BRIEF REPORTS

nature publishing group

GENETICS

SDCCAGS8 Obesity Alleles and Reduced
Weight Loss After a Lifestyle Intervention in
Overweight Children and Adolescents

André Scherag', Michaela Kleber?, Tanja Boes', Andreea-Liliana Kolbe’, Anne Ruth?,
Harald Grallert*, Thomas Illig*, Iris M. Heid>%, the GIANT Consortium’, André M. Toschke?,
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Genome-wide association analyses (GWAS) contributed to the detection of a number of single-nucleotide
polymorphisms (SNPs) associated with obesity. However, little is known about the impact of the obesity-risk alleles
on weight loss-related phenotypes after lifestyle interventions. A recent meta-analysis of GWAS reported five genomic
loci near or in the genes FTO, MC4R, TMEM18, SDCCAG8, TNKS/MSRA that were associated with obesity in children
and adolescents. Here, we analyzed the effect of the 10 SNPs representative of the five loci on measures of weight
loss and cardiometabolic risk after a 1-year lifestyle intervention in 401 children and adolescents (mean age 10.74
years; 55.4% female; mean BMI 27.42kg/m?, mean BMI-standard deviation score (SDS) 2.37). For confirmation of one
locus genotyping of three intronic SNPs in SDCCAGS8 was performed in 626 obese adults who completed the 10-week
hypoenergetic diet program. Intronic variants of SDCCAGS8, which are associated with early onset obesity, are
associated with reduced weight loss after a 1-year lifestyle intervention in overweight children and adolescents even
after adjusting for age, sex, baseline measurement, or multiple testing (all P < 10-%). However, our results could not be
confirmed in 626 obese adults undertaking a hypoenergetic diet intervention.
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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 (SDCCAGS8 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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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/m?) 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, 124.00 571+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/) 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.

observable for three intronic SNPs of SDCCAGS (all corrected
P < 54 x 107°) 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 ABMI-SDS: 0.21 (n. = 289),
0.33 (n, = 101), 0.61 (n_, = 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: 3 = 0.23 BMI-SDS units/G allele (T being the
obesity-risk allele); P = 1.4 x 107) than in girls (8 = 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 SDCCAGS8 variants was observed
for the independent NUGENOB sample (all P > 0.05; Table 3).

We show that intronic SNPs of the obesity gene SDCCAGS
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 SDCCAGS8 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 SDCCAGS 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 SDCCAGS8 gene were
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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 SDCCAGS8 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.

467



BRIEF REPORTS

GENETICS

‘ainsseud

pooJq 211018As dgs ‘ureroidod Aysuep-ybly “1Q7 ‘ueloidodi Alsuep-ybiy “IaH JUBWSSSSSE [9POW SISEISOBWOY ‘YNOH ‘eInssald poojq Olj0iseIp ‘dgd ‘[eAsiul 90UspIUOD ‘| ‘8I00S UOEIASP PJepuUels e Se |G ‘SAS-INgG

‘snyess Bulse) sy} Ul Sa|qeleA |[e flusiainses

aA10adsal 8y} Ul uoionpal B 81edlpul (V) Sebueyd 8yl 0} PaZIS 10818 8} SaN[EA SAINSOd "Plog Ul paiybliybiy ae suoioaiiod Bupsa) odiynw Jaye Juediubis a1am ey} synsey ‘(Juswainseaw auleseq aAi}0adsal 8y} pue ‘xes
‘(1eaul) ebe Joj JusLLSNIPE SoUBILIBYUI JO SPOW SAINPPE) S[SPOW UOISS815a. JESUI| LU0} POALISP S1oM SI0fewlss g 8y | "palsl| 818 SanjeA 4 8} PUe S[eAlsiul 92UspIUOD %G6 By} (SI01ewnss ¢f) sezis 108l NS Uoes Jo4

1650 6180 zr8'0 €150 Ger'o 2le0 1£2°0 €00 GO0 9500

(e9z0'9v'0-) (282°0°'29€'0-) (L62°0°2G€°0-) (662°0°265°0-) (8/2'0'859'0-) (192°0°'669'0-) (¥S°0°‘6260-)  (926°0°G0°0) (€eo'k ‘L0 (6060 ‘LLO07)
6600~ 8200~ €00~ 6v 10— 610~ 1120~ 180°0 €150 2.S0 610 VINOHV
€090 2.80 L0 7650 2190 Slad) 29e°0 8100 6000 9€0°0

(8G1°1"266°H-) (800'} ‘2e8t-) (LvO'L'6LLk-) (Lve'h'205C-) (€ 'viL2e-)  (elg')'v88'¢) (e6'e'20'k-) (9987 '60v'0) (229 '9.9'0)  (180'Y ‘¥1°0) (/W)
LIy0- 20170~ 99€°0- 860~ 16820~ 9080~ 1260 18€¢ 6v9°C chLe ulnsuly
€.€0 GG'0 €850 1850 €020 192°0 €92°0 906°0 G/8°0 1180

(Ges'z'6v.'9-) (€98'C ¥9e'G-) (BE6'C LIeS-) (Bev'L'eley—)  (LSzl'6v-)  (9SL'2'68T'S-) (8892 '2le6-) (W9L'9'/97'G-) (/G2'9'cee’s—) (€12'9'e08'G-) (Io/Bw)
0k [Kerais 6L L zLoL 8LLL 6560 19¢°¢- 6vE0 €90 G570 8s00N|9V
1980 60 80 z6€°0 6820 Gez'0 9260 2,00 6500 G£0'0

(6882 '8v9'9-) (#26'G°262°9-) (CLS'G Ol 2-) (BY0°G'e98CL-) (Le8¥ ‘2eSvL-) (L62°€'86€'GL—) (G928 2€9'6-) (20891 '8L2L°0-) (998 L)L ‘evi0) (BE0'8) 'GL9°0) (Io/Bw)
1290 6010~ 2180~ 106°€~ 260G 108°G— 980~ zro'8 GG1'6 1G€'6 SepleAIBILY
v2L0 7150 £0€°0 ¥S°0 8¥8°0 1790 980 8100 S0'0 v0°0 10/

(Pve 1L ‘682 1-) (G821 'GE8°0-) (9202 ‘'2e9'0-) (L.G2'eshL-) (BSHe 'S/ 1)  (e8v2'62gLt-) (660°C '8vL L-) (€28°0-'G00v-) (2000 '829°€-) (S0°0- ‘199'¢-) (0481581040
€120~ S0 1690 6020 z61L°0 11%°0 SYANG] 6812 eLgL- GS8' - “1aHV
€820 €70 G8G'0 zr9'0 2e9°0 810 1880 veL0 2010 FLLO (o/BW)

(lel'e'gl'v-) (62 '650'2-) (B0L'V ‘geee-) (Lv'e'gess-)  (8ege'9g9-)  (¥60'€2859-) (Blev'66'v-) (€2°2°1v0'L-) (856°2°€82°0-) (688°2'128°0-) (0101881040
7160~ G8lL'L £68°0 9G0"L— LIS L= AR 9ee°0- Sye'e 88G°¢ ve5°e 1av
€92°0 29%°0 6050 2950 S0 e o) 8v'0 G810 1Z4N0) Szh0 1o/

(G2 v'98v'e-) (e26'7'992'2-) (6647 °9882¢-) (£8G°€°9869-) (BLL'e‘6YS2-)  (1€'€°689/-)  (evee 260 2-) (1ee'8°219'L-) (988'8°990 +-) (182'8 ‘690" 1-) (0181581040
2€9°0 7Ge'L 90zt 6t L— Slge- cele G/8'L- 1G88'¢ G88'e 988'¢ [elo1v
g0 €180 L1180 9060 980 6980 9610 €810 e54l0) 16£°0

(BSo'e'zze0-) (W9 L'vie ) (€1L'199k-)  (vee'286'L-) (Clog'ive-)  (Q0'z'6ev'e-) (166'¢ ‘g6z L) (€82 've'l-) (L06'¢'ese L-) (G/6'2 Q9L L) (B ww)
89¢" | 810 1810~ 1210 66+0- 6810~ 6v8°0 G20 1280 S06°0 daav
8ee0 8/80 80G°0 1620 c1e0 9ze'0 Taad) ISL0 ¥GL0 8/10

(¢660°188¢-) (€291 '¥8'1-)  (leb'L‘'9ge-) (1oL 1eLe-) (vegeL'808'e-) (8z'L'ovge-) (G6ee'6y l-) QLY '6€90-) (L80%'G90-) (L26°€'%2°0-) (B ww)
Sv6°0- 810~ 160~ /8¢ 1 262 L €821 2396°0 8.1 6LLL 619t ddasv
SvL0 6950 8er'0 80 850 €680 15%°0 FOLx/LL 0L %62 OLX PG

(#80°0‘2L0°0-) (€0°0°'G50°0-) (S20°0'690°0-) (990°0 ‘¥S0'0-) (VSO0 ‘¥20°0-) (SO0 ‘+20°0-) (¥80°0°'880°0-) (€12°0‘860°0) (60270 ‘560°0) (502°0 ‘160°0)
9€0°0 200~ 2100~ 9000 100~ 900°0— €200 GS1°0 2s1L0 8vL0 Sas-INgv
(va04d (v 104 d (va04d (L1oyod (v 104 d (vi104d (D103d (L4103 g (91044 (91044

10 %66 ‘d) 10 %66 ‘d) 10 %56 ‘d) 10 %66 ‘d) 10 %66 ‘d) 10 %56 ‘d) 10 %66 ‘d) 10 %66 ‘d) 10 %66 ‘d) 10 %66 ‘d)

10022184 L0YSE66SA 206856 1S4 G/191Gs/ 1688.2¢E1S! €020G121sd G8v.elLLLsd £96€£8.22S/ €e85v1g1s!  ¥8692601S/
(Hrom) (01d)2zLbalL (YHSW/SYNL) L'e2dg (CIVEIA (89v00as) vvb-evbl
zeLgbsl g'6zdz

«SYJIP[2q0,, uoljusniaiul

alf1sayi| Ajisago ay) pajejdwoo oym Sjuaasajope pue uaip|iyd asaqo pue Jyblamiano Loy Ul sebueyd ysu dljoqe}awoipied pue ssoj Jybiam uo 108ye onjeuay g ajqeL

VOLUME 20 NUMBER 2 | FEBRUARY 2012 | www.obesityjournal.org

468



BRIEF REPORTS

ke T
c 0| O
«© S|~ ™
c S | x @
g a8 °
2 b
S
3 — —
o o = N
o © (g o ™~
) © XR|oag 2o
QEIR|NE v
© « 2o c©
& R B I o
it o co'.: e !
£ |t -
©
2 = -
g S| 2 <«
o R|ows ©o
£ o = £
)
X
] ~
T 2 ]
= = o o
o S =] — ©
2 © © X ©
ocw > [©) o
] ~
=
c O
o ©
2o = - &
) @©
el ‘3 0 o9
E=lvl 45X os 89
Ssols L I2 S
) (5} o R
=0 | & Q’,Oﬁ T ©
22| % g S 9
g(“gh <=} = —
Q
=2
zZ - _
= . 5
2 20 oo
oS Slol=3 &=
[T RLIOos5 O
£5 S o 9
o e -
-
)
9
s o
o = [} o
cn-g.‘ 3 — ©
o =2 © X ©
) > — o
S s Q Q
- -
g s
52
< = — -
22| o © B
o 92 ° v o
598 |8 |os
= |y 0| < = e
225/18 %25y 79|z
= - 0] ol 2
(7 I ) o S) i
- ~ | ©
o 2 = =
S+ ‘o
S8 = |5
Q% ol & Q|
o . S
5| |E[¥|¥c 828
w o Cl8 58 29| 2
° CARSNe! 5|0
s e ] e | e
O o ~| o
e £ g
= c
© 0 & 9
[3) 2 =
=T © & R
= —~| ~ PS
o £ 2%la 2 |8
QO ®© o D = S
o Qo 85_' = =
b 5 =8z 2 |¢
[ ]
g o oL 4 < g
%)
et [}
o ® 1%
5 2 :
oG v @ |3
® 9 3 9 |y
0 9 > 2 W 2
=70 o| 0 10} 4
o O S| Q9 i
© T = 0O 2 =
= © 0| = z m

OBESITY | VOLUME 20 NUMBER 2 | FEBRUARY 2012

aEstimates for BMI-SDS and BMI change are derived form a linear regression model including genotype, baseline BMI-SDS (linear), age (linear), and sex; P values are based on a y?-test for genotypic both being equal to O.

bFor the comparability to the NUGENOB data where BMI changes in adults were reported it is important to know that the standard deviation in NUGENOB BMI changes was ~1 (thus BMI-SDS changes and BMI changes are

roughly comparable).

GENETICS

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 230kg/m?) 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
NUGENORB are described in refs. (6,14,15). In NUGENOB, we focused
on BMI changes only to replicate the SDCCAGS findings for ABMI-SDS
in children and adolescents.

For both samples changes of measurements (A) 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 TaqgMan 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
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applied a Bonferroni-corrected a,, = 0.05/100 = 5 x 107* (10 variables
and 10 SNPs). This procedure is conservative as both the variables
and the SNPs at the same locus are correlated (for SDCCAGS pair-
wise r? 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 3 effect size
estimators with 95% confidence intervals.
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