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viation scores (BMI-SDS) were analyzed in a 2-year follow-up 
and grouped according to BMI-SDS changes. Multiple logis-
tic regression analyses were conducted to assess associa-
tions between sociodemographic factors and weight pat-
terns.  Results:  2-year follow-up data were available in 3,135 
patients (54.6% female). Five distinct weight trajectories 
‘rapid weight loss’ (n = 735, 23.4%), ‘delayed success’ (n = 
697, 22.2%), ‘cycling weight’ (n  = 43, 1.4%), ‘initial weight 
loss’ and ‘weight rebound’ (n = 383, 12.2%) and ‘no weight 
loss throughout’ (n = 1,277, 40.7%) best characterized long-
term BMI-SDS changes. Younger and male patients were 
more likely to reduce weight and maintain weight loss.  Con-

clusions:  Our results suggest that an intervention before the 
onset of puberty seems promising for long-term weight 
maintenance in overweight children. Thus, new concepts 
are needed to improve long-term treatment success in pa-
tients with lower success rates.  © 2014 S. Karger AG, Basel 
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 Abstract 

  Background:  Pediatric lifestyle interventions have positive 
short-term effects on obese patients. Studies on long-term 
effects are still scarce in Europe. We investigated long-term 
weight patterns and sociodemographic predictors of a 
weight change in a large Central European (Germany,  Austria 
and Switzerland) overweight pediatric cohort.  Methods:  The 
APV (Adiposity Patients Verlaufsbeobachtung) database 
was retrospectively analyzed; 157 specialized childhood 
obesity centers contributed standardized data of 29,181 pa-
tients [body mass index (BMI)  ≥ 90th percentile; 5–25 years 
old] presenting between 2000 and 2012. BMI standard de-
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 Introduction 

 Approximately 15% of children/adolescents living in 
Germany are overweight or obese  [1] . This presents a tre-
mendous public health concern since childhood obesity 
is linked to a range of cardiovascular and metabolic risk 
factors, such as hypertension, type 2 diabetes and hyper-
lipidemia  [2] . In addition, it is a significant risk factor for 
adult obesity and more severe obesity in adulthood  [3, 4] . 
Weight loss is known to improve cardiovascular risk fac-
tors, and this benefit appears to persist as long as weight 
reduction is maintained  [5] . Multidisciplinary and be-
havior-oriented lifestyle interventions constitute the cor-
nerstone of therapy in pediatric obesity  [6, 7] . Several sys-
tematic reviews of the treatment of childhood obesity 
showed clinically meaningful effects of short-term life-
style interventions  [8–10] . As obesity is a chronic disease, 
maintenance of a stable weight after an initial weight loss 
constitutes a considerable challenge  [11] . Interestingly, 
10–20% of individuals successfully maintain a decreased 
body weight following a lifestyle intervention program 
 [12, 13] . Studies indicate that several biological factors, 
such as appetite-regulating hormones  [14] , demographic 
factors, such as age  [15, 16] , psychosocial factors, like ma-
ternal depression  [17] , treatment-response-related fac-
tors, such as change in body mass index (BMI) standard 
deviation scores (SDS) during the 1st year of intervention 
 [15] , and presence of familial obesity  [17]  may be predic-
tive of long-term weight maintenance. Overall research 
on long-term weight change patterns and predictors of 
weight changes in children/adolescents following lifestyle 
interventions is scarce but important in order to create 
individualized treatment approaches. Therefore, we ana-
lyzed a large health care database of overweight/obese 
children/adolescents/young adults who were followed up 
for at least 2 years. The objectives of this study were to 
provide frequencies of different BMI-SDS change pat-
terns and to identify associations between pretreatment 
sociodemographic characteristics and different long-
term weight patterns. 

  Methods 

 Study Cohort and Design 
 This is a retrospective study with data drawn from the APV 

(Adiposity Patients Verlaufsbeobachtung) registry, a large data-
base for quality assurance for certified in- and outpatient pediatric 
obesity treatment centers in Germany, Austria and Switzerland 
 [18] . The APV software enables longitudinal documentation of 
anthropometric parameters, metabolic control and treatment mo-

dalities. Twice a year, data are transmitted anonymously to the 
University of Ulm for central analysis. Central analysis was ap-
proved by the Ethics Committee of the University of Ulm, and each 
participating center had to comply with the ethical and data man-
agement guidelines of the local institution. To avoid bias resulting 
from different therapeutic settings, our study only included mul-
tiprofessional pediatric obesity centers that offered standardized 
multidimensional lifestyle intervention programs, comprising nu-
tritional counseling, exercise, implementation of behavior modifi-
cation and parental training according to the specifications of the 
Guidelines of the German Working Group of Childhood Obesity 
(AGA)  [6] .

  For the purpose of this study, data from 29,181 children/ado-
lescents/young adults (49.3% boys) presenting for lifestyle inter-
vention in the years 2000–2012 to one of the 157 outpatient centers 
specialized in pediatric obesity were selected according to the fol-
lowing inclusion criteria at initial presentation: age 5–25 years and 
overweight or obesity/extreme obesity. Patients with appetite or 
weight-affecting medications or bariatric surgery, as well as pa-
tients with syndromic, drug-induced or endocrine causes of over-
weight/obesity were excluded from the analysis. 

  Assessments 
 Anthropometric Data 
 In the APV cohort, anthropometric parameters are document-

ed routinely according to standardized AGA specifications, as de-
scribed previously  [18] . Weight status was assessed by BMI [body 
weight (kg)/body height (m) 2 ]. The degree of overweight was 
quantified using Cole’s Box-Cox transformation, expressing BMI 
as SDS  [19] , based on German-population-based reference data, 
as recommended by the International Task Force of Obesity  [20, 
21] . A cutoff  ≥ 1.28 SDS (90th percentile) was applied to classify 
overweight, a cutoff  ≥ 1.88 SDS (97th percentile) to classify obe-
sity, and a cutoff  ≥ 2.58 (99.5th percentile) to classify extreme obe-
sity  [6] .

  Sociodemographic Data 
 In addition to anthropometric data, the APV registry collects 

self-reported family sociodemographic variables, such as migra-
tion background, school type, family setting, parental employ-
ment situation, age and gender. In this study, we analyzed the as-
sociation between these patient characteristics and the long-term 
weight change pattern. The study population was divided into the 
following three age categories: 5–11, 12–15 and 16–25 years. Ac-
cording to Schenk et al.  [22] , a child/adolescent was defined as 
having a migration background if at least one parent immigrated 
from a country outside of Austria, Switzerland or Germany. 
School education was coded as children/adolescents attending 
regular schools versus children/adolescents attending schools for 
children with special needs, including children with learning dis-
abilities, which is referred to as ‘special school’ in the following. 
Parental employment status was coded as at least one parent un-
employed versus both parents employed. Family structure was de-
fined as either living with only one/no parent versus two-parent 
families.

  Long-Term Weight Change Patterns 
 Depending on the organizational structure of the treatment 

center, the interval between patient visits differed between the 
centers. To make time points comparable, our study time points 
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were defined as follows: 0 month (BMI obtained at the first visit, 
i.e. on days 0–7), 6 months after initiation of therapy (BMI ob-
tained between 4 and 9 months), 12 months after initiation of 
therapy (BMI obtained between days 274 and 547) and 24 months 
after initiation of therapy (BMI obtained between days 548 and 
912). 

  To examine patient weight trajectories, only patients with 
available BMI-SDS values at all four time points were included. 
When more than one BMI value was available within one of the 
above-outlined time intervals, the average BMI was calculated. 
We defined treatment success using the definition proposed by 
the AGA Group  [18] : a reduction in BMI-SDS of at least 0.2, 
which corresponds to a weight reduction of 5%, was used to 
define the success of weight reduction and maintenance in 
adults.

  Long-term BMI-SDS changes were examined and patients 
were categorized into five groups: ‘rapid success, weight mainte-
nance’ (reduction in BMI-SDS within 6 months of at least 0.2 and 
no increase in BMI-SDS above this cutoff point thereafter); ‘de-
layed success, weight maintenance’ (weight maintenance: reduc-
tion in BMI-SDS of at least 0.2 after 1 year and no increase in BMI-
SDS above this cutoff point thereafter); ‘cycling’ (reduction in 
BMI-SDS within 6 months by at least 0.2, increase above this cutoff 
point after 1 year and reduction of at least 0.2 compared to baseline 
after 2 years); ‘initial success, rebound’ (reduction in BMI-SDS 
within 6 months by at least 0.2, but increase above this cutoff point 
after 1 year and/or 2 years) and ‘no success’ (neither after 6 months 
nor after 1 or 2 years a reduction in BMI-SDS of at least 0.2 com-
pared to baseline).

  Patients in the BMI pattern categories: ‘rapid success’, ‘delayed 
success’ and ‘cycling’ were considered to be successful. 

  Statistical Analysis 
 Statistical analyses were completed using SAS version 9.4 

(SAS Institute, Cary, N.C., USA). Data are presented as means ± 
SD or prevalence in percent. Statistical differences between the 
selected APV study population and the entire APV population 
were tested using the Kruskal-Wallis test for continuous variables 
and the χ 2  test for categorical data. Bonferroni’s test was used to 
correct for multiple testing. Multiple logistic regression analyses 
with BMI-SDS patterns as dependent variable were used to assess 
the impact of the following variables on BMI patterns over time: 
age, sex, initial BMI category, type of school, migration back-
ground, familial living situation and parental employment. Each 
BMI-SDS long-term pattern was compared to the pattern ‘no suc-
cess’ as reference. Results are reported as odds ratios (OR) and 
95% confidence intervals (CI). Values of p < 0.05 were regarded 
as statistically significant.

  Results 

 Study Cohort 
 A flowchart of the patient selection process is given in 

 table 1 . A total of 28,574 patients fulfilled the inclusion 
criteria; 5,182 (18.1%) of them were followed for at least 
2 years. Complete follow-up data were available for 3,135 
(11.0%) patients, i.e. data at baseline and for the 6-, 12- 
and 24-month follow-ups, to be able to calculate long-
term weight patterns. 

 Table 1.  Flowchart

 29,181 patients
in the data base

↓
28,574 (100%) patients
meeting inclusion criteria

↓
13,456 (47.1%) patients with
documentation ≥6 months

↓
11,225 (39.3%) patients with
documentation ≥1 year → 935 (3.3%) patients with

gaps in 1st-year documentation

↓ ↘
5,108 (17.9%) patients with
continuous documentation for 1 year, 
no further follow-up

5,182 (18.1%) patients with
documentation ≥2 years

↓ ↘ 2,047 (7.2%) patients with
gaps in 2nd-year documentation

3,135 (11.0%) patients with
continuous documentation ≥2 years

↙ ↙ ↘ ↘ ↘
735 (23.4%) 697 (22.2%) 43 (1.4%) 383 (12.2%) 1,277 (40.7%)
rapid success delayed success cycling rebound no success
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  Baseline data of all patients fulfilling the inclusion 
criteria and of those with continuous documentation 
over 1 and 2 years, respectively, are listed in  table 2 . Pa-
tients with complete data over 2 years differed from the 
entire study population with regard to the age group 
5–11 years (all vs. 2-year follow-up: 56 vs. 59.9%, respec-
tively) and BMI category ‘obesity’ (whole sample vs. 
2-year follow-up: 48.7 vs. 51.1%). The percentage of pa-
tients with migration background was higher in patients 
with complete data for 1 and 2 years compared to all 
patients documented in the APV registry (whole sample 
vs. 2-year follow-up: 12.7 vs. 13.2%). Female patients 
were overrepresented in the study population irrespec-
tive of the follow-up. However, due to the large cohort 
size and the moderate pretreatment differences between 
groups, we consider the analysis of the patients included 
to be valid.

  Longitudinal BMI-SDS Changes 
 Altogether, 47.1% of the patients successfully main-

tained a weight reduction of 0.2 BMI-SDS 2 years after the 
initiation of treatment ( table 2 ). The time course of weight 
changes over 2 years, expressed as BMI-SDS, is depicted 
in  figure 1 .

  The mean decrease in BMI-SDS after 6 months was 
similar in patients with rapid success, initial success (later 
rebound) and weight cycling (–0.46 vs. –0.25 vs. –0.3 
BMI-SDS). In patients with rapid success and weight 
maintenance, BMI-SDS further decreased over time, 

reaching the lowest mean values of all patient groups after 
2 years (BMI-SDS 1.79 ± 0.62). 

  The other patient groups, whose weight course was 
also defined as success after 2 years, reached slightly 
higher mean BMI-SDS (delayed success: 1.92 ± 0.57; 

 Table 2.  Baseline data of the study population

All APV 
patients 
(n = 28,574)

Continuous follow-up for 
1 year, no further follow-up 
(n = 5,108)

Continuous 
follow-up for 2 years 
(n = 3,135)

Age group 
5–11 years 56.0% 55.1% 59.9%

12–15 years 38.7% 41.1% 37.3%
16–25 years 5.3% 3.9% 2.8%

Female 50.7% 53.0% 54.6%
BMI category at baseline

Overweight 14.1% 13.8% 13.1%
Obese 48.7% 51.5% 51.1%
Extremely obese 37.2% 34.7% 35.8%

BMI-SDS at baseline (mean ± SD) 2.44±0.53 2.41±0.49 2.42±0.51
Treatment success (BMI-SDS reduction ≥0.2) 41.3% 47.1%
Attendance of school for children with special needs 2.0% 2.0% 1.9%
Migration background 12.7% 13.6% 13.2%
Living with one or no parent 10.4% 12.6% 9.6%
At least one parent unemployed 4.7% 5.0% 5.7%

1.0
0 6 12 18 24

1.5

2.0

2.5

3.0

BM
I-S

DS

Time (months)

  Fig. 1.  Time course patterns of weight, expressed as BMI-SDS 
(means ± SD).  ◆  = No success throughout; ⚫ = initial success, re-
bound;  ▲  = rapid success, weight maintenance; x = delayed suc-
cess, weight maintenance; ◼ = cycling. 
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weight cycling: 1.97 ± 0.51) values after 2 years. Patients 
with weight rebound showed a BMI-SDS reduction after 
6 months and 1 year, which was comparable to patients 
with weight cycling or delayed success, but after 2 years, 
the mean BMI-SDS was similar to the baseline value (ini-
tial BMI-SDS vs. 2-year BMI-SDS weight rebound group: 
2.37 ± 0.51 vs. 2.38 ± 0.55). Patients without treatment 
success throughout the observation period had a higher 
BMI-SDS value after 2 years compared to baseline (initial 
BMI-SDS vs. 2-year BMI-SDS: 2.45 ± 0.51 vs. 2.58 ± 
0.54).

  Associations between Sociodemographic Variables and 
BMI-SDS Change Patterns 
 To assess the effect of patient characteristics on long-

term BMI-SDS patterns, logistic regression was per-
formed to investigate potential predictors of long-term 
BMI-SDS patterns ( table 3 ). Thus, being male appeared 
as a potential predictor in the BMI-SDS patterns classified 
as treatment success, i.e. ‘rapid success and weight main-
tenance’ [OR: 1.36 (95% CI: 1.13–1.74)], ‘delayed success 
and weight maintenance’ [OR: 1.45 (95% CI: 1.2–1.75)] 
and ‘cycling’ [OR: 2.08 (95% CI: 1.1–3.96)]. In addition, 
the results demonstrated 44–60% lower odds of having a 
successful long-term BMI pattern for adolescents in the 
group aged 12–15 years compared to children aged 5–11 
years. Similar results where found when all patients with 

successful BMI-SDS patterns (‘rapid success’, ‘delayed 
success’ and ‘cycling’) were combined in one group and 
compared to those with no weight reduction after 2 years 
(‘no success’ or ‘rebound’). Here, boys showed higher 
odds for treatment success [OR: 1.38 (95% CI: 1.2–1.59)]. 
Patients in the age group of 12–15 years had lower odds 
for successful weight reduction and maintenance com-
pared to patients in the age group of 5–11 years [OR: 0.59 
(95% CI: 0.51–0.69)]. 

  Patients with extreme obesity showed lower odds for 
‘initial treatment success with consecutive weight re-
bound’ [OR: 0.69 (95% CI: 0.48–0.99)] compared to over-
weight patients. Patients with a migration background 
had lower odds of ‘rapid success’ [OR: 0.72 (95% CI: 0.54–
0.96)] and of ‘weight rebound’ [OR: 0.64 (95% CI: 0.43–
0.93)] compared to nonmigrant patients.

  No significant associations between weight course pat-
terns and the variables type of school, family structure 
and parental employment status were observed. 

  Discussion 

 To our knowledge, this study was the first large-scale 
study in Germany to provide frequencies of different lon-
gitudinal weight change patterns and to identify associa-
tions between patient characteristics and BMI-SDS 

 Table 3.  Results of logistic regression analysis: adjusted OR (95% CI) for different weight course patterns in patients followed up for 
2 years

Rapid success/
maintenance1 
(n = 735)

Delayed success/
maintenance1 
(n = 697)

Cycling1 
(n = 43)

Initial success/
rebound1 
(n = 383)

Success (all) 
(n = 1,475)

Sex male (ref. female) 1.36 (1.13–1.74) 1.45 (1.20–1.75) 2.08 (1.10–3.96) 1.10 (0.87–1.39) 1.38 (1.20–1.59)

Age 12–15 (ref. 5–11) years 0.56 (0.46–0.67) 0.56 (0.46–0.68) 0.40 (0.19–0.82) 0.76 (0.60–0.97) 0.59 (0.51–0.69)
16–25 (ref. 5–11) years 0.96 (0.55–1.65) 0.60 (0.31–1.14) 1.04 (0.20–5.41) 1.49 (0.80–2.77) 0.76 (0.43–1.04)

Degree of overweight obese (ref. overweight) 1.26 (0.94–1.69) 1.28 (0.96–1.72) 1.26 (0.46–3.45) 1.06 (0.75–1.48) 1.25 (1.00–1.56)
extreme (ref. overweight) 1.09 (0.81–1.48) 1.03 (0.76–1.41) 1.12 (0.39–3.21) 0.69 (0.48–0.99) 1.14 (0.90–1.44)

Migration background yes (ref. no) 0.72 (0.54–0.96) 0.96 (0.73–1.26) 0.61 (0.18–2.05) 0.64 (0.43–0.93) 0.90 (0.73–1.12)

School for children with 
special needs

yes (ref. no) 0.60 (0.29–1.25) 0.78 (0.39–1.56) n.a. 1.14 (0.53–2.46) 0.67 (0.39–1.15)

Living with one or no parent yes (ref. no) 0.96 (0.69–1.33) 0.89 (0.64–1.24) 0.91 (0.25–3.38) 1.42 (0.99–2.04) 0.83 (0.65–1.06)

At least 1 parent unemployed yes (ref. no) 0.77 (0.50–1.18) 0.88 (0.59–1.33) 0.51 (0.06–3.99) 0.68 (0.39–1.19) 0.90 (0.65–1.25)

 Success (all) = Rapid success + delayed success + cycling vs. no success = initial success/rebound + no success throughout (n = 1,660). Significant values 
(p ≤ 0.05) are shown in italics.

1 Compared to the no success groups (n = 1,277).
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change patterns 2 years after the initiation of a weight loss 
intervention in overweight/obese children/adolescents/
young adults. 

  Despite improvements in weight loss treatment effi-
cacy, weight maintenance after weight loss remains a 
major challenge  [23] , as many obese patients regain 
weight after treatment  [12, 24] . Research has previously 
tried to identify long-term weight patterns for obese pe-
diatric  [25]  and adult  [26]  patients. In our study sample, 
patients with delayed treatment success and patients 
with weight cycling met the criterion for successful 
weight reduction only 2 years after treatment initiation. 
This underlines the importance of long-term treatment 
strategies. Many of the adult obese patients have a his-
tory of repeated attempts to reduce weight. In many cas-
es, an initial weight loss of 5–10% is followed by a great-
er weight regain  [27] , resulting in repeated weight cy-
cling. There is evidence that weight cycling is associated 
with increased mortality in adults  [28] . In our patients, 
only a small number of patients experienced weight cy-
cling (1.4%) within the 2-year observation period. How-
ever, recent study results indicate a shift of the onset of 
a pattern of weight cycling from adulthood towards 
youth  [29] .

  With regard to potential predictors of long-term 
weight changes in our study population, four patient 
characteristics were associated with at least one BMI-SDS 
change pattern.

  The following significant effects could be identified: 
First, the BMI-SDS changes over time were not indepen-
dent of sex. Boys were more successful in long-term 
BMI-SDS reduction compared to girls. Previous studies 
on predictors of long-term changes in BMI after lifestyle 
intervention did not find sex differences  [15, 17] . Sec-
ond, adolescence (age group 12–15 years) was associated 
with low treatment success compared to children aged 
5–11 years. This finding is consistent with a previous 
study that showed that the highest decrease in BMI-SDS 
over 5 years was achieved among the youngest children 
 [25] . This underlines the importance of early interven-
tions in order to treat overweight before puberty. Nev-
ertheless, adolescence is a critical period with regard to 
obesity prevention and treatment, as it is during that 
stage of life that behaviors such as dietary patterns and 
levels of physical activity are largely formed  [30] . Third, 
our findings regarding associations between migration 
background and successful treatment were inconsistent, 
as patients with migration background had both lower 
odds for rapid success followed by weight maintenance 
and for initial success followed by rebound. Studies have 

reported that children with a migration background liv-
ing in Germany have a higher risk of obesity/overweight 
 [1, 31]  and metabolic comorbidities  [32] , and lower 
treatment success rates compared to their native coun-
terparts  [33] . 

  Conflicting data exist on the natural course of weight 
development throughout childhood and adolescence. In 
a large longitudinal cohort study on more than 5,000 chil-
dren, 34% of overweight children became obese between 
7 and 13 years of age  [34] . In a multiethnic school cohort 
(10–12 years of age), the overall prevalence of overweight/
obesity remained stable over a period of 28 months due 
to almost equal incidence and remission rates. However, 
the BMI of African-American girls increased while it de-
creased in African-American boys  [32] .

  Further studies should be performed to improve in-
depth understanding of different long-term weight pat-
terns and its determinants in order to develop more indi-
vidualized treatment strategies that are sensitive to pa-
tients’ needs.

  Methodological Discussion 
 The main strengths of our analysis are the large sam-

ple size and the wide age range. Possible limitations of 
our study include the following: First, our study sample 
is highly selected (treatment-seeking patients and exclu-
sion of severely overweight patients and patients lost to 
follow-up), thus limiting the generalizability of our re-
sults. As often seen in routine anti-obesity treatment, 
there was only a small percentage of patients who had 
complete long-term follow-up (2 years) data available 
(11.0%). We are aware that analyses restricted to par-
ticipants who completed the study are problematic as 
they ignore dropouts who exhibit the greatest barriers to 
success. Second, the routine documentation used for the 
analyses comprised only a limited number of possible 
prognosticators, thus lacking information on other psy-
chosocial parameters that may be predictive of treat-
ment success. Recently, Fröhlich et al.  [35]  identified 
maternal depression and avoidance of closeness, older 
age, and one or more obese siblings as risks for failure 
during weight reduction therapy. Third, we did not ad-
just our analysis for treatment center, which could con-
stitute a confounding factor. However, in a study on 
BMI patterns over 5 years in obese children, the treat-
ment center was not a predictor for long-term treatment 
success  [15] . Our study only included multiprofessional 
pediatric obesity centers that offered standardized mul-
tidimensional lifestyle intervention programs according 
to the specifications of the AGA Guidelines. Fourth, a 
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follow-up for a longer period than 2 years after treat-
ment initiation would be desirable. The time period of 
2 years might not be long enough to detect meaningful 
weight course patterns. For example, we can only specu-
late if successful weight reducers in the youngest age 
group will be able to maintain their weight during pu-
berty. Fifth, BMI-SDS was used as an outcome param-
eter. Although BMI is a good instrument to measure 
overweight, it has its limitations. For instance, an in-
crease in muscle mass can lead to an increase of BMI 
 [36] . Sixth, we did not measure the impact of weight loss 
maintenance on health-related outcomes. Although 
changes in BMI-SDS have shown to be associated with 
a decreased cardiovascular risk, further research is need-
ed to analyze the relative weight change necessary for 
long-term physical benefits among youth.

  Conclusion 

 Using health care data in overweight/obese chil-
dren/adolescents/young adults, we were able to deter-
mine frequencies of different long-term BMI patterns 
and to identify pretreatment characteristics that poten-
tially predict treatment success and weight loss main-
tenance for a period of 2 years. Younger and male pa-
tients were more likely to reduce weight and maintain 
weight loss, whereas patients with migration back-
ground were less successful in rapid weight reduction. 
New obesity treatment concepts are warranted to im-
prove long-term efficacy, especially among vulnerable 
patient groups. Moreover, current treatment concepts 
have to be reviewed as to their suitability for female/
pubertal patients.
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