correlation between change in
visceral fat and change in HOMA

According to the linear regression (r2=0.098), there is a slight statistical influence of
the reduction of visceral fat on the HOMA reduction. The correlation coefficient
after Pearson was 0.313. The validity of the test showed a significance level of

Δ HOMA

p<0.01 using a two-tailed test.

Δ Visceral fat (mm)

Figure 211: Relationship between Δ visceral fat (mm) and Δ HOMA index for the entire
patient collective. Represented is the linear regression. Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008. HOMA index: Homeostatic model assessment index.

When separating male and female patients, the linear regression analysis (male:
r2=0.183, female: r2=0.024) showed a higher statistical influence of the reduction of
visceral fat on HOMA reduction in male patients. The correlation coefficient after
Pearson for male patients was 0.428 (p<0.01) and for female patients 0.155 (n.s.).
The validity test for both groups was two-tailed.
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Figure 212: Relationship between Δ visceral fat (mm) and Δ HOMA index. Left: Male
patients. Right: Female patients. Represented is the linear regression. Rehabilitation Center
Insula, Bischofswiesen, Germany. 2007-2008. HOMA index: Homeostatic model assessment
index.

In regard to short- and long-term patients the linear regression analysis (short-term:
r2=0.153, long-term: r2=0.074) showed a higher statistical influence of the visceral
fat reduction on the HOMA reduction in short-term patients. The correlation
coefficient after Pearson for short-term patients was 0.391 (n.s.) and for long-term

Δ HOMA Index

Δ HOMA Index

patients 0.272 (p<0.01). The validity test for both groups was two-tailed.

Δ Visceral fat (mm)

Δ Visceral fat (mm)

Figure 213: Relationship between Δ visceral fat (mm) and Δ HOMA index. Left: Short-term
patients (<3 months). Right: Long-term patients (>3 months). Represented is the linear
regression. Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. HOMA index:
Homeostatic model assessment index.

180

3.9. Summarized results
3.9.1.

Patient collective divided according to gender

Table 50: Summarized results of selected parameters for all patients, male patients and
female patients. Given are median (quartiles Q1 ; Q3) and range as well as coefficients for
correlation: *p<0.05; **p<0.05. Obesity Rehabilitation Center Insula, Bischofswiesen,
Germany. 2007-2008. BMI: Body mass index; BP: Blood pressure; HDL: High density
lipoprotein; LDL: Low density lipoprotein; yGT: Gamma glutamyl transferase; HOMA
index: Homeostatic model assessment index.

Median Parameter
Visceral fat reduction
(mm)
Therapy duration
(months)
Body weight
reduction(kg)
BMI reduction
(kg/m2)
Waist circumference
reduction (cm)
Fat mass reduction
(%)
Systolic BP
reduction (mmHg)
Diastolic BP
reduction (mmHg)
Intima-media
thickness reduction
(mm)
Triglycerides
reduction (mmol/l)
Cholesterol reduction
(mmol/l)
HDL reduction
(mmol/l)
LDL reduction
(mmol/l)
Serum glucose t=0
reduction (mg/dl)
Serum glucose t=120
reduction (mg/dl)
Insulin reduction
(µg/ml)
Adiponectin
reduction (µg/ml)
Interleukin 6
reduction (ng/ml)

All patients
17.3 (6.7;27.7)**
Range: 103.3
5.9 (4.2;6.7)
Range: 12.4
20.1 (13.3;30.7)**
Range: 91.3
7.7 (5.4;9.7)**
Range: 32.9
17 (11;25)**
Range: 56
8 (4;11) **
Range: 40
10 (3;18)**
Range: 64
8 (0;15)**
Range: 58
-0.01 (-0.06;0.03)
Range: 0.31

Male patients
16.4 (6.6;29.8)**
Range: 103.3
5.9 (3.8;6.5)
Range: 12.4
26.1 (16.3;34.2)**
Range: 90.2
8.4 (6.3;10.6)**
Range: 31.8
21 (13;28)**
Range: 45
10 (6;13) **
Range: 39
8 (0;16)**
Range: 64
5 (-3;17)**
Range: 58
-0.03 (-0.08;0.19)*
Range: 0.31

Female patients
17.3 (9.0;24.1)**
Range: 59.6
6.0 (4.4;7.1)
Range: 12.2
18.9 (12.6;24.9)**
Range: 55.4
7.1 (4.7;8.9)**
Range: 18.9
15 (10;20)**
Range: 56
7 (4;10)**
Range: 30
10 (4;18)**
Range: 54
8 (0;15)**
Range:51
0.00 (-0.05;0.04)
Range: 0.20

0.10 (-0.12;0.38)**
Range: 7.56
0.47 (0.08;0.82)**
Range: 9.40
0.05 (-0.13;0.16)
Range: 2.88
0.42 (0.05;0.65)**
Range: 5.88
4 (-1;10)**
Range: 58
14 (-1;29)**
Range: 119
8.6 (2.0;18.3)**
Range: 110.1
-1.33 (-2.45;0.19)**
Range: 10.39
0.50 (-0.19;1.88)**
Range: 39.88

0.17 (-0.03;0.63)*
Range: 5.46
0.57 (0.25;0.90)**
Range: 5.65
0.06 (-0.09;0.20)
Range: 2.62
0.51 (0.15;0.79)**
Range: 3.18
4 (-2;9)*
Range: 68
13 (-3;28)**
Range: 105
9.0 (2.9;20.6)**
Range: 104.1
-1.38 (-2.54;0.20)**
Range: 8.39
0.54 (-0.34;1.66)*
Range: 22.10

0.04 (-0.29;0.29)
Range: 5.43
0.34 (-0.26;0.67)*
Range: 7.22
0.03 (-0.18;0.15)
Range: 2.46
0.32 (0.13;0.59)**
Range: 5.44
5 (-1;10)**
Range: 45
15 (3;35)**
Range: 105
8.1 (1.1;15.0)**
Range: 71.8
-1.23 (-2.37; 0.00)**
Range: 10.39
0.44 (-0.03;2.07)**
Range: 36.09
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C-reactive protein
reduction(mg/l)
yGT reduction (U/l)
Uric acid reduction
(µmol/l)
Creatinine reduction
(mg/dl)
HOMA index
reduction

1.59 (0.28;3.77)**
Range: 55.15
4 (0;9)**
Range: 537
59.48
(35.69;113.01)**
Range: 327.14
0.0 (-0.1;0.0) *
Range: 0.6
1.97 (0.43:4.11)**
Range: 21.70

1.53 (0.54;2.54)**
Range: 33.19
7 (3;13)**
Range: 518
50.56
(34.20;90.71)**
Range: 321.19
0.0 (-0.1;0.0)
Range: 0.6
2.25 (0.52;4.22)**
Range: 20.52

1.71 (0.10;4.42)**
Range: 48.77
2 (-1;7)*
Range: 250
77.37
(35.69;113.02)**
Range: 273.61
0.0 (-0.1;0.0)
Range: 0.6
1.88 (0.37;3.83)**
Range: 14.46
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Table 51: Summarized correlations for the relationship between the visceral fat mass
reduction and selected parameters for all patients, male patients and female patients. Given
are coefficients for correlation: *p<0.05; **p<0.05. Obesity Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008. BMI: Body mass index; HDL: High density
lipoprotein; LDL: Low density lipoprotein; yGT: Gamma glutamyl transferase; HOMA
index: Homeostatic model assessment index.

Visceral fat reduction
correlated with:
Therapy duration (months)
Body weight reduction (kg)
BMI reduction (kg/m2)
Waist circumference reduction
(cm)
Fat mass reduction (%)
Systolic blood pressure
reduction (mmHg)
Diastolic blood pressure
reduction (mmHg)
Intima-media thickness
reduction (mm)
Triglycerides reduction
(mmol/l)
Cholesterol reduction (mmol/l)
HDL reduction (mmol/l)
LDL reduction (mmol/l)
Serum glucose t=0 reduction
(mg/dl)
Serum glucose t=120 reduction
(mg/dl)
Insulin reduction (µg/ml)
Adiponectin reduction (µg/ml)
Interleukin 6 reduction (ng/ml)
C-reactive protein reduction
(mg/l)
yGT reduction (U/l)
Uric acid reduction (µmol/l)
Creatinine reduction (mg/dl)
HOMA index reduction

All patients
-0.379**
0.514**
0.529**
0.463**

Male patients
-0.345*
0.547**
0.535**
0.481**

Female patients
-0.432**
0.485**
0.529**
0.466**

0.198*
0.230*

0.084
0.228

0.373**
0.240

0.213*

0.238

0.178

-0.149

-0.059

-0.386*

0.070

0.061

0.086

0.034
-0.016
-0.040
0.165

-0.007
-0.100
-0.018
0.176

0.080
0.086
-0.069
0.157

-0.009

-0.031

0.025

0.260**
-0.116
0.241*
0.398**

0.369**
-0.199
0.372**
0.501**

0.093
-0.030
0.182
0.380**

-0.053
0.238*
-0.062
0.313**

-0.035
0.229
0.089
0.428**

-0.109
0.257*
-0.296*
0.155
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3.9.2.

Patient collective divided according to short- and longterm therapy

Table 52: Summarized results of selected parameters for short-term patients (<3 months) and
long-term patients (>3 Months). Given are median (quartiles: Q1 ; Q3) and range as well as
coefficients for correlation: *p<0.05; **p<0.05. Obesity Rehabilitation Center Insula,
Bischofswiesen, Germany. 2007-2008. BMI: Body mass index; BP: blood pressure; HDL:
High density lipoprotein; LDL: Low density lipoprotein; yGT: Gamma glutamyl transferase;
HOMA index: Homeostatic model assessment index.

Parameter
Visceral fat reduction (mm)
Therapy duration (months)
Body weight reduction(kg)
BMI reduction(kg/m2)
Waist circumference
reduction(cm)
Fat mass reduction (%)
Systolic BP reduction (mmHg)
Diastolic BP reduction (mmHg)
Intima-media thickness
reduction (mm)
Triglycerides reduction (mmol/l)
Cholesterol reduction (mmol/l)
HDL reduction (mmol/l)
LDL reduction (mmol/l)
Serum glucose t=0 reduction
(mg/dl)
Serum glucose t=120 reduction
(mg/dl)
Insulin reduction (µg/ml)
Adiponectin reduction (µg/ml)
Interleukin 6 reduction (ng/ml)
C-reactive protein reduction
(mg/l)

Short-term (<3 months)
6.0 (9.0;17.0)*
Range: 65.3
1.4 (1.1;2.2)
Range: 1.8
7.4 (5.1;9.4)**
Range: 18.5
2.4 (1.8;3.8)**
Range: 6.2
10 (3;15)**
Range: 26
3 (-2;5)
Range: 14
4 (0;13)
Range: 29
3 (-4;10)
Range: 30
-0.01 (-0.07;0.03)
Range: 0.15
0.04 (-0.46;0.69)
Range: 5.49
0.26 (-0.25;0.67)
Range: 5.85
0.06 (-0.15;0.24)
Range: 2.88
0.17 (-0.53;0.60)
Range: 5.08
-1 (-3;7)
Range: 24
2 (-12;18)
Range: 58
-2.2 (-4.7;11.2)
Range: 36.8
-1.25 (-2.43;0.52)
Range: 9.50
0.93 (0.28;2.19)*
Range: 13.19
1.76 (0.72;2.01)**
Range: 12.26

Long-term (> 3 months)
18.2 (7.9;28.1)**
Range: 103.3
6.0 (5.0;7.1)
Range: 10.1
21.9 (16.5;31.7)**
Range: 87.7
8.3 (6.5;10.3)**
Range: 31.4
18 (13;26)**
Range: 53
8 (6;12)**
Range: 40
10 (4;20)**
Range: 64
8 (0;16)**
Range: 58
-0.01 (-0.06;0.03)
Range: 0.31
0.11 (-0.09;0.39)**
Range: 6.19
0.47 (0.10;0.83)**
Range: 5.75
0.05 (-0.13;0.16)
Range: 2.40
0.43 (0.06;0.67)**
Range: 3.18
5 (-1;11)**
Range: 58
15 (2;30)**
Range: 119
9.4 (3.5;18.4)**
Range: 110.1
-1.34 (-2.56;-0.23)**
Range: 10.28
0.38 (-0.28;1.88)**
Range: 39.88
1.59 (0.26;4.00)**
Range: 55.15
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yGT reduction (U/l)
Uric acid reduction (µmol/l)
Creatinine reduction (mg/dl)
HOMA index reduction

1 (-1;8)
Range: 23
41.64 (23.80;77.32)**
Range: 197.19
0.1 (0.0;0.1)
Range: 0.6
-0.46 (-0.91;2.56)
Range: 7.46

5 (0;10)**
Range: 537
67.43 (35.69;113.01)**
Range: 327.14
0.0 (-0.1;0.0)**
Range: 0.4
2.05 (0.96;4.29)**
Range: 21.70

Table 53: Summarized correlations for the relationship between the visceral fat mass
reduction and selected parameters for short-term patients (<3 months) and long-term
patients (>3 months). Given are coefficients for correlation: *p<0.05; **p<0.05. Obesity
Rehabilitation Center Insula, Bischofswiesen, Germany. 2007-2008. BMI: Body mass index;
HDL: High density lipoprotein; LDL: Low density lipoprotein; yGT: Gamma glutamyl
transferase; HOMA index: Homeostatic model assessment index.

Visceral fat reduction correlated
with:
Therapy duration (month)
Body weight reduction (kg)
BMI reduction (kg/m2)
Waist circumference reduction (cm)
Fat mass reduction (%)
Systolic blood pressure reduction
(mmHg)
Diastolic blood pressure reduction
(mmHg)
Intima-media thickness reduction
(mm)
Triglycerides reduction (mmol/l)
Cholesterol reduction (mmol/l)
HDL reduction (mmol/l)
LDL reduction (mmol/l)
Serum glucose t=0 reduction (mg/dl)
Serum glucose t=120 reduction
(mg/dl)
Insulin reduction (µg/ml)
Adiponectin reduction (µg/ml)
Interleukin 6 reduction (ng/ml)
C-reactive protein reduction (mg/l)
yGT reduction (U/l)
Uric acid reduction (µmol/l)
Creatinine reduction (mg/dl)
HOMA index reduction

Short-term (<3
months)
0.232
0.701**
0.720**
0.551
0.343
0.274

Long-term (>3
months)
-0.394**
0.497**
0.515**
0.438**
0.142
0.201*

0.491

0.166

0.400

-0.196

0.065
0.484
-0.143
0.638*
-0.291
0.122

0.106
-0.016
0.041
-0.129
0.188
-0.059

0.491
-0.212
0.194
-0.196
0.618*
0.449
-0.014
0.391

0.205*
-0.092
0.263**
0.442**
-0.065
0.198*
-0.016
0.272**
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4. Discussion
The aim of this study was to determine how weight reduction, more specific
visceral fat reduction, in a long-term inpatient treatment in juvenile patients with
severe obesity results in a reduction of cardiovascular risk factors.
There is still some uncertainty regarding the relationship between obesity and
cardiovascular disease [67]. In 1995 at the 27th Bethesda Conference obesity was
classified as a category 2 risk factor, a risk factor that if treated was likely to lower
the incidence of cardiovascular events [48]. The American Heart Association
(AHA) has also identified obesity as an independent cardiovascular risk factor
[105].
When regarding obesity and cardiovascular disease in a univariate analysis only,
many studies have shown a linear relationship. Multivariate analysis including
serum lipids, diabetes and hypertension has shown a less certain relationship. The
PROCAM study [121] was a large study conducted in Münster with a total of
23,616 patients enrolled. It showed, that among patients with a higher BMI, the risk
of mortality due to cardiovascular events was increased in smokers as well as nonsmokers. However this increase in cardiovascular disease was completely accounted
for by the factors contained in the PROCAM risk algorithm. This indicated that not
obesity itself but rather associated risk factors mediate the relationship to
cardiovascular disease.
The main focus of this study - the intra-abdominal fat is the clinically relevant fat. It
is independent of the total body fat [10]. Metabolic complications include insulin
resistance [60], type 2 diabetes [50], dyslipidemia [93], and cardiovascular disease
[11, 82]. There are several recent studies that have researched the association
between intra-abdominal fat accumulation and cardiovascular risk.
The CARDIA Study [79] as one example examined the relationship of abdominal
obesity via the waist girth and waist-hip ratio to coronary artery calcification in
2951 young adults. This study spanned over a timeframe of 15 years. In conclusion,
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abdominal obesity was associated with a higher prevalence of early atherosclerosis
15 years later.
Another study [5] researched the relation between childhood body mass index and
the risk of coronary heart disease in adulthood. The study examined the BMI in
276,835 Danish school children aged 7-13 years and then compared this to the
occurrence of coronary heart disease using the Danish national cause of death
register and the national hospital discharge register. A higher BMI during childhood
was associated with an increased risk of coronary heart disease in adulthood. Males
showed a stronger correlation than females.

4.1. Clinical parameters
4.1.1.

Blood pressure

There are several mechanisms that can explain the relationship between visceral fat
and hypertension. Alvarez et al have demonstrated that muscle sympathetic nerve
activity (MSNA) is associated with visceral obesity [2]. MSNA represents
postganglionic vasoconstrictor nerve traffic. No association was found with
subcutaneous fat [1]. MSNA in turn is associated with hypertension and related
cardiovascular diseases [38].
Bevilacqua et al showed, that visceral fat leads to an increase in free fatty acids
which in turn causes hepatic insulin resistance [9]. Hence visceral fat plays an
important role in decreasing insulin sensitivity [101]. A decrease in insulin
sensitivity in turn is associated with hypertension [52, 57, 118].
There is also evidence that suggests a relationship between CRP and the future
development of hypertension, suggesting that hypertension is in part an
inflammatory disorder [95, 122].
In our study, the starting visceral fat had a similar statistical influence in male and
female patients meaning that a higher starting visceral fat correlated significantly
with a higher starting systolic blood pressure. All patient groups except short-term
patients had a significant reduction in systolic blood pressure. Linear regression and
significant correlation showed that a higher starting systolic blood pressure comes
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with a higher reduction in systolic blood pressure during therapy in the entire
patient collective, males/females and long-term patients. Short-term patients
however showed no significant correlation. The reduction in visceral fat had a
significant influence on the systolic blood pressure reduction only regarding the
entire patients collective as well as the long-term patients.
There was a significant correlation between the starting visceral fat and the starting
diastolic blood pressure for all groups. All patient groups except short-term patients
had a significant reduction in diastolic blood pressure. A higher starting diastolic
blood pressure was significantly correlated with a higher reduction during therapy
for all groups. The reduction of visceral fat had a significant influence on diastolic
blood pressure reduction only for the entire patient collective.
A study was conducted by Nishina et al [94] with 192 obese Japanese children. One
of the aims of this study was to clarify the relationship between systolic blood
pressure and visceral fat accumulation. The authors where able to show, that
visceral fat accumulation elevated the systolic blood pressure via hyperinsulinemia.
The subcutaneous fat as well as the visceral/subcutaneous fat ratio on the other hand
showed a lower influence. This association was regardless of family history of
hypertension.
Kanai et al [68] conducted a study on obese Japanese women, which showed a close
correlation between starting visceral/subcutaneous fat ratio, diastolic, systolic and
mean blood pressure. Changes in visceral/subcutaneous fat were closely correlated
with blood pressure rather than with body weight or other topographic parameters.
This suggests that an increase in visceral fat relative to subcutaneous fat may be
involved in pathogenesis of hypertension in obese subjects. Fasting plasma glucose
and plasma glucose after oral glucose tolerance test were significantly correlated to
changes in blood pressure. This indicates, that a relative decrease in visceral fat may
be related to a reduction of blood pressure via an improvement in glucose tolerance.
Kenai et al reached the conclusion that a loss of visceral fat may induce a fall of
blood pressure in obese hypertensive subjects. The mechanism may involve an
improvement in glucose intolerance brought about by weight reduction.
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Foy et al [42] conducted a study comparing African Americans and Hispanic
Americans. Visceral fat was associated with hypertension independent of total body
adiposity only for women. They were the first to report an association moderated by
gender.

4.1.2.

Intima-media thickness

Intima-media thickness (IMT) has been established as a cardiovascular risk factor.
Grobbee et al [55] showed that IMT can be regarded as an indicator of generalized
atherosclerosis. The Rotterdam Study [15] concluded that IMT can be used as a
surrogate marker for risk of stroke and myocardial infarction. It has been
established in multiple studies, that the IMT in early adulthood is associated with
cardiovascular risk factors that occur during childhood [29, 108]. The association
between visceral fat and IMT is not fully explained.
In our study, we obtained some unexpected results. Neither the whole patients
collective, nor males/females nor short- or long-term patients showed a significant
reduction of IMT after treatment. In fact, male patients even showed a significant
increase in IMT, while the other groups showed a trend towards an increased IMT.
No correlation was found between the starting visceral fat and starting IMT:
Liu et al who had previously reported that visceral fat is closely associated with
cardiovascular risk factors were among the first to conduct a study [86] expecting to
find similar relationships between mesenteric fat and carotid IMT. They recruited
282 patients (129 men, 152 women) with a mean BMI of 23.8 kg/m2. The male
patients had a higher visceral fat and a lower subcutaneous fat thickness than
women. Male patients also showed a higher carotid IMT. They found that IMT was
only associated with mesenteric fat. This correlation was stronger in women.
Elkiran et al [36] conducted a study to determine the association between IMT and
central obesity in overweight school children. A school survey was conducted with
2765 children. Of those 104 were obese or overweight. Included in the study were
obese (n=67) and overweight (n=24) children. There was a control group (n=32) of
non-obese children with similar age and sex. The mean age was slightly lower in
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comparison to our study. Obese and overweight children showed a significant
increase in IMT in comparison to the control group. The IMT correlated with the
BMI, fat mass percentage, diastolic blood pressure, glucose and hsCRP (High
sensitive C-reactive protein). There was also a correlation between the waist
circumference and the IMT.
Habib et al [56] researched the effects of bariatric surgery on inflammatory,
functional and structural markers of coronary atherosclerosis. In this study, 50
consecutive patients underwent Roux-en-Y gastric bypass surgery. The mean IMT
decreased from 0.84 mm to 0.52 mm after 6 months. Only little change occurred at
the 12 and 24-months checkup (0.52 and 0.50 respectively). This showed that
weight reduction leads to sustained cardiovascular risk reduction.
As mentioned above, there are several studies that have linked the loss of visceral
fat to IMT reduction in male as well as female patients. It is not clear, why our
patient collective showed no significant reduction, but in fact male patients even
showed an increase in IMT.

4.1.3.

Lipids and lipoprotein (triglycerides, cholesterol, HDL,
LDL)

Lipids and Lipoproteins that were included in this study were triglycerides,
cholesterol, HDL and LDL. It is known for a long time that there is a relationship
between triglycerides and cardiovascular disease [4, 120]. Even though this has
been observed in many studies [7, 53], when adjusting for other risk factors, the
association often disappears [64]. Visceral fat has been independently associated
with lower HDL [102, 112] and higher triglyceride [102, 112], cholesterol [102,
112] and LDL [102, 112] levels.
In our study, the starting visceral fat influence on the starting triglycerides only
showed a significant correlation in long-term patients. There was a significant
reduction in triglyceride when looking at all patients. Regarding the different
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groups, only male patients and long-term patients showed a significant reduction.
Linear regression showed a moderate statistical influence of the starting
triglycerides on the triglyceride reduction for the entire patients collective. In that
regard, short- and long-term patients showed a similar correlation, however female
patients had a smaller correlation when compared to male patients. The reduction of
visceral fat showed no correlation with triglyceride reduction in all groups.
Unlike other studies [46, 75] no group in our patient collective showed a correlation
between the starting visceral fat and the starting cholesterol. Cholesterol showed a
significant reduction in all patient groups except for short-term patients. Male
patients had a significantly higher reduction than female patients. The starting
cholesterol was significantly correlated to the cholesterol reduction again in all
groups except for short-term patients. There was also no significant correlation
between reduction of visceral fat and cholesterol reduction.
HDL showed no significant change during treatment in all patients groups.
The starting visceral fat showed no correlation with the starting LDL in any group.
All patient groups except for short-term patients showed a significant reduction of
LDL. Male patients had a significantly higher LDL reduction than female patients.
The entire patient collective, male patients and long-term patients showed a
significant correlation between the starting LDL and the LDL reduction. Only shortterm patients showed a significant correlation regarding the visceral fat reduction
and the LDL reduction.

4.1.4.

Carbohydrate metabolism parameters

Glucose as well as insulin have been identified in multiple studies as an
independent risk factor for the development of atherosclerosis as well as
cardiovascular disease [12, 24]. Using the fasting serum glucose levels diabetes can
be diagnosed. Although the fasting serum glucose can also hint towards a disturbed
glucose tolerance, a glucose tolerance test is necessary in order to determine if a
prediabetes is present. Cavalot et al [22] showed, that in order to predict
cardiovascular events in type 2 diabetes, postprandial serum glucose and HbA1C
191

can be used.
Insulin resistance, measured using the HOMA index is an important cardiovascular
risk factor. Its association with visceral fat has been established in studies [17, 73].
However, it is uncertain if this association is causative or correlative [44]. Fukuhara
et al [47] discovered the adipokine visfatin in 2005 which they hypothesized may
link visceral fat with insulin resistance. They were able to show that visfatin shares
properties with insulin. Visfatin caused a reduction of plasma glucose and insulin
concentrations in mice. There is still some uncertainty regarding the relationship
between visfatin and insulin resistance. Davutoglu et al [25] support the claim of a
link of visfatin with insulin resistance, however Oki et al [97] found no correlation
between the two.
In our study we tested several parameters with regard to the carbohydrate
metabolism. These included insulin, glucose tolerance test and HOMA-index.
All groups except for short-term patients had a significant reduction of insulin.
There was a significant difference between short- and long-term patients. The
influence of the starting insulin on the insulin reduction was correlated significantly
for all groups. The starting visceral fat was significantly correlated with the starting
insulin for all groups except short-term patients, with men showing a stronger
correlation than women. The visceral fat reduction was significantly correlated with
the insulin reduction for the whole patient collective, males and long-term patients.
In the glucose tolerance test, the reduction of serum glucose (t=0) was significant
for all patients, male and female patients as well as long-term patients. Short-term
patients showed no significant reduction. In all patient groups, the starting serum
glucose (t=0) had a significant correlation with the reduction in serum glucose (t=0)
although the female and short-term patients had a stronger correlation. The starting
visceral fat showed no significant correlation with the starting serum glucose for all
patient collectives. This was also the case for the correlation between the visceral
fat reduction and the reduction in serum glucose.
Regarding the serum glucose at 120 minutes all groups except for short-term
patients showed a significant reduction. All groups showed a significant correlation
192

between the starting serum glucose and the serum glucose reduction. There was no
correlation between the starting visceral fat and the starting serum glucose in any
group. Similarly, there was no correlation between visceral fat reduction and serum
glucose reduction.
The HOMA index reduction was significant for all groups except short-term
patients. Between the male and female patients, there was no significant difference
however long-term patients had a significantly higher reduction in comparison to
short-term patients. There was a strong significant correlation between starting
HOMA and HOMA reduction for all groups although the correlation was stronger in
long- than in short-term patients. The correlation between starting visceral fat and
starting HOMA was significant for all groups except for short-term patients, with a
stronger correlation in male than female patients. The correlation between visceral
fat reduction and HOMA reduction was significant for the entire patient collective,
male and long-term patients.
Park and Lee [100] conducted a study in order to investigate the effects of visceral
fat reduction vs. subcutaneous fat reduction on parameters of the metabolic
syndrome. Enrolled in this study (n=85) were 38 patients with visceral obesity and
47 with subcutaneous obesity aged 15-60 years at the Obesity Clinic at the Asan
Medical Center, Seoul, Korea. All patients underwent a 12-week weight reduction
program consisting of lifestyle modification and adjuvant pharmacotherapy using
an appetite suppressant. Patients consumed about 1000 kcal a day of a carbohydrate
rich diet. The patients with visceral obesity lost on average 6.5 kg in the 12 weeks.
The fasting plasma glucose was reduced by 9.0±19.8 mg/dl, insulin was reduced by
4.4±4.7 µU/ml, and the HOMA index was reduced by 1.3±1.2. There was a
significant association of visceral fat tissue with fasting plasma glucose as well as
HOMA index. The same did not apply for subcutaneous fat tissue.
In their study, Park and Lee postulated, that the relatively small weight loss might
translate to a significantly improved risk profile with additional visceral fat loss. In
comparison, their patient collective lost 22.5% of their visceral fat. In our study,
patients lost 19.6% of the visceral fat. However, it must be mentioned that different
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measurement techniques were used. Park and Lee used computer tomography
whereas we used ultrasound. However, we obtained similar results regarding the
correlation between reduction in HOMA and fasting serum glucose with reduction
of visceral fat. In our study, male patients showed a stronger influence of the
visceral fat reduction on the reduction of the HOMA index. Although no significant
influence in regard to the fasting serum glucose (0 min) a trend was visible that
favored the males. Unfortunately Park and Lee did not divide their patient collective
according to gender, so no comparison can be made in this regard.

4.1.5.

Adiponectin

Adiponectin is an adipocyte derived cytokine. It is produced less in patients who are
overweight and obese. Adiponectin together with other hormones such as leptin and
insulin plays an important part in regulating hunger. The insulin sensitivity is also
decreased by a low adiponectin level. This in combination with genetic factors can
promote the development of type 2 diabetes. Mantzoros et al [88] found that higher
adiponectin levels are associated with better glycemic control, more favorable lipid
profile and reduced inflammation in diabetic women. In regard to cardiovascular
risk, Rothenbacher et al [116] came to the conclusion that adiponectin was strongly
correlated with lipoproteins and apolipoproteins and to a lesser degree correlated
with markers of inflammation (CRP, IL6).
As expected, all patient groups except for short-term patients had a significant
increase in adiponectin. There was a significant correlation between the starting
adiponectin and the adiponectin increase for all groups. The starting visceral fat
showed no significant correlation with the starting adiponectin. Also, no significant
correlation occurred between visceral fat reduction and adiponectin increase.
In a recent study, Lira et al [85] researched how visceral fat decrease during a longterm therapy correlates with adiponectin levels in obese adolescents. Patients
(n=54) undertook a 1 year multidisciplinary therapy which focused on adapting
sedentary lifestyle and nutritional habits. They then selected 18 adolescents who
lost more than 5% fat mass. During the course of the therapy, visceral fat was
194

negatively correlated with adiponectin. Visceral fat was decreased by 49% whereas
adiponectin was increased by 33%. They were able to show a strong negative
correlation between visceral fat and adiponectin.
In comparison, our patient collective decreased the visceral fat by 32.2% and the
adiponectin was increased by 19.4%. However, in regard to the correlation between
visceral fat reduction and adiponectin reduction we could not find such a strong
correlation. Male patients however showed a much stronger negative correlation
than female patients although both were not significant. It is unclear how this
difference came to be since the patient collective was very similar (BMI 37.0 vs
39.2 kg/m2 in our study), the similar interventional approach as well as comparable
measurement techniques used for visceral fat.

4.1.6.

Inflammatory markers

It has been apparent for some time, that there is an association between systemic
inflammation and atherosclerosis. This association has been shown for the general
public [113], as well as patients with chronic renal insufficiency [143]. However,
while patients with renal insufficiency deliver a plethora of reasons for increased
inflammatory markers including missing renal clearance function and the dialysis
procedure itself, such a connection in the general healthy public cannot be made
quiet so easily. Recently, evidence emerged, that visceral fat plays an important
factor in the increase of inflammatory markers [19]. It should also be mentioned
that inflammatory markers (C-reactive protein) has been shown to be a stronger
predictor of cardiovascular events than LDL cholesterol [114].
In this current study, all patient showed a significant reduction of CRP during
treatment. There was no significant difference between male/female or short/longterm patients. There was a significant correlation between starting CRP and CRP
reduction for all patient groups. However, this correlation was stronger in females
than males. Except for short-term patients, all groups showed a significant
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correlation between the starting visceral fat and starting CRP with a stronger
correlation in males than females. With the exception of short-term patients, all
groups had a significant correlation between the visceral fat reduction and CRP
reduction. The correlation was again stronger in male than female patients.
Lemieux et al [83] studied how CRP relates to a wide range of BMI (21-41kg/m2)
and visceral fat in adult men (n=159). They could show that total body fat correlated
best with CRP levels. However, the highest CRP levels were observed in patients
with increased total body fat and visceral fat accumulation. CRP levels in patients
with only an increased total body fat were similar to patients with only increased
visceral fat.
Tchernof et al [129] conducted a study in Québec to examine how weight loss
relates to reduced plasma CRP levels in obese postmenopausal women (n=61). They
found that CRP correlates significantly with visceral adipose tissue. Although in
their cohort, the best predictor of plasma CRP level was total body fat mass.
We can confirm in our patient collective, that there is also a relationship between
starting total body fat and starting CRP. However, the linear regression as well as
the correlation showed that starting visceral fat has a stronger influence. The
different results may possibly be explained due to the extreme difference in patient
BMI with a range from 21-41 vs 28-87 kg/m2 in our study. It is difficult to
determine the exact cause for the different results due to the different measurement
of the visceral fat, computer tomography vs dual energy x-ray absorptiometry vs
ultrasound technique.
A study [14] conducted in Sao Paulo tested how C-reactive protein corresponds to
weight loss in hypertensive women (n=30). The patients were divided into two
groups, one with a low-calorie diet and the other with an added dose of 120 mg
Orlistat (lipase-inhibitor) three times a day. Patients (n=24) with a weight loss
greater than 5% were then selected and assessed. CRP showed no significant
reduction, however a tendency towards decreased levels. The change in CRP
showed no correlation to reduced body weight, however there was a correlation to
the decrease in waist circumference. In conclusion, the authors suggested that the
decrease in visceral fat is in large part responsible for the decrease in CRP.
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In our study, there was a significant reduction in CRP for female and male patients.
There was a clear correlation between CRP and visceral fat, most notably for male
patients. Perhaps the comparably low reduction in weight of this study (8% in both
groups against a median reduction of 18.1% in our study) in connection with a
patient collective consisting only of female patients who showed a lower correlation
in our study caused the reduction in CRP to not be significant. The correlation of
CRP with the decrease in waist circumference coincides with our study.
Campbell et al [21] studied the impact of a yearlong exercise intervention on CRP
levels in obese postmenopausal women. In this trial, patients (n=115) were recruited
from a parent trial (n=173). The patients were then randomized (stratified to ensure
equal distribution) into an exercise group (n=53) and a control group (n=62). At
baseline, there was no significant difference in CRP between the two groups. After
12 months however, the exercise group showed a significant decrease relative to the
control group.
Regarding interleukin 6 in our study all patients showed a significant reduction with
no significant difference between male/female or short/long-term patients. All
groups had a significant correlation between starting IL6 and IL6 reduction. The
correlation was much stronger in female than male patients. All groups except for
short-term patients had a significant correlation between starting visceral fat and
starting IL6. The correlation was much stronger for male than female patients. Only
all, male and long-term patients had a significant correlation between visceral fat
reduction and IL6 reduction.
The study by Lira et al [85] mentioned above also analyzed interleukin-6 in relation
to visceral fat reduction during a long-term interdisciplinary lifestyle therapy. This
study performed in adolescents during a 1 year therapy found a positive correlation
between IL6 levels and visceral fat. They found no significant statistical difference
between men and women however there was a tendency for proinflammatory
cytokine levels to be higher in male patients. In terms of IL6 our study got vastly
different results. Male patients had a lower starting IL6 as well as a higher
reduction. We also found that while male patients had a significant correlation
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between visceral fat reduction and IL6 reduction, females did not.

4.1.7.

yGT

The gamma-glutamyltransferase has long been used only as a general marker for the
function of the liver and its biliary tract and specifically as a marker for chronic
alcohol abuse. In 2004 Pompella et al [106] published a study which suggested that
yGT is also associated with cardiovascular disease. In 2005 a study conducted by
Ruttmann et al [117] monitored a large cohort of 163,944 Austrian adults for 17
years in order to evaluate yGT as an individual predictor for risk of death from
cardiovascular disease. They were able to show that yGT was positively associated
with fatal events of chronic coronary heart disease, congestive heart failure,
hemorrhagic and ischemic stroke and myocardial infarction. When looking at the
subgroups they discovered that yGT shows a stronger relationship for the younger
participants. These results have since been confirmed in several studies [43, 80, 91].
There is also an apparent connection between visceral fat and yGT. Mochiyuki et al
[92] conducted a study on 315 Japanese patients at health checkups. They
concluded, that accumulation of visceral fat is positively correlated with yGT
activity, independent of subcutaneous fat.
In this current study except for short-term patients, all patient groups had a
significant reduction in yGT. Male patients reduced yGT significantly more than
female patients. Only female patients had a significant correlation between the
starting yGT and the yGT reduction. Unlike the other groups, female patients and
short-term patients did not show a significant correlation regarding starting visceral
fat and starting yGT. Only short-term patients showed a significant correlation
between the visceral fat reduction and yGT reduction.
Pozzato et al [107] conducted a study to determine the liver fat change in obese
children after a one-year intervention focusing on nutrition behavior. Included in
this study were 26 children aged 6-14 years. At the start of the therapy, hepatic
steatosis was prevalent in 34.6%. After completion of the intervention, only 7.7% of
patients showed a hepatic steatosis. Among other parameters, yGT was significantly
198

reduced at the end of the intervention. Similarly in our study, both male and female
patients were able to reduce their yGT during the therapy. However, the male
patients had a significantly larger reduction.
Stratznicky et al [126] conducted a study (n=63) to determine the effect of calorie
restriction in combination with exercise training on liver enzymes in obese subjects.
Patients were randomized for a 12-week period. One group only underwent caloric
restriction, while the other also underwent exercise training. In their cohort, visceral
fat reduction independently predicted the yGT reduction. Although patients in our
study also showed a similar percentage reduction in yGT, no significant correlation
with visceral fat could be found.

4.1.8.

Uric acid

There are differing opinions regarding uric acid when it comes to cardiovascular
risk factors. Uric acid has been associated with cardiovascular risk since the late
19th century. Several studies have linked uric acid to hypertension [40, 69],
metabolic syndrome [81, 119], coronary [35] and cerebrovascular [6, 103] artery
disease and kidney disease [41, 144]. The Framingham heart study group [27]
however came to the conclusion that uric acid has no causal role in the development
of coronary heart as well as cardiovascular disease. They concluded, that any
apparent association is more likely due to an association with other risk factors for
cardiovascular disease. Matsuura et al [90] suggested that obesity related
hyperuricemia may be affected by the fat distribution. These results were
corroborated by Takahashi et al [128] as well as Tamba et al [127].
In our study, all groups showed a significant reduction of uric acid with no
significant difference between the male/female or short/long-term group. The
starting uric acid and uric acid reduction was significant for all groups except shortterm patients. The starting visceral fat was significantly correlated with the starting
uric acid only in all and long-term patients. Also, the visceral fat reduction was
significantly correlated to the uric acid reduction only in all and long-term patients.
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Krzystek-Korpacka et al [78] conducted a study on 113 overweight/obese children
and adolescents who underwent a one year weight reduction program consisting of
diet and exercise. In their cohort the female patients showed a higher percentage
reduction similar to our study. The reduction of waist-to-hip ratio as a measure for
visceral fat correlated positively in females with the reduction in uric acid. Female
patients who took metformin showed a stronger reduction. In male patients on the
other hand, serum uric acid reduction was significant only in the patient group that
took metformin, and it was negatively correlated with the waist-to-hip ratio. They
also found, that weight loss does not condition a uric acid reduction.

4.1.9.

Creatinine

There are a number of studies that have shown that serum creatinine may act as an
independent predictor of cardiovascular disease mortality [45, 124]. These studies
focused on patients with specific comorbidities such as stroke and hypertension.
The Hypertension Detection and Follow-up Program Cooperative Group [65]
followed up on 10,940 persons for 5 years in a randomized controlled trial for the
treatment of hypertension. They were able to show that an aggressive treatment of
hypertension can reduce renal damage and consequently reduce the associated risk
of mortality. Wannamethee et al [131] conducted the British Regional Heart Study
which followed 7735 men aged 40-59 over the course of 15 years. They also
concluded that an elevated serum creatinine was associated with a significantly
increased cerebrovascular risk in hypertensive patients, however they also showed
that the same was true for normotensive patients.
The creatinine in our study was significantly reduced in the full patient collective as
well as long-term patients. The starting creatinine was significantly correlated to the
creatinine reduction in the full patient collective and long-term patients. There was
no significant correlation between starting visceral fat and starting creatinine. There
was also no significant correlation regarding the visceral fat reduction and
creatinine reduction.
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4.2. Conclusion
In conclusion, the entire patient collective lost a significant amount of visceral fat
during their therapy. This was the case for male and female as well as short- and
long-term patients.
Unlike female patients, male patients had a significant reduction of triglycerides.
However male patients also showed a significant increase in intimal media
thickness (IMT). The reason for the increase in IMT is not clear, however it should
be mentioned that all patient groups showed a similar trend as the males. Both male
and female patients showed a significant reduction of body weight, BMI, waist
circumference, fat mass, systolic and diastolic blood pressure, cholesterol, LDL,
glucose tolerance test, insulin, interleukin 6, CRP, yGT, uric acid, creatinine and
HOMA index. Both male and female patients showed a significant increase of
serum levels of adiponectin. No change occurred regarding HDL-cholesterol levels.
For male and female patients visceral fat reduction was significantly correlated with
therapy duration, reduction of body weight, BMI, waist circumference and CRP. For
male patients visceral fat reduction was additionally correlated with reduction of
insulin, interleukin 6 and HOMA index. For female patients visceral fat reduction
was correlated with reduction of uric acid and creatinine.
Long-term patients had a significant reduction of all parameters except for HDL and
IMT which showed no significant change. Short-term patients on the other hand
only showed a significant reduction of body weight, BMI, waist circumference,
interleukin 6, CRP and uric acid. This shows that while a short-term therapy can
lead to a significant weight loss, it has little immediate effect on parameters of
cardiovascular risk. For short- and long-term patients, visceral fat reduction was
significantly correlated with a reduction of body weight. Short-term patients
showed an additional correlation of visceral fat reduction with a reduction of LDL
and yGT. Long-term patients showed an additional correlation of visceral fat
reduction with therapy time and a reduction of: waist circumference, systolic blood
pressure, glucose tolerance test, insulin, interleukin 6, CRP, uric acid and HOMA
201

index. Further research will need to be conducted to see whether the significantly
lower visceral fat reduction of short-term patients in comparison to long-term
patients may still have an effect over a longer period of time after therapy.

202

5. Abstract
The aim of this study was to investigate how an inpatient obesity treatment of
adolescent and young adult patients, focusing on lifestyle modification, diet and
physical exercise can reduce visceral fat and how this influences cardiovascular risk
factors. Comparisons were made between male/female patients as well as short-term
(<3 months) and long-term (>3 months) treatment.
Data from 125 consecutively admitted patients aged 12 to 31 years who took part in
a therapy at the Obesity Rehabilitation Center Insula in Bischofswiesen were
enrolled into a prospective non-randomized study from January 2007 to October
2008. Parameters beside visceral fat measured by sonography were body weight,
BMI and fat mass (measured via bio impedance analysis), waist circumference,
blood pressure, intima-media thickness, a glucose tolerance test, HOMA index and
serum concentrations of triglycerides, cholesterol, HDL, LDL, insulin, adiponectin,
interleukin 6, CRP, yGT, uric acid and creatinine.
Male and female patients showed significant correlations between visceral fat
reduction and therapy duration, reduction in body weight, BMI, waist circumference
and CRP. Only female patients showed a significant correlation between visceral fat
reduction and reduction of fat mass, uric acid and creatinine. In contrast, only male
patients showed a significant correlation between visceral fat reduction and
reductions in serum insulin, interleukin 6 and HOMA index.
In short- and long-term treatment groups a significant correlation between visceral
fat reduction and reduction of body weight and BMI was seen. Only short-term
patients showed a significant correlation between visceral fat reduction and
reduction of LDL and yGT. In contrast, only long-term patients showed a significant
correlation between visceral fat reduction and reduction of waist circumference,
systolic blood pressure, glucose tolerance test, therapy duration and serum levels of
insulin, interleukin 6, CRP, uric acid and HOMA index.
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The therapy at the Obesity Rehabilitation Center Insula led to a significant weight
reduction. The mean reduction in body weight for all patients was 23.3 kg ± 14.5
(min: 2.5 kg, max: 93.8 kg). The mean reduction in BMI for all patients was 8.2
kg/m2 ± 4.7 (min: 0.9 kg/m2, max: 33.8). This effect was more pronounced in male
patients than in female patients. A long-term therapy led to a significantly higher
weight reduction than the short-term therapy. Associated with the weight reduction
was a significant reduction of the visceral fat tissue. The mean reduction in visceral
fat for all patients was 17.7 mm ± 15.7 (min: -30.5 mm, max: 72.8 mm). The
reduction of visceral fat was significantly higher in long-term patients than in shortterm patients. There were significant differences in regard to the visceral fat
reduction and its influence on other cardiovascular risk factors between male and
female as well as between short- and long-term patients.
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