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Abstract:

Background: Genetic risk factors for childhood obesity werarfd to have greater effects on
children with a higher body fat mass. Similarly eammental and lifestyle risk factors for
childhood obesity were found to have a strongeectffat high body mass index (BMI)
percentiles. We hypothesized that these findingghtnieflect gene-environment interactions

with respect to the development of overweight.

Methods: We analysed data of 2 346 children from the Avomditudinal Study of Parents
and Children (ALSPAC), using quantile regressiorthwbody fat mass index (FMI) for
children at the age of 9 years as outcome varidile.assessed interactions of an “obesity-

risk-allele-score” with environmental and nutritedrfiactors.

Results: There was no evidence of interactions betweerobesity-risk-allele score and the
environmental variables except for maternal ovegivei However, we found a clear
interaction with respect to intake of mono- andypakaturated fatty acids at the age of 7. In
children with low intake, genetic risk was assamilivith increasing effect sizes by FMI

percentile.

Conclusions: Our results suggest an interaction between a ievary content of unsaturated
fatty acids and genetic risk factors for overweightFMI. This effect is likely to be stronger
in children with higher FMI. Apart from maternal @weight, which might also reflect
unknown genetic factors, we found no evidence méeractions of genetic disposition with

other environmental or nutritional factors.
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I ntroduction:

Genetic factors are likely to determine the riskowerweight in children. Evidence comes
originally from adoption and twin studiés? and has been confirmed in recent genome-wide
association (GWA) studies, in which a number ok adleles for overweight / obesity have
been identified®’. Combining such genetic variants in a risk scoppears to be an
appropriate measurement of an individual’s genetadisposition for overweight °. In a
previous study, we found that such a genetic rtskeswas associated with differential effect
sizes depending on children’s body compositionhwjteatest effects on higher body mass

index (BMI) percentiles’.

Although the association of overweight / obesitythwspecific genetic predisposition is
therefore well-established, the underlying mechasisare still largely unknown. Recent
studies suggest that interaction with environmerigkl factors may be important™* This

might also help to explain why we had previouslyrfd similar patterns of associations (i.e.,

different effect sizes by children’s BMI) for eneitmental risk factors™ ©

We therefore hypothesized that potential interastizvith environmental risk factors might
strengthen the effect of the “obesity-risk-allet®®” in the upper body fat mass percentiles.
In order to answer this question, we assessedatttens between the mentioned “obesity-
risk-allele score” and a number of priming, lifgdstand nutritional factors with respect to

body fat mass in children at primary school agagisjuantile regression.

Methods:

Study population and data sour ces
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The Avon Longitudinal Study of Parents and Child(@bSPAC) is an ongoing longitudinal
birth cohort study that has been described in nuetil elsewheré’. A total of 14 541
pregnant women living in the former Avon Health Aatity (South-West England) with an
estimated date of delivery between April 1991 ardénber 1992 were enrolled, resulting in
a cohort of 13 971 children at the age of 1 yad#nrimation about demographic data, lifestyle
habits, disease history etc. was collected usinradeninistered questionnaires, data
extraction from medical notes, and linkage to maitinformation systems and at research
clinics. Dietary data were collected at the ag& géars with the use of 3-day unweighed diet
diaries *®. Ethical approval for the study was obtained frdta ALSPAC Law and Ethics

Committee and Local Research Ethics Committees.

Outcome and explanatory variables

Childhood height and weight were measured to tlaeest 0.1 cm and 0.1 kg, respectively, at
dedicated ALSPAC Focus clinics by a trained redetgam. Fat mass was assessed at the 9-
year visit using whole body dual energy X-ray apsometry (DXA) measurements (Prodigy
scanner, Lunar Radiation Corp, Madison, Wisconki8). We calculated fat mass index

(FMI) for each child from DXA measurements at agg 9y dividing fat mass (kg) by height

squared (rf).

In accordance with our previous studfed’, we calculated an “obesity-risk-allele score” by
counting the total number of obesity risk allelesoas the following eight genetic variants
with known associations with BMI in childreff: rs9939609 (in/near to FTO), rs17782313
(MC4R), rs6548238 (TMEM18), rs10938397 (GNPDA2)368794 (KCTD15), rs2568958

(NEGR1), rs925946 (BDNF) and rs7647305 (ETV5). lmind so only individuals with
6
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complete genotype data at all eight variants wamtuded in the analyses and only one

variant at each locus was chosen.

We selected environmental variables if they hadasha distribution dependent effect on
children’s BMI ** % or by a priori considerations. These were dichdtenh in order to
compare FMI distributions in exposed and non-exgadgaldren. Maternal smoking during
pregnancy and exclusive formula feeding are esfaddi priming factors for childhood
overweight'® ?° As factors associated with life-style, we chase physical activity (defined
as child goes to special classes or clubs for sactieity (e.g. dancing, judo, sports) less than
once a week), high TV consumption (defined as ntioa@ 2 hours per day), both at the age
of 9 y, and low parental education (i.e. neithéhéa nor mother achieved O-level). Maternal
overweight defined as a BMI of at least 25 kg/m3waed as a proxy for both environmental
and unknown genetic risk factors. Finally, we definthe following nutritional factors
extracted from the 7-year food dietary records dithotomized them as suggested by the
Institute of Medicine in 2008 high caloric intake (> 1 700 kcal / day in fensle 1 900
kcal / day in males), low intake of protein (< 1@%b6daily caloric intake), high intake of
carbohydrates (> 60% of daily caloric intake), higtake of saturated fatty acids (> 20% of
daily caloric intake) and low intake of mono- armlyunsaturated fatty acids (< 20% of daily

caloric intake).

Our analyses were restricted to white Europeardnl In addition to all singletons, we
included one randomly selected child from each motith more than one child in the study
(n = 7 146 children) in order to avoid potentigientorrelation in close family members. In
total, the dataset contained n = 4 616 observatwtisfull information on FMI at the age of

9y, of which n = 2 346 contained full information all environmental variables (s€able

1).
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Statistical analysis

Quantile regression is a statistical technique tvhias been applied in a wide research #rea
% While traditional mean regression estimates tbeditional mean of the outcome
distribution, quantile regression estimates thedd@nal quantiles, i.e. sample percentiles,
e.g. the 0.9 quantile / 90th percentile. In casa dinary risk factor the quantile regression
coefficient represents the difference of the patic conditional percentile in the estimated
outcome distribution, e.g. FMI, in subjects tha akposed or not exposed, whereas all other
explanatory variables remain constant. Thus, glegamégression gives a more complete
picture of the response distribution than mean eggjon. Since it does not rely on
distributional assumptions, it is even more adegtiaan mean regression when the outcome

distribution is skewed, as in our case for FMI.

We calculated quantile regression models with tAe18", 2d", ..., 90" and 9" percentiles

of FMI as outcomes and the obesity-risk-allele sconaternal smoking during pregnancy,
formula feeding, low physical activity, high TV csumption and low parental education as
explanatory variables. We did not include the niginal variables in these models, as these
were not independent from each other (since th@gutions of daily caloric intake were
expected to sum up to 100% for each observatidhpese variables were assessed separately
in additional models considering the other envirental factors as potential confounders.
Bootstrap methods were used to calculate 95 % aemde intervals (Cls) for the quantile
regression effect estimates. We adjusted all mddelsex, age and height at the age of 9 y. If
a specific predictor showed a distribution dependeasociation with FMI, we additionally

calculated separate models that included an interaterm between the obesity-risk-allele
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score and this factor adjusted for the other p@kptedictors. Thereby, an effect of the risk
allele score was estimated separately for each tdwbe binary risk factors. If a significant

interaction between the obesity-risk-allele-scand a specific risk factor was found, and if
the risk factor was significant at the 90th perdentve stratified our analyses by exposure to

this factor.

All calculations were carried out with the stagati software R 2.14.2hftp://cran.r-

project.org, using thequantreg package.
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Results:

The children analyzed had a mean FMI of 4.1 kg/mek@amedian FMI of 3.6 kg/m? at 9 years
of age, whereby the distribution was right-skew&db(e 1). The prevalence of overweight

(including obesity) according to IOTF criteffabased on BMI was 18.2 %.

In the first model without interactions, increasieffect sizes by FMI percentile were found
with respect to the obesity-risk-allele-score, mae overweight, high TV consumption,
maternal smoking during pregnancy, low parentacation and low protein intake as well as
decreasing effect sizes for low intake of unsaaddatty acidsTable 2,3). For example, the
estimated regression coefficients of maternal oeegiat were 0.46 [95% CI: 0.33; 0.59] at
the 10" percentile, 0.99 [0.84; 1.14] at the median, andi62[2.07; 2.85] at the 80

percentile.
Interaction with the obesity-risk-allele-score

In the second model, there was no evidence foraot®ns between the obesity-risk-allele
score and the environmental variables except faemal overweight at the $@ercentile of

FMI (data not shown). Stratified analyses suggethati exposition to maternal overweight
increased the effect of the genetic factors inupper FMI percentiles, but not in the lower

parts of the distributionHjgure 1).

With respect to the nutritional factors, the onigngficant interaction with the obesity-risk-
allele-score was found with respect to intake ohoioand polyunsaturated fatty acids. In
children with low intake, genetic risk was assamiatvith continuously increasing effect sizes

by FMI percentile, while in non-exposed childrensuzh pattern occurreéigure 2).
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Discussion:

We found no evidence for a potential interactiorgefetic disposition for overweight with a
number of established environmental risk factorhsas high TV consumption, low physical
activity, maternal smoking during pregnancy, forené¢éeding or low parental education as
well as for high caloric intake, high intake of waited fatty acids, low protein intake or high
intake of carbohydrates. However, there was a waakaction with maternal overweight and

a clear interaction with intake of unsaturatedyfattids.

The interaction of genetic disposition with unsatad fatty acids is particularly interesting.
We were able to demonstrate that the effect of tiersisposition was weight status
dependent in children with low intake of unsatullafaty acids, while there was virtually no
effect in children with appropriate intake. Thisiding might potentially indicate that a
genetic disposition for overweight might only hareeffect in subjects who have a relatively
low intake of unsaturated fatty acids (which mighg. due to a low proportion of vegetarian
food or fish), while an appropriate intake seemedoé protective against the effects of
genetic obesity risk factors. Interestingly, thisding would confirm the result of a recent
study which showed an interaction between the Gftjgolyunsaturated and saturated acids in
the diet with the FTO gerfé: A allele carriers with an intake ratio of lowéran 0.43 had a
higher risk for becoming obese than TT carrierssipective of their intake ratio. However,
this finding was based on a relatively small datdse354). With respect to other genetic

settings, similar findings had been reported betbr@

Our results did not confirm, however, other obskoveal studies reporting interactions

0, 31

between genetic disposition and intake of carbadigs’® 3 total fat?® 2% 32 33

or total

energy>* * Unfortunately, we were not able to assess whetthisr was due to lack of

11
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statistical power, as, to our knowledge, no methexist for power estimation in quantile

regression.

Maternal overweight may represent the outcome ef dffects of nutrition, life-style and
genetic disposition and is therefore likely to beisk factor for overweight especially in
younger children. Therefore, its observed intecactvith genetic disposition for overweight
may at least partially reflect the effect of polgaturated fatty acids mentioned above. An
alternative explanation might be that the effedtglentified genetic risk factors are modified
by other (unknown) obesity risk genes which may die part of the impact of maternal

overweight on offspring’s body composition.

The prospective design of the ALSPAC data set doitss$ a strength of our analyses because
reverse causation is not likely to be an issuethéamore, the use of quantile regression
enabled us to examine differential effect sizegxgilanatory variables and their interactions

with respect to FMI in children.

As previous evidence with respect to our findingselatively scarce, confirmation of these
results in another dataset would be desirable toludg potential chance findings.
Unfortunately, we had no access to other dataseighich both detailed genotyping and
assessment of food habits during childhood had lkedected. Further, our dataset was not
big enough to allow dividing it into a “training’nd a “validation” sample. Another potential
weakness of our study might constitute in the theat diet diary data allowing for detailed
assessment of caloric intake etc. were collectethatage of 7 years, while fat mass was
measured about two years later. However, this @gbrdnas been used previously on these

data and yielded plausible resulfs Furthermore, there was at least reasonable agreem

12
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between general food patterns at the ages of 79aywhrs, as assessed by food frequency

questionnaireg’.

In conclusion, our analyses suggest potential asteons between a diet with a low content of
unsaturated fatty acids and genetic risk factorof@rweight on FMI. This effect is likely to

be stronger in children with higher FMI. Apart framaternal overweight, which might also
reflect unknown genetic factors, we found no evaefor interactions of genetic disposition

with other environmental or nutritional factors.
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TABLE 1. Characteristics of the study population (n = 8)34

Variable

Fat mass index [kg/m?]

Overweight children *

Obese children *

Age [years]

Sex (female)

Maternal overweight

High TV consumption

Low parental education

Maternal smoking during pregnancy

Exclusive formula feeding

Low physical activity

High caloric intake

High intake of saturated fatty acids

Low intake of unsaturated fatty acids

Low protein intake

High intake of carbohydrates

Mean (SD) / n (%)

4.1 (2.2)

n = 428 (18.2 %)

n =83 (3.5 %)

9.8 (0.3)

n = 1,146 (48.8 %)

n =448 (19.1 %)

n =781 (33.3 %)

n = 1,016 (43.3 %)

n = 963 (41.0 %)

n = 389 (16.6 %)

n =918 (39.1 %)

n = 848 (36.1 %)

n=70(3)0 %

n = 1,932.48%)

n =126 (5.4 %)

n = 333 (14.2 %)

21



classified using IOTF cut-off values (20)
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TABLE 2: Regression coefficients (x1.96 s.e. values) of fagkors as estimated by quantile regression atifsppercentiles p. The effects of the

factors obesity-risk-allele score and the environtalkefactors adjusted by age, height and sex warmated.

Risk factor
obesity-risk-allele-score
maternal BMI > 25

high TV consumption
smoking during pregnancy
formula feeding

low physical activity

low parental education

3p
0.04 (+ 0.02)
0.22 (+ 0.09)
0.19 (+ 0.07)
0.10 (+ 0.07)
0.04 (+ 0.13)
0.04 (+ 0.07)
-0.01 (% 0.06)

10p
0.03 (+ 0.02)
0.46 (x 0.13)
0.19 (x 0.07)
0.09 (x 0.07)
0.22 (+ 0.08)
-0.03 (£ 0.07)
-0.09 (£ 0.06)

30p
0.09 (x0.02
0.74 (x 0.10
0.21 (x0.08
0.21 (x 0.06
0.25 (x0.08
0.08 (+ 0.07
-0.01 (£ 0.07

)
)
)
)
)
)
)

50p
0.13 (x0.02)
0.99 (x 0.15)
0.30 (x0.10)
0.29 (= 0.09)
0.24 (x0.13)
0.03 (= 0.09)
0.03 (x0.10)

70p
0.23 (x 0.03)
1.53 (£ 0.22)
0.30 (x 0.13)
0.21 (x0.12)
0.33 (x0.18)
-0.04 (£ 0.12)
0.15 (¢ 0.13)

90p
0.30 (x 0.06)
2.46 (£ 0.39)
0.62 (x0.24
0.23 (x 0.24;
0.17 (x 0.25)
-0.02 (£ 0.22]
0.26 (x 0.22)

97p
0.32 (£ 0.07)
2.17 (£ 0.33)
0.72 (£ 0.32)
0.20 (= 0.30)
0.07 (£ 0.35)
0.13 (= 0.29)
0.35 (£ 0.29)
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TABLE 3: Regression coefficients (+1.96 s.e. values) of faskors as estimated by quantile regression aiifsppercentiles p. The effect of each

nutrition factor was estimated separately considgetine obesity-risk-allele score and the envirorntaddactors adjusted by age, height and sex.

Risk factor 3p 10p 30p 50p 70p 90p 97p

high caloric intake 0.12 (x 0.07) 0.15(x0.07) 0.09 (x0.07) 0.21(x0.11) 0.23(x0.13) 0.03(x0.23) 0.04 (x0.32)
high intake of saturated fatty acids 0.40 (+x 0.18) 0.27 (+x 0.11) 0.01 (x0.17) -0.18 (x 0.38) 0.35(x0.39) -0.20 (= 0.69, 1.52 (£ 1.22)
low intake of unsaturated fatty acid 0.02 (+ 0.10) -0.02 (+ 0.09) -0.09 (+ 0.10) -0.16 (x 0.13) -0.37 (£ 0.20) -0.61 (= 0.27, -0.59 (£ 0.39)
low protein intake -0.07 (£ 0.09) -0.18 (+x 0.14) 0.02 (+0.17) 0.20(x0.24) 0.50 (x0.28) 0.38 (£ 0.46) 0.51 (+0.48)
high intake of carbohydrates -0.07 (£ 0.08) -0.13 (x0.10) -0.09 (£ 0.07) -0.33 (¥ 0.10) -0.17 (= 0.20) -0.22 (£ 0.29] -0.19 (x 0.51)
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FIGURE 1: Point estimates and 95% confidence bounds (gregsa for increase in fat mass index (FMI) at 9ryegeer obesity-risk-allele a) in

interaction with maternal overweight, b) in childref overweight mothers and c) in children of naoveight mothers.
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FIGURE 2: Point estimates and 95% confidence bounds (gregsa for increase in fat mass index (FMI) at 9rygeer obesity-risk-allele a) in

interaction with low intake of mono- and polyunsated fatty acids, b) in children with low intakEroono- and polyunsaturated fatty acids and c)

in children with appropriate intake of mono- andyposaturated fatty acids.
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