
466				    VOLUME 20 NUMBER 2 | february 2012 | www.obesityjournal.org

brief reports nature publishing group

Genetics

Recent genome-wide association studies (GWAS) conducted in 
population-based samples assessed for BMI or in case–control 
samples assessed for extreme obesity led to the discovery of  
genetic loci relevant for body-weight regulation (reviewed in  
ref. 1). Taken together variants at 32 loci have been reported to be 
associated to BMI (ref. 2, n = 249,796). In addition, Meyre et al. (3) 
reported five loci to be relevant for extreme obesity (n = 16,982). 
Common to all these studies is their relative focus on adults.

Focusing on children and adolescents, a GWAS meta-analysis 
(ref. 4; n = 2,258) confirmed three known loci for obesity 
(FTO, MC4R, and TMEM18) and provided evidence for two 
new loci (SDCCAG8 and TNKS/MSRA) with the latter finding 
being limited to children and adolescents. A total of 36,468 
individuals (8,092 children and adolescents) were genotyped 
for the confirmation.

Here, we explore the effect of 10 single-nucleotide polymor-
phisms (SNPs) representative of the five loci on measures of 
weight loss and cardiometabolic risk profile change after a life-
style intervention for obese humans. We analyzed the SNPs in 
401 overweight children and adolescents completing a 1-year 
lifestyle intervention. In addition, we investigated the SNPs 
which were significantly associated with weight loss in an inde-
pendent sample of 626 adults who completed a 10-week inter-
vention with a focus on a hypoenergetic diet (NUGENOB).

Baseline characteristics and their changes of the overweight 
children and adolescents who completed the “Obeldicks” inter-
vention are shown in Table 1. Associations of the 10 analyzed 
“obesity-SNPs” to weight loss-related effects are shown in 
Table 2. Genotype-dependent effects on overweight reduction as 
measured by BMI-standard deviation score (SDS) changes were 
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observable for three intronic SNPs of SDCCAG8 (all corrected 
P  < 5.4 × 10−5) even after adjustment for age, sex, baseline 
measurements, and multiple testing. Weight reduction was less 
pronounced the fewer obesity-risk alleles of SDCCAG8 SNPs 
were carried (rs10926984: mean ΔBMI-SDS: 0.21 (nTT = 289), 
0.33 (nGT = 101), 0.61 (nGG = 11)). This effect was robust under 
a number of sensitivity analyses (see Methods and Procedures 
section), present for both sexes but more pronounce in boys 
(rs10926984: β = 0.23 BMI-SDS units/G allele (T being the 
obesity-risk allele); P = 1.4 × 10−7) than in girls (β = 0.09 BMI-
SDS units; P = 0.02). Apart from this effect on BMI-SDS changes, 
another 10 association signals met P ≤ 0.05 (uncorrected)—all of 
which were observed for the SDCCAG8 SNPs. However, no gen-
otype-dependent effect of the SDCCAG8 variants was observed 
for the independent NUGENOB sample (all P > 0.05; Table 3).

We show that intronic SNPs of the obesity gene SDCCAG8 
are involved in weight loss-related effects after a 1-year life-
style intervention in overweight children and adolescents. 
Overweight homozygous carriers of obesity-risk alleles lost 
less weight than heterozygous carriers or homozygous carri-
ers of the other alleles. However, the effect on weight loss was 
not observable in a sample of obese adults who completed a 
10-week hypoenergetic diet program. Apart from this finding 
for SDCCAG8 we observed no weight loss-related effects for 
the genotypes of SNPs at the other four obesity-risk loci which 
underlines previous findings (5–7).

The gene SDCCAG8 is located on the chromosome 1q43–q44 
and was represented by three SNPs, which are located in introns 
6, 9, and 10. SDCCAG8 was not among the 32 loci identified in 
the recent large-scale BMI meta-analysis (2). However, all three 
SNPs showed P values between 0.034 and 0.073 (minimum n  = 
123,844) with effect alleles consistent to those reported inde-
pendently from Genetic Investigation of Anthropometric Traits 
(GIANT) (4). Moreover, mutations in the SDCCAG8 gene were 

shown to be involved in the Bardet–Biedl syndrome (8,9). 
Trunkal obesity is a cardinal symptom of Bardet–Biedl syn-
drome. Thus, one may speculate that variants in SDCCAG8 may 
have an impact on body-weight regulation in general.

Given the lack of confirmation in NUGENOB, this associa-
tion—if true—may either be more easily detectable in children 
or may be triggered by physical activity (as part of “Obeldicks”) 
as compared to just diet changes (NUGENOB). Furthermore, in 
“Obeldicks” no hypocaloric diet was recommended in contrast 
to NUGENOB. Finally, the length of the intervention might also 
be relevant for the observed association (1 year vs. 10 weeks).

The strengths of this study are its longitudinal design, its 
focus on the analysis of variants previously detected by GWAS 
meta-analysis in (extremely) obese children and adolescents, 
as well as the parallel assessment of 10 variables of weight loss 
and cardiometabolic risk change. However, due to the relatively 
small sample size the findings have to be interpreted cautiously. 
Our sample was too small to detect moderate influences of 
SNP genotypes on intervention outcomes. Conversely, stud-
ies on lifestyle interventions in pediatric obesity are difficult to 
perform and genetic data with long-term follow-up is lacking. 
Acknowledging these caveats, our finding should be regarded 
as pilot evidence for an involvement of the SDCCAG8 SNPs in 
weight loss of overweight children and adolescents. Additional 
studies with comparable interventions are warranted as such 
findings may be of greater clinical relevance than obesity-risk 
associations (10,11).

In summary, we found an impact of SNP genotypes of the 
recently identified obesity gene SDCCAG on the outcome of a 
lifestyle intervention for overweight children and adolescents 
supporting the role of this gene region on body-weight regula-
tion. With regard to the validity of our findings and the mod-
erate study sample, subsequent replication studies in a similar 
setting are necessary.

Table 1  Study characteristics of 401 overweight and obese children and adolescents (mean age ± SD: 10.74 ± 2.55 years; 55.4% 
female; 53.9% prepubertal) who completed the obesity lifestyle intervention “Obeldicks”

Baseline Change after intervention (1-year follow-up)

Outcome Mean ± SD 1, 2, 3 quartile Mean ± SD 1, 2, 3 quartile

BMI ± SD (kg/m2) 27.42 ± 4.46 24.53, 26.85, 29.38 0.60 ± 1.96 −0.71, 0.48, 1.78

BMI-SDS 2.37 ± 0.48 2.05, 2.36, 2.65 0.25 ± 0.31 0.04, 0.22, 0.43

SBP (mm Hg) 116.29 ± 14.2 110.00, 111.00, 123.50 4.74 ± 15.37 −3.50, 5.00, 11.00

DBP (mm Hg) 65.94 ± 11.23 60.00, 64.00, 71.50 1.95 ± 13.03 −5.00, 0.00, 10.00

Total cholesterol (mg/dl) 171.67 ± 33.22 152.00, 169.00, 191.00 2.01 ± 27.74 −10.00, 2.50, 16.25

LDL-cholesterol (mg/dl) 105.34 ± 31.79 83.00, 101.00, 124.00 5.71 ± 25 −8.00, 4.00, 21.00

HDL-cholesterol (mg/dl) 50.72 ± 11.19 43.00, 49.50, 58.00 −0.76 ± 10.06 −6.00, −0.70, 4.90

Triglycerides (mg/dl) 106.45 ± 56.56 67.00, 96.00, 130.00 5.27 ± 53.37 −20.25, 0.00, 30.00

Glucose (mg/dl) 85.91 ± 7.79 81.00, 86.00, 91.00 −2.16 ± 29.21 −6.00, −1.00, 4.75

Mean insulin (mU/l) 15.99 ± 11.26 9.30, 13.40, 19.65 0.97 ± 11.51 −3.92, 1.00, 5.43

HOMA 3.48 ± 2.83 1.91, 2.84, 4.14 0.28 ± 2.92 −0.86, 0.22, 1.10

Positive values of changes indicate a reduction in the respective measurement; except for glucose for all general changes P < 0.05 applied using the appropriate 
statistical test; all variables in the fasting status.
BMI-SDS, BMI as a standard deviation score; DBP, diastolic blood pressure; HOMA, homeostasis model assessment; SBP, systolic blood pressure.
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Methods and Procedures
Study subjects and lifestyle intervention
A total of 401 unrelated overweight children and adolescents (mean 
age ± SD: 10.74 ± 2.55 years; 55.4% female; 53.9% prepubertal) were 
ascertained. None of the children suffered from endocrine disorders 
including type 2 diabetes mellitus, familial hyperlipidemia, syndromal 
disorders, and none were on medications. All completed consecutively 
in the 1-year outpatient lifestyle intervention “Obeldicks” (see details in 
refs. (12,13)). Briefly, “Obeldicks” is based on physical exercise, nutri-
tion education, and behavior therapy including individual psychologi-
cal care of the child and his or her family. The nutritional course was 
based on a fat- and sugar-reduced diet as compared to the every-day 
nutrition of German children: The diet contained 30E% fat, 15E% pro-
teins, and 55E% carbohydrates including 5E% sugar.

The association of SDCCAG8 SNPs to weight loss was followed-up 
in up to 626 obese (BMI ≥30 kg/m2) adults who completed the 10-week 
hypoenergetic diet program NUGENOB (see details in refs. 6,14,15); 
Nutrient–gene interaction in human obesity: implication for dietary 
guidelines; www.nugenob.org). Briefly, the diet consistent of either a 
low- or high-fat content. Common to both diets was that daily energy 
intake should equal the estimated daily energy requirement (measured 
basal metabolic rate multiplied by 1.3) minus 600 kcal.

Both studies including their protocols for subject recruitment and 
assessment and the informed consent for participants were reviewed 
and approved by ethics committees or local institutional review boards 
and conducted in accordance with The Declaration of Helsinki. Writ-
ten informed consent was obtained from all subjects and, in case of 
minors, their parents.

Anthropometric and cardiometabolic measures
Overweight in children and adolescents was defined by a BMI >90th 
percentile for German children (16) according to the definition of 
International Task Force of childhood obesity. The degree of overweight 
was quantified as BMI-SDS (17). Systolic and diastolic blood pressure 
was measured using a validated protocol (12,13). Cardiometabolic 
risk measures were assessed in the fasting state commercially avail-
able test kits (Roche Diagnostics, Mannheim, Germany; Boehringer, 
Mannheim, Germany; Ortho Clinical Diagnostics, Neckargemuend, 
Germany; Abbott, Wiesbaden, Germany). Intra- and interassay vari-
ations were <5%. Homeostasis model assessment was used to describe 
the degree of insulin resistance (18).

Details on anthropometric and cardiometabolic measures in  
NUGENOB are described in refs. (6,14,15). In NUGENOB, we focused 
on BMI changes only to replicate the SDCCAG8 findings for ΔBMI-SDS 
in children and adolescents.

For both samples changes of measurements (Δ) were defined as dif-
ferences from baseline such that positive values indicate a reduction in 
the respective outcome.

SNP selection and genetic analyses
We selected all 10 SNP from ref. (4). SNP genotyping in “Obeldicks” was 
performed by the MALDI-TOF mass spectrometry-based iPLEX Gold 
assay (4) with a well-established assay with a discordance rate <0.5% in 
routine duplicates whereas in NUGENOB TaqMan SNP Assays were 
used (Applied Biosystems, Foster City, CA). Further details on genotyp-
ing quality control measures were previously provided (4,6,14,15); for 
example, we observed no evidence for departure from Hardy–Weinberg 
equilibrium (all P > 0.01).

Statistical analyses
In “Obeldicks,” we measured 10 variables of weight loss and cardi-
ometabolic risk change (Table 2). As primary analysis, we performed 
standard linear regression analyses for each variable (changes after 
the intervention) with genotype (under an additive mode of inher-
itance) as predictor while adjusting for age (linear), sex, and the 
respective baseline measurement. To address multiple testing, we Ta
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applied a Bonferroni-corrected αBF = 0.05/100 = 5 × 10−4 (10 variables 
and 10 SNPs). This procedure is conservative as both the variables 
and the SNPs at the same locus are correlated (for SDCCAG8 pair-
wise r2 ranged between 0.93 and 0.99). As sensitivity analyses, we 
checked the robustness of the association of the SDCCAG8 SNPs 
by performing sex-stratified analyses, analyses with two estimators 
for genotypic effects, robust linear regression to check the outliers 
impact and analyses altering the adjustment set (data not shown). In 
NUGENOB, we focused on BMI changes for the SDCCAG8 SNPs. 
Unless stated otherwise, all reported P values are nominal, two-
sided, and not adjusted for multiple testing. We report β effect size 
estimators with 95% confidence intervals.
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