International Journal of Epidemiology, 2018, 506-515

doi: 10.1093/ije/dyx255
Advance Access Publication Date: 2 December 2017

Original article

Genetic Epidemiology

Associations between genetic variants
associated with body mass index and
trajectories of body fatness across the life
course: a longitudinal analysis

Mingyang Song,"%3* Yan Zheng,® Lu Qi,*>*® Frank B Hu,>*®
Andrew T Chan'?*7 and Edward L Giovannucci®>*®

'Clinical and Translational Epidemiology Unit, Massachusetts General Hospital and Harvard Medical
School, Boston, MA, USA, 2Division of Gastroenterology, Massachusetts General Hospital, Boston,
MA, USA, ®Department of Nutrition, Harvard T.H. Chan School of Public Health, Boston, MA, USA,
*Channing Division of Network Medicine, Brigham and Women’s Hospital and Harvard Medical School,
Boston, MA, USA, °Department of Epidemiology, Tulane University, New Orleans, LA, USA,
®Department of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, MA, USA and "Broad
Institute of Massachusetts Institute of Technology and Harvard, Cambridge, MA, USA

*Corresponding author. Bartlett Ext., Room 906, 55 Fruit Street, Boston, MA 02114, USA.
E-mail: msong2@mgh.harvard.edu

Editorial decision 5 November 2017; Accepted 13 November 2017

Abstract

Background: The genetic associations with trajectories of body fatness over the life
course remain unknown.

Methods: We used a group-based modelling approach to identify trajectories of body
fatness from age 5 years up to 65 for 7277 women from the Nurses’ Health Study and
4645 men from the Health Professionals Follow-up Study. We created a genetic risk score
(GRS) based on 97 variants associated with adulthood body mass index (BMI) and esti-
mated its association with trajectories using logistic regression.

Results: We identified four distinct trajectories: lean-medium, medium-medium, lean-
heavy and medium-heavy. The GRS increased across the four groups in that order
(P<0.001); 47% of women and 45% of men in the first decile of the GRS were in the
lean-medium group, and these proportions reduced to 26% and 28%, respectively, for
the highest decile. The corresponding proportions in the medium-heavy group were 8%
and 5%, increasing to 21% and 14%, respectively. For women, compared with the odds
of being in the lean-medium group, a 10-allele increment in the GRS was associated with
a 40% [95% confidence interval (Cl), 27-54%], 43% (30-58%), and 115% (91-143%)
increase in the odds of being in the medium-medium, lean-heavy and medium-heavy
groups, respectively. For men, the corresponding increases in the odds were 26%
(12-42%), 27% (13-43%), and 81% (53-115%), respectively.
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Conclusions: Individuals with genetic variants for adulthood BMI were more likely to
maintain a heavy body shape and gain weight throughout life. These findings support a
persistent effect of genetic variants on body fatness across the lifespan.
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Key Messages

of body fatness across the lifespan.

throughout life.

* This longitudinal study found that genetic variants for adulthood BMI were associated with the different trajectories

¢ Individuals with more genetic BMI variants were more likely to maintain a heavy body shape and gain weight

* These findings provide evidence for a persistent effect of genetic variants on body fatness across the lifespan.

Introduction

Despite evidence for the tracking of childhood weight sta-
tus into adulthood,! there is considerable individual vari-
ation in the shape of trajectories of body fatness across the
lifespan.>> For example, for persons who start with a lean
body shape in childhood, some maintain leanness through-
out adulthood whereas others gain substantial weight and
become obese. These different trajectories have been found
to predict the subsequent risk for chronic diseases and
mortality.”™* Therefore, understanding the determinants
for the heterogeneity in the lifetime trajectories of body
fatness has important biological and public health implica-
tions. It may not only shed light on the aetiology of obes-
ity, but also facilitate identification of individuals at high
risk for obesity and development of tailored strategies for
prevention of obesity and its comorbidities.

Twin studies indicate that genetic factors explain
31-90% of the variation in body mass index (BMI).” A re-
cent meta-analysis of genome-wide association studies
(GWAS) has discovered 97 common genetic variants that
are associated with higher BMI for adults.® Many of the
implicated genes are highly expressed in the central ner-
vous system, and might have a persistent effect on the regu-
lation of body mass throughout lifetime."® Therefore,
studies have begun to interrogate the importance of genetic
susceptibility variants across the life course. For example,
some studies suggest that adult BMI alleles have a stronger
association with BMI in adolescence and younger adult life

9-12

relative to older adult life,” "~ possibly through accelerated

growth in early childhood."*'” However, these studies are

9,10,18

limited by the cross-sectional design, the small num-

10,11,19,20 2 11d the focus on a

9,10,13-18

ber of assessed genetic variants
narrow period of life course (mostly childhood).
Therefore, it remains largely unknown how genetic

variants influence the trajectories of body fatness across
the lifespan.

To extend our knowledge, we constructed a genetic
risk score (GRS) using 97 common single nucleotide
polymorphisms (SNPs) associated with adult BMI, and
examined its association with trajectories of body fatness
from age 5 through 65 years using two large, prospective
US cohorts. By classifying participants into distinct, mutu-
ally exclusive trajectory groups, we were able to directly
assess the genetic contribution to the population hetero-
geneity in change in body fatness over the life course.

Methods
Study sample

We studied participants in two prospective cohort studies:
the Nurses’ Health Study (NHS), which commenced in
1976 and has since enrolled 121700 female registered
nurses aged 30-55 years, and the Health Professionals
Follow-up Study (HPFS), which was initiated in 1986 and
has enrolled 51529 male professionals aged 40-75 years.
For both cohorts, follow-up questionnaires were adminis-
tered biennially to collect and update medical, lifestyle and
other health-related information. Between 1989 and 1990,
32826 women from the NHS and, between 1993 and
1995, 18225 men from the HPFS returned a blood speci-
men on ice packs by overnight courier. For the current
study, we included 9980 women and 6406 men of
European ancestry, whose genotype data were available
based on previous nested case-control GWASs of various
outcomes, including colorectal cancer, gout, kidney stone,
type 2 diabetes, glaucoma, coronary heart disease, percent
mammographic density (NHS only), endometrial cancer
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(NHS only), breast cancer (NHS only) and prostate cancer
(HPFS only). To minimize the influence of chronic diseases
on body weight, we excluded 2369 women and 1094 men
who had a diagnosis of cardiovascular disease, cancer or
diabetes before the age of 65 years. We also excluded 334
women and 667 men whose body shape or BMI data were
not available for six or more time points from ages of 3,
10, 20, 30, 40, 45, 50, 55 and 60, to 65 years. Therefore, a
total of 7277 women and 4645 men were included in the
final analysis. The study protocol was approved by the in-
stitutional review boards of Brigham and Women’s
Hospital and Harvard T.H. Chan School of Public Health.

Assessment of body fatness

In 1988, participants in both cohorts were asked to recall
their body shape in early and middle life by choosing one
of nine pictorial body diagrams (somatotypes) developed
by Stunkard et al.*'
previous body outlines at ages 5, 10, 20, 30 and 40. The
validity of this measure for assessing adiposity in early life

which best depicted their current and

has been evaluated among 181 participants aged 71 to 76
years in the Third Harvard Growth Study, by comparing
participants’ recalled somatotypes with their measured
BMI at approximately the same ages.”* The Pearson correl-
ation coefficients were 0.60 for age 5, 0.65 for age 10 and
0.66 for age 20 in women. The corresponding Pearson
correlation coefficients in men were 0.36, 0.66 and
0.53, respectively.**

Recalled weight at age 18 years was enquired in 1980 in
the NHS, and weight at age 21 years was enquired in 1986
in the HPFS. Participants in both cohorts reported their
height and weight at baseline enrolment and biennially
thereafter. We used these data to calculate the BMI at ages
40, 45, 50, 55, 60 and 65. To minimize random variation,
we used the average BMI within 2 years for each age. To
convert the BMI to the same scale as somatotypes in
younger ages, we built a linear regression model in each co-
hort for somatotype and BMI at age 40 among participants
with available data, and then used the regression coefficients
and reported BMI to impute the somatotype from age 40 to
65. The imputed somatotype highly correlated with partici-
pants’ reported somatotype at age 40 (r=0.74 in women,
0.70 in men) and in 1988 (r=0.83 in women, 0.71 in men),
indicating good performance of our rescaling method.

Trajectory modelling

We used a group-based trajectory modelling approach,
separately in women and men, to identify subgroups
within each cohort which shared a similar underlying
trajectory of body fatness from age S up to 65.>° The

model implemented by SAS Proc Traj fits longitudinal data
as a discrete mixture of two or more latent trajectories via
maximum likelihood.”? The model fitting and assessment
were performed separately for men and women. For this
study, we used a censored normal model as a polynomial
function of the time scale (i.e. age). The optimal number of
groups and the shapes of trajectories were selected for best
fit to the data using a two-stage approach based on the
change in the Bayesian Information Criterion (BIC).*
The first stage was to determine the number of groups
using a quadratic form for all trajectory groups. To ensure
adequate statistical power for the genetic analysis, we
considered up to four groups and compared the BIC with
that with 3, 2 and 1 groups, respectively. Once observing
that the model with four groups fitted the data best, we
then determined in the second stage the order of the poly-
nomial function specifying the shape of each trajectory.
We compared the BIC of the four group models with
different functional forms, and found that the model with
all groups with up to cubic order terms demonstrated the
best fit to the data. Therefore, the final trajectory model
was built using a cubic function of age for each of the four
trajectories. We then named the trajectory groups to de-
scribe their visual patterns (i.e. lean-medium, medium-me-
dium, lean-heavy and medium-heavy).

Based on the final model, we calculated the posterior pre-
dicted probability for each individual of being a member of
each of the four trajectories. Participants were assigned into
the trajectory group to which their posterior membership
probability was highest. We then assessed the adequacy of
our final model by calculating the average posterior prob-
ability of assignment for each group. Using >0.70 as the rec-

** our model demonstrated good

ommended criterion,
discrimination in classifying individuals into distinctive tra-
jectory groups: the average posterior probability for each
trajectory group was 0.95, 0.92, 0.92 and 0.97 in women

and 0.92,0.92, 0.88 and 0.95 in men, respectively.

Genotyping and computation of GRS

We included the 97 SNPs that are known to be associated
with BMI in adults.® SNP genotyping and imputation
have been described in detail elsewhere.>® All of the SNPs
were genotyped or had a high imputation quality score
(r*>0.8), as assessed by the MACH software (version
1.0.16, Center for Statistical Genetics, University of
Michigan). We created a GRS using the 97 SNPs by an
established weighting method. Each SNP was recoded
as 0, 1 or 2 according to the number of risk alleles
(BMI increasing alleles), and weighted by its relative
effect size (B coefficient) derived from the most recent
meta-analysis of GWASs.® The GRS was calculated using
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the equation: GRS = (2?71 B; x SNP,) X (Zg; ,
1= . Bl
i=1

where B; is the effect size of the SNP; on BMI. Each unit of
the GRS represented one risk allele, and the GRS could
theoretically range from 0 to 194, with a higher score indi-
cating greater genetic predisposition to obesity.

Statistical analysis

All the statistical analyses were performed in each cohort sep-
arately. We first compared the GRS and BMI at different
ages across the four trajectory groups by the Kruskal-Wallis
test, because the normality assumption was violated for these
dependent variables. We then calculated the proportion of
participants in each trajectory across deciles of the GRS, and
tested the statistical significance of the trend for the propor-
tions across deciles using the multinomial Cochran-Armitage
trend test.”® To assess the association between the GRS and
trajectory assignment, we used the ‘lean-medium’ group as
the reference and calculated the odds ratio (OR) and 95%
confidence interval (CI) of being in each of the non-reference
trajectories associated with 10-allele increment of GRS, by
the multinomial logistic regression. We also ran the ordinal
logistic regression model by using the trajectory as an ordinal
response variable (0 =’lean-medium’, 1 ="medium-medium’,
2 =’lean-heavy’ and 3 =’medium-heavy’) and calculated the
P-value for testing the overall trend of the GRS-trajectory as-
sociation. Similarly, we assessed each of the 97 individual
SNPs in relation to trajectory, using the additive genetic
model. To account for multiple testing, we adjusted the
P-values by estimating the false discovery rate (FDR) using
the Benjamini-Hochberg method.”” SAS 9.4 was used for all
analyses (SAS Institute Inc., Cary, NC, USA). All statistical
tests were two-sided, with the type I error rate of o =0.035.

Results

Figure 1 shows the four trajectories of body fatness from age
5 up to 65 in women and men: 35% of women and men
started lean and then experienced a moderate increase in
body fatness (lean-medium group); 27% of women and 28%
of men maintained a medium body shape throughout life
(medium-medium group); 24% of women and 27% of men
started lean and then gained a substantial amount of weight
(lean-heavy group); 14% of women and 10% of men started
with a medium body shape and then gained more weight
over age (medium-heavy group). As expected, the BMI pro-
file throughout adulthood in each group conformed well to
the patterns of the identified trajectories (Supplementary
Table S1, available as Supplementary data at IJE online).
For example, for women, the mean BMI in the lean-medium

group increased from 19.6 to 22.8kg/m* between age 18
and 65, whereas in the medium-heavy group the mean BMI
increased from 24.3 to 35.0 kg/m* during this period.

Figure 2 presents the proportion of trajectory groups ac-
cording to deciles of GRS (P for trend <0.001 for both
women and men); 47% of women and 45% of men in the
first decile of the GRS were in the lean-medium group, and
these proportions reduced to 26% and 28%, respectively,
for the highest decile. The proportions of participants in
the other groups all showed an increase from the lowest to
the highest deciles of the GRS: for women: 25% to 29%
for the medium-medium group, 20% to 23% for the lean-
heavy group and 8% to 21% for the medium-heavy group;
for men: 25% to 28% for the medium-medium group,
26% to 30% for the lean-heavy group and 5% to 14% for
the medium-heavy group.

We then assessed the association of GRS with trajectory
grouping (Table 1). The GRS increased from the lean-
medium, medium-medium, lean-heavy to medium-heavy
groups, with the mean of 87.0, 88.3, 88.4 and 89.9 in women,
and 87.1, 88.0, 88.0 and 89.4 in men, respectively
(P <0.001). For women, compared with the odds of being in
the lean-medium group, a 10-allele increment in the GRS was
associated with a 40% (95% CI, 27-54%), 43% (30-58%),
and 115% (91-143%) increase in the odds of being in the
medium-medium, lean-heavy and medium-heavy groups,
respectively (P for trend < 0.001). For men, the corresponding
increases in the odds were 26% (12-42%), 27% (13-43%),=
and 81% (53-115%), respectively (P for trend < 0.001).

Among the 97 SNPs in the GRS, 24 SNPs in women and
12 in men were nominally associated with the trajectories
of body fatness (P for trend < 0.05; Supplementary Tables
S2 and S3, available as Supplementary data at IJE online).
After correction for multiple testing, eight SNPs in women
and one SNP in men remained to be associated with the tra-
jectories with an FDR P-value of < 0.05 (Table 2). Among
these SNPs, rs1558902 in FTO showed the strongest associ-
ation with the trajectories: relative to being in the lean-
medium trajectory, one risk-allele increment in women was
associated with a 12% (95% CI, 3-22%), 23% (12-34%)
and 35% (22-50%) increase in the odds of being in the
medium-medium, lean-heavy and medium-heavy groups,
respectively (FDR P-value < 0.001). For men, the corres-
ponding increases in the odds were 12% (1-25%),
8% (—3-20%), and 46% (25-69%), respectively (FDR
P-value = 0.02). In addition, we found a modest association
with the trajectories in women for the variants in other
genes, including PMS2L.11, OLFM4, GNPDA2, RALYL,
ADCY3, LMX1B and MTCH2. The odds ratio for compar-
ing the extreme trajectories ranged from 1.10 to 1.28.

To test the robustness of our findings with participants
with modest accuracy of trajectory assignment, we
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Figure 1. Trajectory of body fatness by age in women (A) and men (B).

excluded 925 women and 832 men whose trajectory as-
signment probability was below 0.80. The results remained
essentially unchanged (Supplementary Table S4, available
as Supplementary data at IJE online). To examine whether
participants who were diagnosed with chronic diseases
may be more likely to be influenced by genetic BMI vari-
ants, we also performed a sensitivity analysis by restricting

to 5055 women and 2837 men who were used as controls
in the previous GWAS studies for various outcomes. Our
results also did not materially change (Supplementary
Table S4). Finally, given the possibility that a different
set of SNPs may influence adiposity across the life
course, we performed the trajectory analysis by starting at
age 30. As shown in Supplementary Figure S1 (available as
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Figure 2. Proportion of trajectory groups according to deciles of genetic risk score for obesity (GRS) in women (A) and men (B).

Supplementary data at IJE online), similar trajectory pat-
terns were identified, with good concordance in the trajec-
tory group assignments with those in our primary analysis
[weighted Kappa, 0.65 (95% CI, 0.64-0.66, P—0.006) in
women and 0.42 (95% CI, 0.39-0.44, P=0.01) in men].
Similar associations between the GRS and trajectories were
also observed (Supplementary Table S4).

Discussion

To our knowledge, this is the first study that examines the
effect of BMI-associated genetic variants on trajectories of

body fatness over the life course. Our results indicate that
individuals with more BMI risk alleles were more likely to
have a heavy body shape in early life and also to gain fur-
ther weight as they aged. Participants who carried 10 more
risk alleles had about a doubled likelihood of having a
medium-heavy trajectory relative to having a lean-medium
trajectory. These findings suggest a persistent effect of
adulthood BMI-related genetic variants on the trajectories
of body fatness across the lifespan. Therefore, these genetic
variants may be used for early identification of individuals
who will likely maintain a heavy body shape throughout
life, to facilitate targeted intervention.
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Table 1. Associations of trajectory of body fatness with genetic risk score (GRS) in women and men

Lean-medium  Medium-medium Lean-heavy Medium-heavy P for trend
Women
Mean GRS (SD) 87.0 (6.3) 88.3 (6.2) 88.4 (6.0) 89.9 (6.2) <0.001
OR (95% CI) per 10-allele increment in GRS® 1 (reference)  1.40 (1.27-1.54)  1.43 (1.30-1.58)  2.15 (1.91-2.43)  <0.001
Men
Mean GRS (SD) 87.1 (6.4) 88.0 (6.3) 88.0 (6.3) 89.4 (5.9) <0.001
OR (95% CI) per 10-allele increment in GRS® 1 (reference) 1.26 (1.12-1.42) 1.27 (1.13-1.43)  1.81(1.53-2.15) <0.001

SD, standard deviation.

“Multinomial logistic regression was used to derive ORs and 95% ClIs. Ordinal logistic regression was used to calculate the P-value for trend test.

Table 2. Odds ratio (95% confidence interval) of trajectory of body fatness per one allele increment in individual SNPs in women

and men (only SNPs with FDR < 0.05 are shown)?

SNP Nearest gene Lean-medium  Medium-medium Lean-heavy Medium-heavy P for trend FDR
‘Women
151558902  FTO 1 (reference) 112 (1.03-1.22)  1.23(1.12-1.34)  1.35(1.22-1.50)  <0.001  <0.001
152245368  PMS2L11 1 (reference) 117 (1.04-1.31)  1.15(1.02-1.30)  1.28 (1.11-1.47)  <0.001 0.02
1512429545  OLFM4 1 (reference)  1.05(0.93-1.19)  1.12(0.98-1.27)  1.26 (1.09-1.47) 0.003 0.04
rs10938397 GNPDA2 1 (reference) 1.13 (1.04-1.23 1.08 (0.99-1.18) 1.24 (1.12-1.38) <0.001 0.02
rs2033732 RALYL 1 (reference) 1.10 (1.00-1.21 1.09 (0.99-1.20) 1.21(1.07-1.37) 0.003 0.04
rs10182181 ADCY3 1 (reference) 1.10(1.01-1.19 1.14 (1.05-1.25) 1.14 (1.02-1.26) 0.001 0.03
rs10733682 LMX1B 1 (reference) 1.09 (1.00-1.18 1.13 (1.03-1.23) 1.14 (1.03-1.27) 0.002 0.03
rs3817334 MTCH2 1 (reference) 1.10(1.01-1.19 1.16 (1.06-1.26) 1.10 (0.99-1.22) 0.004 0.04
Men
rs1558902 FTO 1 (reference) 1.12 (1.01-1.25) 1.08 (0.97-1.20) 1.46 (1.25-1.69) <0.001 0.02

#Lean-medium’ group was used as the reference group. Multinomial logistic regression was used to derive the odds ratio and 95% confidence interval. Ordinal

logistic regression was used to calculate the P-value for trend test.

Previous studies on the genetic associations with adi-
posity have largely focused on growth and BMI changes
during childhood and adolescence. The findings suggest
that individuals who carry more adulthood BMI-related
genetic variants demonstrate accelerated weight gain in
early infancy and childhood,'”*®*? show earlier adiposity
rebound'*'* and maintain higher BMI throughout early
life."* However, evidence is limited regarding how genetic
variants influence body weight variations over the life
course. So far the only data available are from the British
National Survey of Health and Development (NSHD),
which included 2537 participants with repeated measure-
ments of BMI from age 2 to 53 years."” Using 11 adult
BMI-associated SNPs to create the GRS, the study found a
positive association between the GRS and BMI at all ages,
which reached its maximum at ages 11 and 20 years and
then stabilized. These results differ from our findings, be-
cause despite similar levels of body fatness at age 20 years
(Figure 1), the medium-heavy group in our study demon-
strated a much stronger association with the GRS than the
medium-medium group, suggesting that the genetic effect
on adiposity may persist beyond early adulthood. It is
possible that population differences between the two

studies, at least partly explain the discrepant results. In
contrast to the participants in our cohorts who were
mostly born in the USA between 1925 and 1940, the
NSHD participants were all born in 1946 and had very
low prevalence of childhood obesity due to postwar food
rationing in the UK from birth to age 8 years. Given the re-
cent data suggesting that the GRS was more strongly asso-
ciated with BMI among persons born in later cohorts,*’
possibly due to modification by obesogenic environment, it
is possible that delayed exposure to the obesogenic condi-
tions in our participants contributes to the extended pene-
trance of the genetic influence into middle adulthood. It is
also possible that standardization of diet achieved by food
rationing in the NSHD cohort leads to stronger observed
genetic effects on childhood versus later weight gain.'?
Consistent with our observation for a persistent effect
of genetic variants on adiposity from age 5 to 635 years, sev-
eral studies have linked genetic BMI variants to adulthood
weight change. A Swedish study assessed a GRS compris-
ing 32 BMI-associated SNPs in relation to BMI change
from age 25 through late adulthood.?" A higher GRS was
associated with a steeper increase in BMI until the age of
65 years, but after age of 65 years no consistent pattern
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was found,*' possibly due to the influence of late life dis-
eases and ageing-related body composition changes.
Similarly, a more recent study showed that a 31-SNP-based
GRS for obesity was strongly associated with increased an-
nual weight gain and substantial weight gain from age 20
to middle age (mean: 58 years).>*> However, paradoxically
the study found that a higher number of BMI-increasing
risk alleles were associated with decreased weight gain dur-
ing and after middle age.’> Although this observation is
difficult to explain, given the possibility that early life
weight gain may predispose to later weight loss due to ei-
ther physiological regulations or obesity-related morbid-
ities, it highlights the unique advantage of our trajectory
approach in assessing the risk factors for changes in body
fatness over time. Instead of dividing the life course into ar-
bitrary age periods, the trajectory approach respects the
continuity of body growth throughout life and classifies in-
dividuals into distinct, mutually exclusive groups, thus
allowing us to directly test the genetic contributions to
between-person differences in the dynamics of body fatness
over the life course.

Among all of the known genetic variants, the SNP in
FTO (rs1558902) showed the strongest associations with
trajectories of body fatness in our study, with an increasing
OR from the medium-medium, lean-heavy to medium-heavy
groups. Previous investigations have consistently established
a predominant effect of FTO on obesity, likely through the
hypothalamic regulation of appetite, energy homeostasis and
metabolic rate.>*™>% However, data about the life course in-
fluence of FTO loci on adiposity remain inconclusive.
Whereas several meta-analyses of cross-sectional studies
observed a stronger BMI-raising effect of genetic variations

1012 thers

at FTO in younger adults relative to older adults,
did not find any heterogeneity between age groups.>®
Because participants in the same age group may be born in
different periods with distinct exposure experiences through-
out life, these studies were unable to disentangle age, birth
cohort and period effects. A longitudinal study in the NSHD
found that the association of FTO variant with BMI
strengthened during childhood and adolescence, peaked at
age 20 years and then weakened during adulthood.'" In con-
trast, our previous analysis in the NHS and HPFS cohorts
indicated that the FTO-BMI association did not decline until
age 50-55.%° As discussed above, differences in population
experiences over the life course may have contributed to the
discrepant results between the two studies. For other genetic
variants, in agreement with our findings, previous studies
have identified positive associations with early life adiposity
for adult BMlI-related variants in several genes, such as
ADCY3,'837 OLFM4,'%3” GNPDA2,>3"-* LMX1B*” and
MTCH2,"° although the underlying biological mechanisms
remain to be elucidated.

Despite the similar patterns in the two sexes, we found
that the magnitude of the relationship of GRS with trajec-
tories appeared to be stronger in women than in men.
However, strict comparison between the two sexes is diffi-
cult because the trajectories were created within each co-
hort separately and sex-specific reference groups were used
in the analysis. It is possible that better performance of
the pictograms in assessing body fatness in women
(see Methods) may have contributed to the stronger results
than in men. Previous studies did not provide strong
evidence for the sex heterogeneity in the genetic influence
on BMIL'? although a few SNPs showed stronger associ-
ations with BMI in women than in men.®

Our study takes advantage of the rich genetic and
anthropometric data and long-term follow-up of two
well-established cohorts. Compared with previous studies,
we examined a much larger number of genetic variants
that have been associated with adult BMI. Furthermore,
because our study participants are all health professionals
born within a narrow window of time, the influence
of macro-environmental or birth cohort factors was
minimized. Additionally, the trajectory method we used
also provides an attractive alternative to traditional ana-
lysis by directly examining the between-person heterogen-
eity. Taken together with our previous findings, that
individuals with distinct trajectories were at strikingly dif-
ferent risk of chronic diseases (e.g. cancer and cardiometa-
bolic diseases) and early death in later life,”™* these
investigations provide novel data for the causes and conse-
quences of adiposity across the lifespan.

We acknowledge the limitations of our study. First, the
trajectories were constructed up to age 65 years, thus pre-
cluding assessment for late adulthood. However, our choice
for the end age was based on the data suggesting that BMI
after age 65 may not be a good indicator for adiposity, due
to ageing-related muscle loss.>” Furthermore, the incidence
of chronic diseases started to increase rapidly after age 63,
thus making it difficult, if not impossible, to distinguish the
biologically and behaviourally conferred variations of body
weight from those resulting from obesity-related morbid-
ities.* Second, body shape assessed by recalled somatotype
in early life and self-reported BMI in adulthood are subject
to measurement error. However, the good performance of
the instrument as indicated by previous validation studies
suggests that measurement error is unlikely to have a sub-
stantial influence on trajectory assignment.”* Third, for the
sake of statistical power, a limited number of trajectories
were derived that may not accurately reflect each person’s
profile of body fatness. However, the good discrimination
of our trajectory model and well-tracked change in BMI
across the trajectories indicate that these trajectories can
provide a parsimonious summary of the predominant
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features of lifetime body fatness in our population, without
a significant loss of information. This is further supported
by the similar results obtained after excluding participants
with suboptimal trajectory assignment.

In conclusion, we found that genetic variants for adult-
hood BMI were associated with the different trajectories of
body fatness across the lifespan. Individuals with more risk
alleles were more likely to have a heavier body shape
throughout life. Our results support a persistent effect of
genetic variants on body fatness across the lifespan. Future
studies are warranted to examine whether this persistence
is modifiable by early life exposures and to determine the
critical window during which genetic risk can be most
alleviated by early intervention.
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