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Abstract

I ntroduction: Genetic factors contribute to weight gain, but how these effects change over
adulthood is still unknown. We studied the impact of genetics on BMI change from young
adulthood to old age and its relationship with BM|I in early young adulthood.

Data and M ethods: Data from 16 longitudinal twin cohorts, including 111,370 adults (56%
women) and 55,657 complete twin pairs (42% monozygotic), were pooled. The data were divided
into three stages (young adulthood-early middle age, late middle age, and old age). BMI change was
calculated using linear mixed effects and delta slope methods. Genetic and environmental
contributions to these changes and their correlations with baseline BMI were estimated through
structural equation modeling.

Results: The average BMI increase per year was 0.18 kg/m? in men and 0.15 kg/m? in women
during young adulthood-early middle age (18-50 years), decreasing to <0.07 kg/m? at older ages.
Genetic effects contributed to BMI change during young adulthood-early middle age (men &2=0.29;
women &=0.26) and less so in late middle age (51-64 years) (men &=0.05; women &= 0.16) and
old age (>65 years) (men &=0.13; women &= 0.18). M ost variation was explained by non-shared
environmental effects. In men, greater BM| during early young adulthood (1830 years) was
associated with lower BMI change later in life (r= —0.22 to —0.13), and the association was driven
by genetic (ra=—0.27) and non-shared environmental (re=—0.22 to —0.14) factors. In contrast, the
association was positive in women (r=0.05-0.28) and was explained by genetic factors (ra=0.27—
0.51).

Conclusion: Genetics influence BMI change across adulthood, with their impact varying by age
and sex. Environmental factors are the main drivers of adult BMI change, highlighting the role of

modifiable factors in long-term weight regulation.
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I ntroduction

Body Mass Index (BMI) is the most widely used indicator of obesity in epidemiological studies.
Moreover, high and increasing BM|I across the lifespan increases health risks and is associated with
increased mortality (1) and the risk of several diseases (1, 2, 3). While BMI has been extensively
studied cross-sectionally, less is known about how genetic and environmental factors contribute to
BMI change throughout adulthood. Longitudinal studies on BMI are essential to understand the
processes underlying obesity risk in adulthood and can help when planning interventions to prevent
weight gain. Studies on BMI trajectories suggest that BMI increases from early to mid-adulthood
and either stabilizes or declines at later ages (4, 5). Overall, the trajectories across adult stages differ
in men and women. These differences can be due to various factors, such as different exposures and
life events, and different genetic factors affecting BMI in men and women as found in twin studies
(6). Previous studies have reported differences in the genetics of weight gain trgjectories during
some stages of adulthood in twin cohorts (7, 8, 9). However, the influence of genetic and

environmental factors on these patterns over adulthood is still poorly understood.

The influence of genetic factors on BMI and other obesity indicatorsis well-established (10, 11),
and twin studies have estimated the heritability for BMI to vary from nearly 80% in early adulthood
to approximately 60% in old age (6). Additionally, genome-wide association (GWA) studies have
identified numerous genetic variants linked to BMI differencesin adulthood based on cross-
sectional analyses (12, 13). However, the genetic basis of weight gain remains unclear. Research
involving twins and families has demonstrated that genetic factors contribute to weight change in
adulthood, with heritability estimates ranging from 0.57 to 0.90 (9, 10). Studies based on Finnish
twins have shown that the association between BMI in early adulthood and later BMI changeis
weak (8) or nonexistent in men and women (10). These and other previous studies have shown that

genetic factors play a substantial role in baseline BMI (7, 10, 14) and BMI change (8, 9, 10, 14).
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However, the relative contributions of genetic and environmental influences on BMI change across
the lifespan, how changes across different adulthood stages are linked to BMI in early adulthood,
and the genetic and environmental correlations underlying these associations have not been

thoroughly studied.

In this study based on pooled data from 16 longitudinal twin cohorts, we examined genetic and
environmental influences on BMI change and how they differ from young adulthood-early middie
age to older ages. Using the genetically informative twin design, we aimed to estimate i) differences
across cohorts in how genetic and environmental effects explain individual differencesin weight
change, ii) how contributions of genetic and environmental effects differ between life stages from
young adulthood to old age, and iii) how genetic and environmental factors contribute to the

relationship between BMI in early young adulthood and subsequent weight changes.

Data and methods

Cohorts
The data were derived from the CODATwins database in collaboration with the BETTER4U
consortium (15, 16). We selected 16 longitudinal twin cohorts from 10 countries across Europe,
North America, East Asia, and Austraia, all with BMI measures after 18 years of age. BMI was
calculated as weight (kg) divided by height squared (m?). Descriptive information of the cohorts

included in the study before applying exclusion criteria are displayed in Supplementary table 1.

Participants with at least two BM | measurements between 18 and 100 years were included,
resulting in apooled cohort of 111,370 twin individuals (56% women) from 55,657 complete twin
pairs (42% monozygotic (MZ), 46% same-sex dizygotic (DZ), 12% opposite-sex DZ), with two to

thirteen measurements. BM 1 was either measured (16%) or self-reported (84%). The Vietnam Era
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Twin Study of Aging had the smallest age range and fewest measures (15 years and 2
measurements), while the Danish Twin Cohort had the longest age range (82 years), and the
Netherlands Twin Register had the most measurements (13 measurements). Cohort-specific data on
baseline age, baseline BMI, and overal BMI change in men and women are presented in
Supplementary Table 2, while Supplementary Table 3 provides cohort-specific BMI change

information stratified by different stages of adulthood in men and women.

From the pooled data, different individuals were selected based on the analysis carried out. For the
cohort-specific analyses, al individuals and measures were included. For the analyses stratified by
life stage, individuals who had their first and last measurement in the same stage (young adulthood-
early middle age: from 18 to 50 years old; late middle age: from 51 to 64 years old; old age: >65
years old) were included (N= 16, 219). For the study of phenotypic correlations and the genetic and
environmental components underpinning these correlations, individuals who had their baseline
measurement in what we defined as early young adulthood (from 18 to 30 years old) were included
and then organized into the late middle adulthood and old age groups based on the age of their last
BMI measurement (N= 10,171). Those who had their last measurement in young adulthood-early

middle age were removed (N= 14,003).

Two sensitivity analyses were carried out. The first one, applied to all analyses, consisted of
dividing the young adulthood-early middle age stage into three substages and old age into two
stages, resulting in six stages: early young adulthood (from 18 to 30 years old), late young
adulthood (from 31 to 40 years old), early middle age (from 41 to 50 years old), late middle age
(from 51 to 64 years old), early old age (from 65 to 75 years old), and late old age (>75 years old),
based on previously published literature (17, 18). The second sensitivity analysis focused on

establishing associations, recognizing that changesin BMI are likely influenced not only by
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baseline BMI but also by other factors (such as zygosity, sex and baseline age among others).
Beyond simply measuring the strength and direction of alinear relationship between two variables,
this way of analyzing the relationship also accounts for potential causal or confounding influences,

providing a broader perspective on the factors affecting BMI change.

BMI change calculation

BMI change were calculated in two ways, depending on the number of measures of the individual.
In both methods, an estimate of the rate of change in BMI (i.e., slope) and a baseline value (i.e., an
intercept), collectively referred to as BMI trgjectory, were obtained for each participant. The delta
model was used for individuals with only two BM| measurements (in general or within a specific
stage of life). This method subtracts the BMI values between two time points and then divides the
differencesin BMI by the time elapsed between them. The linear mixed-effects (LM E) model was
used for individuals with three or more longitudinal measures. LM E models are suitable for
analyzing longitudinal data as they include both fixed and random effects that account for
correlations between longitudinal observations (19). In the LM E models, individual trajectories
were calculated using personal identifiers as random effects on the intercept and slope parameters.
Outlier measures of BMI change were excluded (see the distribution of BMI change displayed in
Supplementary figure 1). These analyses were performed using the R software (version 4.2.3) and
the R packages Ime4 (version 1.1-34), ImerTest (version 3.1-3), dplyr (version 1.1.4),

modelsummary (version 1.4.3) and optimx (version 2023-10.21).

Correlational analysis

Pairwise Pearson correlations were obtained to investigate the relationships between baseline BM|
in early young adulthood (ages 18 — 30 years) and changesin BMI in later stages. The data from the

included cohorts were pooled, and only twins with the first measurement in early young adulthood
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(aged 18 — 30 years) were included (N= 52,601 individuals). The data were then divided into three
and six stages as detailed previously based on the age of the last measurement. Based on prior
literature on sex differences (6, 8, 9) as well as evidence of significant sex differencesin BMI
trajectories found using LM E models (results and the LME models are displayed in Supplementary
Table 2), we dtratified these analyses by sex. The non-random sample design was accounted for by
using the family identifier as arandom variable in the LME. Since changesin BMI are likely
influenced not only by BMI at baseline but also by other factors, we conducted sensitivity analyses
using LME model. In this model, the association between changesin BMI and BMI at baseline was
examined with the addition of fixed-effect covariates. The model used is displayed in the caption of
Supplementary Table 4 and 5. These analyses were performed using the R software (version 4.2.3)

and the R package Ime4 (version 1.1-34).

Genetic structural equation modelling

Genetic twin modelling was performed to examine the genetic and environmental contributions to
individual variationsin BMI trgjectories (20). MZ co-twins have virtually identical genetic DNA
sequences, whereas DZ co-twins share, on average, 50% of their genes identical-by-descent. The
trait variance can be decomposed into four components: (i) additive genetic effects (A), which
include the effects of all the loci affecting thetrait (correlation of 1in MZ twinsand 0.5in DZ
twins); (ii) genetic dominance effects (D), where the heterozygote phenotype deviates from the
additive model; (iii) shared environmental effects (C), where al the environmental factors that
make the co-twins similar are included (correlation of 1in MZ twinsand 1.0 in DZ twins); and (iv)
unique environmental effects (E), in which all environmental variables making the co-twins
different are included along with the measurement error (correlation of 0in MZ and DZ twins).
Univariate models were applied to identify the best fitting model for (i) BMI change across

adulthood within each included cohort, (ii) BMI change during three stages in pooled data, and (iii)
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adulthood BMI change at six stages in pooled data. These models were also used to estimate the
contributions of genetic and environmental effects. To identify the best-fitting model, intraclass
twin correlations (ICC) for DZ and MZ co-twins were calculated by dividing within-pair variation
by between-pair variation, as estimated through analysis of variance (Supplementary Tables 6 and
7). Based on these correlations, the additive genetic/shared environment/unique environment (ACE)
model with both quantitative (different variance components for men and women) and qualitative
genetic sex differences (the genetic correlation of opposite-sex DZ twins was freely estimated) was
selected as the baseline model. This model was then compared to ACE models without sex
differences, the ACE model without sex-specific genetic effects, and the AE model. The full AE
model was used as a reference for comparison with AE models without sex differences and without
sex-gpecific genetic effects. Model comparisons were conducted using -2 log likelihood (-2LL) tests
and p-value information. Differences in model fit were assessed by comparing the y*-distributed -
2L L measures for each model. Based on model comparisons, an AE model without qualitative sex
difference but with different variance components for both sexes was selected for BMI change at (i)

three stages and (ii) six stages (Supplementary Tables 8 and 9).

Finally, bivariate Cholesky decomposition, a model-free method to decompose al variations and
covariations in the datainto uncorrelated latent factors (21), was used to decompose the covariation
between the three different measures (BMI at early young adulthood, BMI change from early young
adulthood to late middle age and, BMI change from early young adulthood to old age) into genetic
and environmental covariances. When these covariances were standardized, we obtained estimates
of additive genetic (ra) and unique environmental (re) correlations between BMI at early young
adulthood and BMI change from early young adulthood to subsequent stages of adulthood. Genetic

twin modeling was performed in the R software (version 4.2.3) and the R package OpenMx
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(version 2.21.11). The 95% confidence intervals (Cl) were obtained by maximum likelihood

estimation (22).

Results

The mean baseline BMI (21.63 —28.88 kg/m? in men and 21.69 —25.10 kg/m?in women) varied
between the cohorts. In most cases, mean baseline BM|I values fell within the healthy weight range
(BMI: from 18.5 to less than 25). The exceptions were the TwinsUK, Washington State Twin
Registry, and Vietnam Era Twin Study of Aging cohorts in men, as well as both men and women
from the Murcia Twin Registry. Across all cohorts, men had higher mean baseline BMI values
compared to women (Supplementary table 2). The changes in BMI across the three adulthood
stages by sex are presented in Table 1. In men and women, the mean rate of BM| change was higher
during young adulthood-early middle age stage (0.18 kg/m? per year for men and 0.15 kg/m? per
year for women) and then decreased being the lowest in old age (0.01 kg/m? per year for men and -
0.01 kg/m? per year for women). A similar declinein BMI change over aging was also observed
when using six adulthood stages (Supplementary Table 10). Cohort-specific results showed
substantial variation in BM| change among the cohorts in men (0.03 — 0.31 kg/m? per year) and

women (0.06 — 0.22 kg/m” per year) (Supplementary table 2).

The results of the relative proportions of additive genetic and unique environmental effects on BMI
changein different cohorts are shown in Table 2. Additive genetic effects on BMI change were
observed in men (a?=0.06 — 0.59) and women (a’=0.10 — 0.57) in all cohorts. However, for most of
the cohorts, the unique environmental effects were even larger (€ =0.41 —0.94 in men and 0.43 —
0.93 in women). Moreover, we found significant heterogeneity in the additive genetic effects

estimates across the cohorts (p < 0.001).
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Next, we studied the genetic and environmental contributions in the pooled data stratified by three
adulthood stages (Table 3). We found evidence for additive genetic effectsin all stages (a’= 0.05 —
0.29 in men and a>= 0.16 — 0.26 in women), with additive genetic effects being the highest in the
young adulthood-early middle age stage. Additive genetic effects had the lowest values during late
middle age in both sexes (&%= 0.05 and 0.16 in men and women, respectively), whilein old age, the
values were intermediate between the two previous stages (a’= 0.13 in men and 0.18 in women).
The additive genetic effects were higher in women than in men, except in the young adulthood-
early middle age. Similar results were found when considering six adulthood stages (Supplementary

Table 1).

Finally, we analyzed whether BMI in early young adulthood (18 — 30 years old) is associated with
later BMI change. Table 4 displays the phenotypic, additive genetic (ra), and unique environmental
(re) correlations. In men, a negative phenotypic correlation was observed between BMI in early
young adulthood and BMI change from early young adulthood to subsequent stages (r=-0.22 — -
0.13), whereas in women, the correlations were al positive (r= 0.05 — 0.28). For the correlations
between BMI in early young adulthood and BMI change from early young adulthood to subsequent
stages, genetic factors contributed only in old age (ra= -0.27) and unique environmental factorsin
both late middle age (from 51 to 64 years old) and old age (>65 years old) (re= -0.22 —-014) in
men. In women, only genetic factors in late middle age and old age accounted for the correlations
(ra=0.27 —0.51). When these analyses were carried out using six adulthood stages, the phenotypic
correlations showed the same directions except in men for BMI change from early young adulthood
to early middle age (Supplementary table 12). The unique environmental factors showed similar
results, except in women for BMI change from early young adulthood to late young adulthood. The
additive genetic factors also showed similar results, being significant and positive in women in all

stages, while in men, these factors did not reach statistical significance until early and late old age
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and presented a negative estimate. Sensitivity analysis, using LM E models instead of Pearson
correlations for exploring the relationships between BMI in early young adulthood and changesin
the two subsequent stages of adulthood (late middle age and old age) (Supplementary table 4) and
five subsequent stages of adulthood (Supplementary table 5) showed significant resultsin all cases
except for women in late young adulthood. This reinforces the results obtained through Pearson
correlation and enhances the robustness of our results, suggesting that the observed relationships

persist even when accounting for potential confounding factors.

Discussion

This study examined the genetic and environmental contributionsto BMI change over adulthood in
multiple twin cohorts. The findings indicate that genetic effects play arole in BMI change;
however, their influence varies across different stages of adulthood and differs between men and
women. Genetic effects on BMI change were relatively higher in women, especially in the young
adulthood-early middle age stage, while men showed lower genetic effects overall. Unique
environmental effects emerged as the predominant influence across most cohorts. These findings
highlight that while there is a genetic predisposition to BM I change, environmental effects linked to
factors such as lifestyle, physical activity, medical conditions, and socioeconomic status, may exert
astronger and more sustained impact, especially in later adult stages. Furthermore, correlations
observed between BMI in early young adulthood and BM1 change in subsequent stages suggest
long-term effects of early adult life factors on BMI regulation. In women, these correlations were
positive while in men the correlations were negative. These results reinforce previous findings that

early BMI is apredictor of later obesity and weight fluctuations (9).
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Additive genetic factors influenced BMI change in al cohorts, although the proportion of variation
explained by genetic effects varied among the cohorts. These differences could be due to factors
related to the macro-environment, such as differences in demography, culture, eating and physical
activity habits, in addition to variables like birth cohort and the age when measurements were taken.
To the best of our knowledge, athough studies on the heritability of BMI (12) and BMI change (8,
10, 14, 23) at different stages of adulthood have been conducted, no previous studies have reported
the heritability of BMI change during adulthood in such large numbers of cohorts and life stages.
Furthermore, after pooling the data and subsequent analysis of heritability in the different stages of
adulthood in both men and women, the genetic effects exhibited two peaks of greater influence in
both sexes: one in young adulthood-early middle age and the other in old age. Additionally, the
lowest influence was observed in late middle age when studying three adulthood stages and early
and late middle age when studying six stages. Previous twin studies have shown greater genetic
effects on BMI (heritability ranged 0.57 — 0.77 in men and 0.59 — 0.75 in women) (6) than we found
for weight change. This suggests that, while inherited traits contribute substantially to BMI, factors
that include environmental effects (possibly individual life situations, lifestyle, marital status,
working situation, and childbearing among others) are the primary drivers of BMI change
throughout adulthood. Larger genetic effects on BMI change than in our study have been found in
previous twin studies carried out in Finnish Twin cohorts (8, 10, 14) and other such as NAS-NRC
Twin Registry (24) and Kaiser-Permanente Women Twins Study (California) (25) . However,
consistent results to those obtained in the current study were found in a previous study carried out in
Danish and Chinese adult twins (including atotal of 683 twin pairs) (23). Nevertheless, our study
presents amajor difference with the previously mentioned studies (the majority of them used a
cohort included in the current study) which is the calculation of BMI change using a different

method (delta method instead of LME or latent growth models).
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Phenotypic correlations were identified between BMI in early young adulthood and BMI change
from early young adulthood to subsequent stages in both men and women, but the direction of these
correlations was different. The correlation coefficients for men were generally negative, indicating
that those with higher BMI in early young adulthood tended to experience a decline in BMI change
over time. Conversely, positive correlations were observed in women, indicating that those with
higher BMI in early young adulthood tended to experience greater BM| change across subsequent
stages of adulthood. Previously published twin studies that used some of the cohorts included in the
currently used database have shown that correlations between BMI in early adulthood and its

changes later in adulthood were weak (8) or non-existent (10).

Genetic and environmental factors have different contributions to the correlations between BMI in
early young adulthood and later weight change in men and women. In men, negative genetic
correlations were found between BMI in early young adulthood and its changes from early young
adulthood to late middle age and old age. Moreover, significant negative unique environmental
correlations were found in men between BMI in early young adulthood and changes from early
young adulthood to the subsequent adulthood stages. These associations may ariseif BMI in menin
early young adulthood is primarily muscle mass, but weight gain is primarily fat mass accumulation
especially considering that this life stage often coincides with peak physical fitness and higher
engagement in physical activity. As men age, physical activity levelstypically decline, and
metabolic changes can lead to the development of sarcopenic obesity which is characterized by the
increase in fat mass and a concurrent decrease in muscle mass (26). Therefore, the negative genetic
and environmental correlations observed may indicate that individuals with higher muscle-related
BMI in early young adulthood are genetically and environmentally predisposed to alower rate of
fat accumulation later in life. In women, all phenotypic correlations showed a positive significant

genetic correlation, indicating consistent and substantial genetic overlap between BMI in early
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young adulthood and BM|I change from early young adulthood to all adulthood stages. Significant
environmental correlations were only observed when adulthood was divided into six stages
specifically in BMI change from early young adulthood to early middle age. This suggests that

unique environmental factors have a significant, stage-specific influence on BMI change.

The most important strength of this study is the extensive sample of twins with follow-ups from
early young adulthood to old age, spanning over six decades with up to 13 measurements per
individual. This allowed us to estimate the contributions of genetic and environmental factors on
BMI change in different life stages as well as phenotypic, genetic and environmental correlations
between BMI in early young adulthood and later changesin BMI until old age. Although we have
used pooled data from most twin cohorts worldwide, there is alack of data from many parts of the
world, such as Africaand South America, and all cohorts represent high-income countries.
Therefore, our results may only be generalized to affluent populations mainly following a
Westernized lifestyle. Another limitation is the use of linear models to estimate changesin BMI
during adulthood. BMI trgjectories, as shown in the current study, may exhibit nonlinear patterns
after 60 years old. Thus, the assumption that changesin BMI are linear over time can only be
applied when the changes are observed between 18 and 60 years old, posing a limitation when
including changes after the age of 60 years. Furthermore, we did not have information on modifiers,
such as nutrition, physical activity, childbirth and other lifestyle factors that can contribute to BMI
change. Finally, another limitation of the present study is related with the use of a stage ranging
from 18 to 50 years of age. This broad age range covers several distinct periods of adult life, each
characterized by different biological, psychological, and social processes, which may affect the

interpretation of the BMI change patterns observed.
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In conclusion, this study highlights the complex interplay between genetic and environmental
effects on BMI change across adulthood in different cohorts and at various stages of adulthood. It
shows that BMI in early young adulthood is linked to later changes, influenced by both genetic and
environmental effects. Notably, genetic factors contribute less to variation in adult weight gain than
previously suggested for BMI, and these genetic effects may differ from those affecting BMI in
early young adulthood. The study also underscores important sex differences, emphasizing the need

to consider sex-specific effects when examining BMI tragjectories.
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Table 1. BMI change rates (kg/m® per year) across different stages of adulthood with 95%
confidence intervals in the pooled data by sex.

Adulthood stages Men Women
Mean 95% ClI Mean 95%CI
LL UL LL UL
Y oung adulthood-early middle age (18-50 yearsold) | 0.18 | 0.16 | 024 | 015 | 011 | 0.21
Late middle age (51-64 years old) 004 | 001 | 007 | 006 | 002 | 0.10
Old Age (>65 years old) 001 | -0.01 | 0.03 | -0.01 | -0.05 | 0.04

Caption: BMI change rate is displayed in young adulthood-early middle age, |ate middle age and
old age stages in men and women from CODATwins data after the inclusion of the individuals with
their first and last BMI measure both inside one of the three stages of adulthood. In both the change

rate decrease as one progresses through the stages. Abbreviations: Cl: Confidence Interval; LL:
Lower limit; UL: Upper limit.
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Table 2. Relative proportions of BMI change rate variance explained by additive genetic and
unique environmental variance components with 95% confidence intervals of BMI change over the

course of adulthood by cohort and sex.

Men Women
Additive genetics | Unigue environment |  Additive genetics Unique
environment
& 95% Cl & 95% Cl & 95% Cl e 95% Cl
LL UL LL UL LL UL LL UL
Europe
Danish Twin 021 | 016 | 025 | 0.79 | 0.74 | 083 | 0.26 020 | 0.30 | 0.74 | 0.69 | 0.79
Cohort
Swedish Twin 016 | 012 | 019 | 084 | 080 | 087 | 028 025 | 031 | 0.72 | 0.68 | 0.74
Register
Finnish Old Cohort | 0.21 | 0.16 | 0.25 | 0.79 | 0.75 | 083 | 0.25 | 0.20 | 0.28 | 0.75 | 0.71 | 0.79
FinnTwinl2 033 | 009 | 051 | 067 | 048 | 090 | 0.57 043 | 0.68 | 043 | 0.31 | 0.56
FinnTwinl6 047 | 0.37 | 054 | 053 | 045 | 062 | 056 # 0.49 | 0.62 | 044 | 0.37 | 0.50
TwinsUK 029 | 017 | 040 | 0.71 | 059 | 082 | 0.10 | 0.05 | 0.14 | 0.90 | 0.85 | 0.95
Netherlands Twin 045 | 037 | 051 | 055 | 048 | 062 | 020 0.13 | 031 | 085 | 0.79 | 0.94
Registry
[talian Twin 059 | 042 | 071 | 041 | 028 | 057 | 031 0.18 | 041 | 0.69 | 058 | 0.81
Registry
Murcia Twin 0.15 | 000 | 0.33 | 085 | 0.66 | 1.00 | 0.07 | 0.00 | 0.16 | 093 | 0.88 | 1.00
Registry
Swedish Y oung 051 | 045 | 055 | 049 | 044 | 0.54 - - - - - -
Male Twin Study
North America
Washington State 024 | 018 | 031 | 0.76 | 0.68 | 081 | 0.22 | 0.16 | 0.28 | 0.78 | 0.71 | 0.83
Twin Registry
Colorado Twin 033|020 | 043 | 067 | 056 | 0.79 | 054 | 043 | 0.62 | 046 | 0.37 | 0.56
Registry
NAS-NRC Twin 044 | 0.39 | 047 | 056 | 052 | 0.60 - - - - - -
Registry
ViethamEraTwin | 0.06 | 0.00 | 0.16 | 0.94 | 0.83 | 1.00 - - - - - -
Study of Aging
Asia
Korea Twin-Family | 0.20 | 0.11 | 0.29 | 0.80 | 0.74 | 0.87 | 0.10 | 0.00 | 0.21 | 0.90 | 0.78 | 1.00
Register
Australia
Queensland Twin 021|012 | 028 | 079 | 0.71 | 087 | 016 | 0.10 | 0.20 | 0.84 | 0.79 | 0.89
Register
World
All cohorts 031|029 | 032 | 069 | 067 | 0.70 | 0.19 0.17 | 0.20 | 0.81 | 0.79 | 0.82

Caption: Full AE model was used in all the cohorts for BMI change variable Abbr eviations: &
Heritability; €% proportion of total variance explained by unique environmental factors; ClI:
Confidenceinterval; LL: Lower limit; UL: Upper limit; BMI: Body mass index.
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Table 3. Relative proportions of body mass index (BM1) changes (kg/m? per year) rate variance
explained by additive genetic and unique environmental variance components with 95% confidence
intervals of BMI change across three stages of adulthood in the pooled data by sex.

Men Women
Additive genetic Unigue Additive genetic Unique
effect environmental effect environmenta
effect effect
& 95%Cl e 95%Cl a 95%Cl e 95%Cl
LL UL LL UL LL UL LL UL

Young adulthood- | 0.29 025 | 032 | 0.71 | 0.67 | 0.74 | 0.26 | 0.22 | 0.28 0.74 | 0.71 | 0.77
early middle age

Late middle age 005 000 | 011 | 095 | 0.89 | 1.00 | 0.16 | 0.09 | 0.21  0.84 | 0.78 | 0.90

Old age 013  0.00 | 0.28 | 087 | 0.72 | 1.00 | 0.18 | 0.07 | 0.28 | 0.82 | 0.71 | 0.92

Caption: AE model without sex specific genetic effect was selected for BMI changein all the
different stages of adulthood. Abbreviations: a proportion of total variance explained by additive
genetic factors (Heritability); €* proportion of total variance explained by unique environmental
factors; Cl: Confidence interval; LL: Lower limit; UL: Upper limit.

26



https://doi.org/10.1101/2025.05.28.25328482
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.05.28.25328482; this version posted May 28, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

Table 4. Phenotypic, additive genetic and unique environmental correlations of body mass index
(BMI) at early young adulthood (18-30 years of age) and the changesin BMI (kg/m* per year) from
early young adulthood to subsequent stage in two stages of adulthood in the pooled data by sex.

Phenotypic Additive genetic Unique environmental
correlation correlation correlation
Pairs of Variablesto study
r 95%Cl ra re
LL UL LL UL LL UL
Men
BMI at early young adulthood vs -0.13 | -0.15 | -0.10 | -0.04 | -0.09 | 0.03 | -0.14 | -0.20 | -0.07

changes early young adulthood-late
middle age

BMI at early young adulthood vs
changes early young adulthood-old

age

-0.22 | -0.25 | -0.19

-0.27 | -0.34 | -0.15

-0.22 | -0.27 | -0.16

Women

BMI at early young adulthood vs
changes early young adulthood-late
middle age

0.05

0.03 | 0.08

027 |014 |040

-0.03 | -0.09 | 0.01

BMI at early young adulthood vs
changes early young adulthood-old

age

0.28

021 |034

051 |034 |0.68

003 |-0.13 |0.20

Caption: Pairwise correlations between body mass index (BMI) at early young adulthood and the
changesin BMI (kg/m? per year) from early young adulthood to subsequent stage in two stages of
adulthood were carried out. They are summarized with correlations estimates besides their
confidence intervals. Abbreviations: ra: additive genetic correlation; rg; specific environmental
correlation; Cl: Confidenceinterval; LL: lower limit; UL: upper limit; BMI: body mass index.
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