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Abstract

BACKGROUND: Genetic variants that predispose individuals to obesity may have differing
influences during childhood versus adulthood, and additive effects of such variants are likely to
occur. Our ongoing studies to identify genetic determinants of obesity in American Indians have
identified 67 single-nucleotide polymorphisms (SNPs) that reproducibly associate with maximum
lifetime non-diabetic body mass index (BMI). This study aimed to identify when, during the
lifetime, these variants have their greatest impact on BMI increase.

SUBJECTS/METHODS: A total of 5906 Native Americans of predominantly Pima Indian
heritage with repeated measures of BMI between the ages of 5 and 45 years were included in this
study. The association between each SNP with the rates of BMI increase during childhood (5-19
years) and adulthood (20-45 years) were assessed separately. The significant SNPs were used to
calculate a cumulative allelic risk score (ARS) for childhood and adulthood, respectively, to assess
the additive effect of these variants within each period of life.

RESULTS: The majority of these SNPs (36 of 67) were associated with rate of BMI increase
during childhood (P-value range: 0.00004-0.05), whereas only nine SNPs were associated with
rate of BMI change during adulthood (~-value range: 0.002-0.02). These 36 SNPs associated with
childhood BMI gain likely had a cumulative effect as a higher childhood-ARS associated with rate
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of BMI change (8= 0.032 kg m~2 per year per risk allele, 95% confidence interval: 0.027-0.036,
P <0.0001), such that at age 19 years, individuals with the highest number of risk alleles had a
BMI of 10.2 kg m ~2 greater than subjects with the lowest number of risk alleles.

CONCLUSIONS: Overall, our data indicates that genetic polymorphisms associated with
lifetime BMI may influence the rate of BMI increase during different periods in the life course.
The majority of these polymorphisms have a larger impact on BMI during childhood, providing
further evidence that prevention of obesity will need to begin early in life.

INTRODUCTION

Increasing adiposity is associated with greater risk for chronic diseases such as type 2
diabetes mellitus (T2D), hypertension, several types of cancer’ and reduced overall life
expectancy.>~’ Weight gain does not occur in a uniform pattern in every individual, and
although BMI in childhood is known to be highly correlated with adult BMI,8 some
individuals become overweight in childhood while others gain excess weight mainly during
adulthood.%-11 Despite environmental influences, family and twin studies have shown that
obesity has a heritable component,12-14 and genome-wide association studies have identified
several genetic loci associated with BMI.15-18 However, it is likely that the time in the life
course when BMI increase diverges from the rest of the population may differ between
SNPs, and studies investigating the impact of genetic variants on longitudinal rates of weight
increase in adulthood versus childhood are rare.1%-22 During both fetal development and
childhood, the human body faces major changes including linear growth, organ development
and maturing of the central nervous system with a natural increase in weight and BMI.

Fetal growth is primarily represented by birth weight and some studies have found
associations between BMI susceptibility loci and birth weight,1° while others observed
minimal effects.23:24 Alterations in regulation or function of proteins involved in pathways
that affect development and growth during /n utero development or childhood may have a
stronger impact on rate of weight increase during these periods of life that then weaken
during adulthood.2> During adulthood, linear growth is complete and energy requirements
stabilize so in theory, the rate of BMI change should be close to zero; however, it has

been shown that in the majority of adults in modern society, BMI progressively increases
throughout adult life albeit at a slower pace than childhood.26 Therefore, adulthood is
another time period where SNPs may be associated with a greater rate of BMI increase
compared with the common genotype. Studies have shown a cumulative effect of allelic risk
variants on BMI,19-21 but it is not clear what the effect size of a higher allelic risk score at
different time periods within a person’s lifetime might be. Our ongoing studies to determine
the genetic basis of obesity among American Indians2’-34 have identified several variants
that reproducibly associate with maximum lifetime BMI in this population. Individuals from
this community are predominantly of Pima Indian heritage and have high rates of both
childhood and adult obesity.35 We hypothesized that some variants associated with lifetime
BMI would be associated with BMI change primarily during childhood, and others would
be associated with BMI change only during adulthood. We further hypothesized that SNPs
individually associated with rate of BMI change within childhood versus adulthood would
have an additive effect, but only during that life period.
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SUBJECTS AND METHODS

Subjects

From 1965 till 2007, the National Institute of Diabetes and Digestive and Kidney

Diseases conducted a longitudinal study of health in which members of the Gila River
Indian Community in Arizona were invited to participate, as previously described.3°
Individuals aged 5 years or older had study examinations as frequently as every 2 years.
These examinations included height and weight measurements using stadiometers and
calibrated scales. A 75-g oral glucose tolerance test was performed for the assessment of
glucose regulation. Plasma glucose was measured by an autoanalyser using the potassium
ferricyanide method (Technicon Instruments Corporation, Tarrytown, NY, USA) or the
comparable hexokinase method (Ciba-Corning, Palo Alto, CA, USA). Degree of Pima
Indian heritage was determined by self-reported number of great-grandparents of full

Pima heritage. All the adults provided written informed consent. For children, a parent

or guardian provided informed consent and the child assented. This study was approved by
the institutional review board of the National Institute of Diabetes and Digestive and Kidney
Diseases.

In the present study, we excluded visits with evidence of T2D or pregnancy; individuals
that were offspring of diabetic mothers;36 and subjects with a loss-of-function mutation in
the MC4R gene.?® All individuals with at least one visit during childhood (5-19 years of
age, n=4212) or adulthood (age = 20 years, 7= 3865), were included in the present
study. Because of the small number of non-diabetic examinations after the age of 45 years,
adulthood was limited to < 45 years. The time of diagnosis of T2D onset was determined
from either the results of the 75-g oral glucose tolerance test done during a study visit’ or
from chart review if the diagnosis was made between study visits. The time to T2D onset
was calculated from the first study visit to the date of diagnosis; individuals who were free
of T2D at the last study visit were censored.3”

Birth weight data were available in a subset of 722 individuals after the exclusion of
individuals with missing data, born prematurely (gestational age <36 weeks) or with very
low birth weight (<1500 g). A subset of 552 healthy individuals also participated as adults

in a separate study of the pathogenesis of type 2 diabetes mellitus and obesity in our clinical
research unit with measurements of body composition assessed by underwater weighing (n=
294) or by total body dual energy X-ray absorptiometry (DPX-1; Lunar Radiation, Madison,
WI, USA) (n= 257), as described previously.38 The two subsets had similar maximum BMI
measurements as the rest of the study population.

Genetic variants associated with maximum lifetime BMI

SNPs associated with maximum lifetime non-diabetic BMI (age >15 years) in the Pima
Indian population were identified from previous genome-wide association studies,32-33
whole-exome sequencing studies,3* replication studies of established variants in other ethnic
groups?%-31 or ‘candidate gene’ studies for obesity.27:28:3%-42 | these studies, associations
of each SNP with maximum BMI were first determined in a sample of 2850 full-heritage
Pima Indians. Each SNP with a nominal association in full-heritage Pima subjects (/£<0.05)
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was further genotyped in an additional 3056 mixed-heritage American Indians, all of whom
had participated in the study described above. In the present study, we included the top 67
SNPs associated with maximum BMI in the combined population with a A<0.001. Further
information on the selection process of these SNPS as well as on genotyping and quality
control are detailed in the Supplementary Information section.

Calculations and statistical analysis

SAS software (SAS version 9.3, SAS Institute, Inc., Cary, NC, USA) was used for all
statistical analyses. The data are presented as mean + s.d. For each subject with at least
two visits, a minimum of 24 months apart, the individual rate of BMI change (kg m~2

per year) during childhood (7= 3739) and adulthood (/7= 2943) was calculated as the
slope of the regression line between BMI and age from the visits in the respective period,
as previously described.2®> Associations between SNPs and the rates of BMI change were
assessed with an additive model for genotypes and adjusting for sex, estimate of European
admixture,*3 date of birth and accounting for sibling relationships as a random effect using
an autoregressive (1) covariance structure. Analyses to test the validity of the model are
detailed in the Supplementary Information section.

We calculated the childhood multiallelic risk score (childhood-ARS) as the total number of
risk alleles carried by an individual for the 36 SNPs individually associated with the rate
of BMI change during childhood with a £<0.05. Only individuals that were successfully
genotyped for = 90% of the 36 SNPs were included. Missing SNP genotype data were
imputed with the mean number of risk alleles within the whole population. The adult allelic
risk score (adult-ARS) was derived in the same way except using the nine SNPs associated
with the rate of BMI change during adulthood with a £<0.05. To assess the effect of
childhood-ARS and adult-ARS in the respective life period, we used mixed models to
account for repeated measures and modeled the relationship of BMI with time (that is, age)
as a linear function using an autoregressive (1) covariance structure. A linear relationship
between BMI and time was chosen as modeling a quadratic or cubic relationship improved
the model-fit statistics only marginally but added a large degree of complexity. The results
of the model-fit statistics can be found in the Supplementary Information. Every subject
that was seen at least once during the study was included to increase the power of the
analyses. As above, the results were adjusted for covariates and sibling relationships. As a
comparison, the total allelic risk score from all 67 SNPs was also generated. The variance
of the rate of BMI change attributable solely to the ARSs was assessed in two steps: (1)
performing the above-mentioned mixed-model analyses with and without the ARS in the
model and (2) correlating observed BMI values with the predicted BMI values of the two
models. The additional increase in /2 was then considered to be attributable to the ARS.

To further explore the relationship of the childhood-ARS with adult obesity, we used

the maximum non-diabetic BMI recorded in adulthood for each individual and assessed
the prevalence of classes of obesity using the World Health Organization guidelines**

by the number of childhood risk alleles. The Cochran—Armitage test was used to assess
the overall trend with increasing ARS. We assessed the effects of the childhood-ARS on
birth weight using a linear regression model adjusted for sex, gestational age, estimates of
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European admixture, sibling relationships and the year of birth. The first available measure
of body composition in adulthood was used to determine associations of measures of body
composition with childhood-ARS using a linear regression model adjusted for sex, age,
height, sibling relationships, European admixture estimate and birth year. Associations of
childhood-ARS with risk for onset of type 2 diabetes before age 45 was assessed using a
proportional hazard model adjusted for sex, age, birth year, degree of European admixture,
as well as age and BMI as time-dependent variables.

Characteristics of the study population are summarized in Table 1. The results of the
associations of the 67 SNPs with BMI measures are reported in Table 2. Thirty-six SNPs
were associated with rate of BMI change during childhood (Table 2), and four of these SNPs
were also associated with rate of BMI change during adulthood. Five SNPs were associated
with rate of BMI change solely during adulthood (Table 2). The results were similar whether
ethnicity was represented by estimates of European admixture or by self-reported degree of
Pima heritage. Excluding outliers did not alter the results.

Effects of the childhood allelic risk score

The 36 SNPs (representing 72 alleles) that individually associated with the rate of BMI
change during childhood were used to calculate an additive childhood-ARS. On average,
individuals were found to carry 42 * 4 risk alleles (range: 24 to 57). A higher childhood-
ARS was associated with a greater rate of BMI change in childhood (8= 0.032 kg m~2

per year per risk allele, 95% confidence interval: 0.027-0.036, £<0.0001; Figure 1a).
Individuals with the highest childhood-ARS (>49 alleles) increased BMI on average by 0.58
kg m~2 per year more than individuals with the lowest childhood-ARS (<34 alleles; Figure
1a). A full model including childhood-ARS, sex, date of birth, an estimate of European
admixture, age at initial visit and accounting for sibling relationships explained 43% of the
variance in the rate of BMI increase during childhood, with childhood-ARS independently
accounting for 5%. Replacing childhood-ARS with an ARS based on all the 67 SNPs
yielded similar results (42% of the variance being explained by the model and the 67-SNP
ARS independently accounting for 5%). To illustrate the effect of the childhood-ARS over
time, at 5 years of age, those with the highest childhood-ARS had a mean adjusted BMI
that was 1.95 + 0.15 kg m~2 higher than those with the lowest childhood-ARS. By age 19
years, the difference had expanded approximately 5-fold up to 10.22 + 0.14 kg m~2 (Figure
1b). In sensitivity analyses where data were (1) analyzed separately for the time periods
between 5 and 11 years and 11 to 19 years; (2) limited to individuals with visits in both
childhood and adulthood; and (3) stratified by sex, the effect of childhood-ARS was similar.
If population-specific BMI zscores were used instead of BMI in the mixed model, there
was still a significant zscore increase per year per risk allele of the childhood-ARS during
childhood. In the 722 subjects with data available for birth weight, the childhood-ARS was
also associated with birth weight (11 g per risk allele; £=0.008; Figure 2). In this subset,
the effect of childhood-ARS on BMI change in childhood was similar even after adjusting
for birth weight.

Int J Obes (Lond). Author manuscript; available in PMC 2022 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hohenadel et al.

Page 6

Childhood-ARS was also associated with the rate of BMI change in adults (Figure 1a; 8
=0.009 kg m~2 per year per risk allele, 95% confidence interval (95% CI): 0.006-0.011,

P <0.0001), but to a lesser degree than observed in childhood. Individuals with the highest
number of risk alleles increased their BMI by 0.17 % 0.02 kg/m2/year more than individuals
carrying the lowest number of risk alleles in adulthood. Between 20 and 45 years of age,

on average childhood-ARS was associated with an additional increase of 2.68 + 0.17 kg
m~2 in those with the highest number of risk alleles compared with those with the lowest
childhood-ARSs. Excluding the five SNPs that also associated with the rate of BMI change
in adulthood from the childhood-ARS yielded similar results.

To understand the impact of childhood-ARS on severity of obesity in adulthood, we
assessed the prevalence of the different classes of obesity as defined by the World Health
Organization®* using the maximum lifetime BMI as the point of reference (Figure 1c).
Increasing number of risk alleles was associated with a higher prevalence of more severe
forms of obesity (P <0.0001 for overall trend). The age of maximum BMI and the number
of visits per person was not associated with childhood-ARS. A subset of 551 subjects with
childhood-ARS data had measurements of body composition in early adulthood (age: 27.3
+ 5.3 years). Childhood-ARS was positively associated with percent body fat (8= 0.51 +
0.06% per risk allele, £<0.001) and fat mass (8= 1.14 + 0.12 kg per risk allele, £<0.001;
Figures 3a and b). Although childhood-ARS initially was associated with fat-free mass (8=
0.79 £ 0.09 kg per risk allele, £00.001), this was no longer true after accounting for fat mass
in the model (P= 0.48).

Effects of the adult allelic risk score

The nine SNPs (representing 18 alleles) that individually associated with the rate of BMI
change during adulthood were used to calculate the adult-ARS. On average, individuals
were carriers of 12 + 2 risk alleles (range: 3 to 18) of the adult-ARS. Higher adult-ARS was
associated with greater rate of BMI change in adulthood (8 = 0.023 kg m~2 per year per

risk allele, 95% CI: 0.016-0.030, £ <0.0001; Figure 4a). Those with the greatest adult-ARSs
(>15) increased their BMI by 0.40 + 0.10 kg m~2 per year above the rate of change in the
group with the lowest adult-ARSs (<8; Figure 4a). The full model explained 11.2% of the
variance in rate of adult BMI change, of which 2.8% was independently explained by the
adult-ARS. At the age of 20 years, those with the highest adult-ARS had a mean predicted
BMI that was 4.57 + 0.49 kg m~2 higher than the group with the lowest adult-ARSs. By

the age of 45 years, the differences in the rate of BMI change per year led to an increased
difference of 11.35 + 0.46 kg m~2 (Figure 4b) between the extremes. Adult-ARS was also
associated with rate of BMI change in childhood (8= 0.032 kg m ~2 per year per risk allele,
95% ClI: 0.024-0.044, £<0.0001). Individuals with the highest number of adulthood risk
alleles increased their BMI by 0.25 + 0.02 kg m~2 per year more than individuals carrying
the lowest number of risk alleles. Excluding the four SNPs associated with the rate of BMI
change in both childhood and adulthood yielded similar results. In the 722 subjects with data
available for birth weight, the adult-ARS was not associated with birth weight (P=0.3).

In a full model in the 2488 subjects with visits during both childhood and adulthood,
childhood-ARS and adult-ARS were both independent predictors of BMI change over time
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during both childhood (0.030 kg m=2 per year per risk allele, 95% CI: 0.024-0.035, P
<0.0001; and 0.016 kg m ~2 per year per risk allele, 95% CI: 0.008-0.025, 2= 0.0005,
respectively) and adulthood (0.006 kg m=2 per year per risk allele, 95% CI: 0.002-0.009,
P=0.0006; and 0.015 kg m ~2 per year per risk allele, 95% CI: 0.008-0.022, £<0.0001,
respectively). On the basis of the prediction equation from this full model, a hypothetical
subject with both the minimum childhood-ARS and adult-ARS identified in our population
would have a yearly BMI increase during childhood of 0.39 kg m=2 compared with 1.56 kg
m™~2 for an otherwise identical, hypothetical subject with the maximum childhood-ARS and
adult-ARS.

Associations of both ARS scores and measures of metabolic health After adjusting for sex,
age, BMI and birth year, there were no independent associations of either risk score with
fasting and 2 h measurements during an oral glucose tolerance test (all 2>0.2) beyond the
effect of adiposity. Childhood-ARS, but not adult-ARS, increased the risk of type 2 diabetes
(HRR =1.03 per risk allele, 95% CI: 1.02-1.05, A= 0.0001) but after adjusting for BMI, the
effect was no longer present (HRR = 0.99, 95% CI: 0.98-1.02, £=0.9).

DISCUSSION

In an effort to better understand the association of SNPs with maximum lifetime BMI, we
used longitudinal data to assess whether SNPs that reproducibly associate with maximum
BMI exert their effect primarily during childhood, adulthood or during the entire life course.
Five SNPs were associated with rate of BMI change only during adulthood while four SNPs
were associated with rate of BMI change in both periods of life. However, the majority of
genetic risk variants, that is, 32 of 67, were individually associated with BMI increase only
in childhood and not in adulthood. To elucidate whether there is a cumulative relationship
between these SNPs and BMI increase, we calculated a multiallelic risk score on the

basis of those SNPs that were associated with the rate of BMI change in each period of

life. Childhood-ARS was associated with increased birth weight and greater rates of BMI
change during childhood. The adult-ARS on the other hand was not associated with birth
weight, which might indicate that the risk alleles that compose the childhood-ARS affect
pathways of somatic development and growth. In addition, increasing childhood-ARS was
associated with increased fat mass and an increased prevalence of more severe classes of
obesity in adulthood. The adult-ARS was associated with greater BMI increase in adults, but
also had a similar effect in childhood, demonstrating that there may be differing pathways
to increases in adiposity that occur primarily in childhood versus those that occur more
gradually throughout the life course.

To date, only a small number of studies have explored when obesity risk variants have their
strongest impact. Although one study demonstrated effects of an allelic risk score created
from adult obesity susceptibility variants on BMI increase in childhood!® and another

study showed associations in both time periods,*® neither study attempted to answer when
individual risk variants have their strongest impact on BMI increase. These studies also used
obesity risk variants that had been identified in other populations. By using obesity risk
variants specific to this population, we were able to extend the original hypothesis that some
SNPs would be associated with maximum BMI to then identify when in the life course, the
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association with BMI increase was the strongest. Other studies assessing the effect of adult
markers of obesity on birth weight2324 have had conflicting results, although one study had
similar results to ours.19 In our cohort, the childhood-ARS was associated with increasing
birth weight indicating that the effects on growth may begin /7 utero. In contrast, some
obesity variants had the strongest effect on BMI increase in adulthood. This may explain
why some individuals exhibit a larger body size throughout life and others do not begin to
develop excess weight until later in life.

Each allelic risk score showed a strong cumulative effect in its allocated period of life
strengthening the idea that obesity is a polygenic disease, and that individual differences

in risk of BMI increase during the life course might be explained by differing risk allele
profiles. Both childhood and adult were independent predictors of weight gain in both
periods of life. However, the childhood-ARS had an almost 6-fold stronger association in
childhood compared with adulthood, whereas the adult-ARS had a similar association with
weight gain in both periods of life (that is, the parameter estimates from the combined
models were almost identical). This indicates that carrying a greater number of “‘childhood
obesity’ risk alleles increases the risk of additional weight gain primarily in childhood, and
the *adult obesity’ risk alleles seem to exert their effect throughout life. Using an ARS

on the basis of all the 67 SNPs would not have allowed us to detect these nuances. We,
therefore, were not only able to show that more genetic variants have a stronger association
in childhood, but also that the association with additional BMI increase is often reduced in
adulthood, and other variants might become more important for weight regulation later in
life. Further, carrying a greater number of risk alleles appeared to favor fat mass and not lean
mass accumulation as associated increases in lean mass were attributable to the increases

in adiposity. We hypothesize that the identified variants are related to proteins involved

in energy intake and storage, rather than development or growth of organs and muscle

mass given the body composition results. Any effect of carrying a greater number of risk
alleles on the risk of impaired glucose regulation or developing type 2 diabetes mellitus was
mediated by the effect of the ARS on BMI increase. Our data also emphasize that greater
amounts of BMI increase during childhood often leads to more severe forms of obesity in
adulthood making the need for early intervention apparent. The reason why the majority of
these genetic variants are associated with weight increase in childhood is not fully clear. The
overall greater rate of change in childhood likely increased our power to detect differences in
this stage of life; however, we found >3-fold more variants associated with childhood BMI
gain compared with change in adulthood. It has been hypothesized that an increased ability
to store energy during childhood could have favored survival to reproductive age in the

past when episodes of food scarcity were more common.#647 This hypothesis is supported
by a study demonstrating that carrying a higher number of obesity-related risk alleles was
associated with a lower risk of failure to thrive during the first years of life.20

The 67 SNPs in this study were selected due to their association with maximum adult/
lifetime BMI in this population; therefore, we expected to obtain significant associations
with the rate of BMI change in at least one period of life for each SNP. However, 26 of
the SNPs were not related to the rate of BMI change during either childhood or adulthood.
This may be because our sample size did not provide enough power to detect very small
differences in the rate of BMI change that extended over the entire life course. For some

Int J Obes (Lond). Author manuscript; available in PMC 2022 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hohenadel et al.

Page 9

SNPs where the risk allele is uncommon (fr example, the novel variant in RNF10 has a risk
allele frequency ~ 3%), a very large sample would be needed to detect small differences

in the rate of change. Alternatively, there may have been associations with the rate of BMI
change before the age of 5 years, which were not captured in our analyses.

Our study does have limitations including a limited number of individuals used to assess
associations with BMI change over time compared with the size of the sample used to
determine the SNPs associated with maximum lifetime BMI. However, this smaller subset
of individuals was representative of the larger population with a similar mean age at first
visit in childhood, mean maximum BMI and degree of Native American heritage. Another
limitation of our study was that the individuals who were seen in childhood were not
always seen in adulthood, and other individuals first entered the study as adults; however,
an analysis with only those individuals that had been seen in both childhood and adulthood
led to similar results. In addition, for subjects with birth weight records, there were no
records of the mother’s weight at the time of delivery, which is a potential confounder that
we were unable to address. Finally, as is the case for all the association studies without
functional follow-up, it is unknown which nearby genes actually affect the change in

BMI. Although some of these SNPs are near loci previously implicated in obesity such

as the melanocortin-4 receptor® and the leptin receptor,2’” many are in intergenic regions
and we cannot speculate which causative variant is being captured by the associations.

In this population with a high prevalence of obesity, there are likely other genetic and
environmental factors that may contribute to each individual’s obesity risk although, in
general, this population has a more homogenous cultural and socioeconomic environment
than most. Our findings are supported by reports from European populations that variants
found to be associated with obesity in adulthood also have a strong association with the
rate of weight change in childhood.19:20.2249 The generalizability of the specific variants
that we found associated with BMI change in childhood and adulthood will need to be
determined by replication studies in other populations. However, despite differences in the
prevalence of obesity in this study population compared with others, findings on the natural
history of obesity within this population have generally been prototypical of obesity in other
populations.

Our observation that the majority of variants were associated with BMI exhibit the greatest
phenotypic changes during childhood has important implications. The cumulative effect

of obesity risk variants on childhood obesity, and subsequently more severe degrees of
obesity in adulthood, emphasize that for most individuals, obesity can best be prevented

if interventions and treatments are started early in life. Understanding when obesity risk
variants have their strongest impact in the life course is a first step towards understanding
the different mechanistic pathways that may lead to differing times of obesity onset between
individuals. Furthermore, our findings strengthen the notion that childhood might be the
most promising period in life to identify variants contributing to obesity risk and eventually
find new ways to prevent and treat obesity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

(a) Rate of BMI change in childhood and adulthood increases with increasing childhood-
ARS. The rate of BMI change in childhood and adulthood after adjusting for sex, age at first
visit, year of birth, degree of European admixture, sibling relationships and time between
the first and last visit. Error bars represent s.e.m. (b) BMI trajectories with increasing
childhood-ARS score. Black lines represent 50th and 95th percentile of the general US
population based on CDC growth charts50. Mean BMI after adjustment for sex, date of
birth, individual estimate of European admixture, age at visit, sibling relationships and the
effect of time modeled as a linear relationship. Error bars represent s.e.m. Childhood-ARS
trajectories are grouped for illustrative purposes. (c) Distribution of maximum adult BMI
by number of risk alleles. Distribution of maximum adult BMI by number of risk alleles
(grouping is for illustrative purposes only). All the subjects in this analysis were seen in
childhood and followed up into adulthood (7= 2488). The average number of visits and age
at recording of maximum BMI did not differ between the groups.
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Figure 2.
Birth weight increases with greater childhood-ARS. Childhood-ARS was significantly

associated with birth weight after adjusting for sex, gestational age, estimates of European
admixture, sibling relationships and year of birth. (11 g per risk allele; 2= 0.008). Error bars
represent s.e.m.
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Figure 3.

(a, b) Associations of percent body fat (PFAT), fat mass (FM) and fat-free mass (FFM)
with childhood-ARS in early adulthood. (a) Association of the residuals of percent body
fat adjusted for sex, age, estimates of European admixture and year of birth with childhood-
ARS. (b) Association of the residuals of fat mass adjusted for sex, age, height, estimates of
European admixture and year of birth with childhood-ARS.
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Figure 4.

(a, b) Rate of BMI change and BMI trajectories in adulthood with increasing adult-ARS.

(a) Rate of BMI change adjusted for sex, age at first visit, year of birth, degree of European
admixture, sibling relationships and time from first to last visit. Adult-ARS was significantly
associated with rate of BMI change (0.022 kg m ~2 per year per risk allele; 95% CI: 0.016—
0.027; £<0.0001). (b) Mean BMI per year after adjustment for sex, date of birth, individual
estimate of European admixture, age at visit and sibling relationships and the interaction of
age at visit and the risk score modeled as linear relationship. Error bars represent s.e.m.
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