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Body composition, lifestyle, and depression: i

a prospective study in the UK biobank
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Abstract

Background Obesity has been related to depression and adhering healthy lifestyle was beneficial to lower

the risk of depression; however, little is known about the relationship between body composition and fat distribu-
tion with depression risk and the influence of body composition and fat distribution on the association of lifestyle
and depression. Therefore, we aimed to investigate whether body composition and fat distribution were associated
with the adverse events of depression and the relationship between lifestyle and depression.

Methods We included 330,131 participants without depression at baseline in the UK Biobank (mean age, 56.9 years;
53.83% females). The assessment of depression was sourced from health outcomes across self-report, primary care,
hospital inpatient data, and death data. Body composition was determined by bioelectrical impedance. Seven
lifestyles (no current smoking, moderate alcohol consumption, regular physical activity, healthy diet, less sedentary
behavior, healthy sleep pattern, and appropriate social connection) were used to generate a lifestyle score.

Results During a median of 11.7 years of follow-up, 7576 incident depression occurred. All the body composition
measures were positively associated with depression risk, with the Hazard ratios (HR) for the uppermost tertile (T3)
versus the lowest tertile (T1) ranging from 1.26 (95% Cl: 1.15-1.39) for trunk fat-free mass (TFFM) to 1.78 (1.62-1.97)
for leg fat percentage (LFP). In addition, we found significant interactions between fat mass-related indices, espe-
cially leg fat mass (LFM) (p=1.65x 1 07, and lifestyle score on the risk of depression, for which the beneficial asso-
ciations of a healthy lifestyle with the risk of depression were more evident among participants with low body fat
measurement.

Conclusions High levels of body composition measures were associated with an increased depression risk. Adverse
body composition measures may weaken the link between a healthy lifestyle and a reduced risk of depression.
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likely to suffer from depression [5]. A Mendelian rand-
omization study in UK Biobank showed that obesity was
a causal risk factor for depression [6]. However, previous
studies used body mass index (BMI) as a surrogate for
adiposity, under the assumption that body composition
is sufficiently similar between individuals. Large inter-
individual variability exists in body composition and fat
distribution for those with a similar BMI [7]. It has been
shown that the difference in body fat mass was more sig-
nificant than the difference in BMI, suggesting that the
latter may underestimate the extent of obesity in this
population [8]. A study in a weight loss trial showed that
increases in BMI and body fat attenuated the improve-
ment in depression during weight loss [9]. A case-control
study indicated that BMI, body fat percentage (BEP), fat
mass, fat-free mass, and waist-hip ratio (WHR) were
higher in patients with lifetime depression compared to
healthy controls [10].

Lifestyle is a common and crucial modifiable risk fac-
tor for many diseases. Many researchers applied scores to
evaluate the lifestyle and suggested that adhering healthy
lifestyle was beneficial for lowering the risk of adverse
events [11-13]. Behavioral intervention is a widely
accepted treatment for depression [14]. A systematic
large-scale research identified a set of modifiable factors
associated with depression across social, sleep, dietary,
and exercise-related domains, and these factors were
supported by Mendelian randomization evidence [15].
However, the selection of limited lifestyle factors [16] in
previous studies leaves emerging important factors such
as sleep pattern, sedentary behavior, and social connec-
tion out of the lifestyle scores in relation to the risk of
depression. We sought to apply a new comprehensive
lifestyle score, defined following the prevailing guide-
lines on depression [17], to evaluate the joint impact of
lifestyle and body composition on the risk of depression
[11].

In this study, we investigated the associations of body
composition and fat distribution with depression in
the British population. We further examined whether
a healthy lifestyle pattern based on seven modifiable
lifestyle factors: smoking, diet, alcohol consumption,
physical activity, sleep pattern, social connection, and
sedentary behavior, could modify the association of body
composition with depression.

Methods

Study design and population

Our study was conducted among participants from the
UK Biobank, a prospective population-based cohort
study. The UK Biobank study started in 2006 and, until
2010, recruited more than 500,000 participants aged 37
to 73 years from the general population at 22 assessment
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centers throughout the United Kingdom. Participants
provided information on lifestyle and other potentially
health-related aspects through extensive baseline touch-
screen and nurse-led questionnaires, physical measure-
ments, and biological samples [18]. In the current study,
we included all participants who were classified as British
and without a history of reported depression at baseline,
and participants without data on genetic and lifestyle
factors (smoking, diet, alcohol consumption, physical
activity, sleep pattern, social connection, and sedentary
behavior) were excluded.

Body composition

We examined continuous physiological measures
obtained at the baseline assessment, including body mass
index (BMI), waist circumference (WC), hip circumfer-
ence (HC), body fat percentage (BFP), whole-body fat
mass (WBFM), whole-body fat-free mass (WBFFM),
whole-body water mass (WBWM), trunk fat percent-
age (TFP), trunk fat mass (TFM), trunk fat-free mass
(TFEM), leg fat percentage (LFP), leg fat mass (LFM),
leg fat-free mass (LFFM), arm fat percentage (AFP), arm
fat mass (AFM), and arm fat-free mass (AFFM). BMI
was calculated as weight in kilograms divided by the
square of height in meters and classified into three cat-
egories based on the World Health Organization’s cri-
teria: underweight/normal (<25kg/m?), overweight (25
-30kg/m?), and obese (>30kg/m?) [19]. WHR was cal-
culated as waist circumference in centimeters divided
by hip circumference in centimeters and classified into
three different body shapes: normal weight, peripheral
obesity (WHR<0.76 for females and WHR<0.87 for
males), and abdominal obesity (WHR >0.84 for females
and WHR >0.99 for males) [20]. Fat mass to fat-free mass
ratio (FFR) was calculated as whole body fat mass divided
by whole body fat-free mass.

Lifestyle factors
Our study considered seven modifiable behavioral fac-
tors, including four traditional factors (smoking, physical
activity, alcohol consumption, and diet) and three novel
factors (sleep pattern, sedentary behavior, and social con-
nection [21]) according to previous evidence, to generate
a lifestyle score [11, 22]. Details of the assessment of each
lifestyle factor can be found in Supplementary Table 1-3.
The standard of low-risk lifestyle in our study included
no current smoking, moderate alcohol consumption,
regular physical activity, healthy diet, less sedentary
behavior, healthy sleep pattern, and appropriate social
connection. Regular physical activity was defined as
at least 150 min/week of moderate activity or 75min/
week of vigorous activity (or an equivalent combina-
tion). Participants who reported no drinking or drinking
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on special occasions only, and no more than one drink/
day for women and two drinks/day for men (one drink
is measured as 8g ethanol in the UK [23]) were defined
as moderate drinking. A low-risk level diet was defined
as an adequate intake of at least one-half of 10 food
groups recommended as follows: increased consumption
of fruits, vegetables, whole grains, fish, dairy, and veg-
etable oils and reduced consumption of refined grains,
processed/unprocessed meats, and sugar-sweetened bev-
erages [13, 24]. Healthy sleep patterns were defined by
five individual sleep behaviors (sleep duration, chrono-
type, insomnia, snoring, and excessive daytime sleepi-
ness) [22]. For each sleep behavior, low risk or high risk
was coded as 1 or 0, respectively. A healthy sleep score
was the sum of the five scores, ranging from 0 to 5. Low-
risk sleep behaviors were defined as healthy sleep scores
of 4 or 5. We defined a low-risk level of sedentary behav-
ior as the time of television watching <4h/day accord-
ing to a previous study [25], The social connection level
was evaluated by the information on the number in the
household, frequency of friend/family visits, and partici-
pation in leisure/social activity. For each social behavior,
low risk or high risk was assigned 1 point and otherwise
0 points, respectively. The three aspects were summed to
obtain a social score ranging from O to 3, and a score of
2-3 was defined as appropriate social connection [21].

For each factor, a low-risk level was assigned 1 point
and otherwise 0 points. The lifestyle score was con-
structed as the sum of all seven factors, ranging from 0
to 7, with a higher score indicating a healthier lifestyle.
Then the lifestyle score was subsequently categorized
into unfavorable (0-2), intermediate (3—4), and favorable
lifestyles (5-7).

Additionally, to determine the best combination of life-
style scores, we included components that were signifi-
cantly associated with the risk of depression to calculate
a modified healthy lifestyle score. The score was weighted
based on the P coefficient of each lifestyle factor in the
Cox proportional hazard model with all seven lifestyle
factors, as well as adjustments for other covariance. We
applied the Cox proportional hazard regression model to
explore the associations of body composition and modi-
fied lifestyle score with incident depression, using the
modified lifestyle (range from 0 to 5) that included no
current smoking, regular physical activity, healthy sleep
pattern, appropriate social connection, and less seden-
tary behavior.

Assessment of depression

The primary outcome was the incidence of depression
during follow-up. The incident depression was sourced
from health outcomes across self-report, primary care,
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hospital inpatient data, and death data, and was identi-
fied using ICD code F32.

Polygenetic risk score

We calculated the polygenetic risk score (PRS) to assess
the cumulative genetic risk for depression. The score was
constructed based on the Genome-Wide Association
Studies (GWAS) summary-statistic data on depression
in the Genetic Epidemiology Research on Adult Health
and Aging (GERA) [26]. The present study was restricted
to British samples in the UK Biobank. We inferred the
posterior effect sizes of Single nucleotide polymor-
phisms (SNPs) with Ldpred2, an approach that quantifies
the contribution of each by examining the relationship
between test statistics and linkage disequilibrium (LD)
[27]. All the included SNPs were in Hardy-Weinberg
equilibrium (HWE) with a p,,,>1.0x107® and had a
minor allele frequency (MAF) >1%. The PRS for all indi-
viduals in UK Biobank was z-standardized.

Statistical analysis

Continuous variables were reported as means and stand-
ard deviations (SDs), while categorical variables as num-
bers and percentages. We used Cox proportional hazard
regression models to determine the associations of body
composition, lifestyle, and joint analysis of body com-
position and lifestyle with the risk of depression. Par-
ticipants with depression at baseline were excluded. The
model was adjusted for age, sex, assessment center, and
Townsend Deprivation Index. We tested interactions
of the body composition indices and genetic risk score
of depression on the risk of depression by including the
respective interaction terms in the models, adjusted
for age, sex, assessment center, Townsend Deprivation
Index, genotyping batch, and the first 10 principal com-
ponents of ancestry. The proportional hazard assumption
was checked by tests based on Schoenfeld residuals, and
the results suggested that the assumptions had not been
violated.

We undertook a series of sensitivity analyses to evaluate
the robustness of our findings. First, the risk of depres-
sion was examined by using a modified lifestyle score that
excludes variables not significantly associated with the
risk of depression (Supplementary Table 4-5). Second,
we analyzed the association of body composition with
the risk of depression within the sex subgroups. Third,
to minimize the possibility of spurious associations due
to reverse causation, the associations of body composi-
tion, lifestyle, and genetic risk with depression were re-
analyzed after excluding the people who were diagnosed
during the first two years of follow-up. Finally, we further
excluded the participants with depression symptoms at
baseline which was assessed by the validated two-item
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Patient Health Questionnaire (PHQ-2) as a sensitivity
analysis. To maximize the likelihood of reporting true
findings, we used Benjamini & Hochberg correction to
adjust for multiple tests. All analyses were performed
using R statistical software (version 4.1.1). The survival
[28] and survminer packages were used for Cox propor-
tional hazard regression. The Hmisc [29] and corrplot
[30] packages were used for correlation analyses.

Result

Population characteristics

At baseline, 502,507 participants were assessed. After
excluding non-British participants (n=165,088) without
body composition measurements or genetic information
(n=7288), a total of 330,131 participants were included
in our study. The baseline characteristics of the par-
ticipants according to incident depression was shown in
Table 1. There were 26,902 participants with depression
at baseline. The mean (SD) age was 56.87 (7.98) years, and
177,724 (53.83%) were females. In total, 45,440 (13.76%)
individuals had a favorable lifestyle, 215,668 (65.33%) had

Table 1 Baseline characteristics of UK Biobank Participant
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an overall intermediate lifestyle, and 69,023 (20.91%) had
an unfavorable lifestyle. A total of 7576 incident cases of
depression were documented during a median follow-up
time of 11.7 years. Participants who developed depression
were more likely to have a higher BMI, BFP, and body and
trunk fat mass, while with lower body and trunk fat-free
mass, and WBWM at baseline.

We analyzed the correlations between different body
composition indices. The correlations between BMI and
WC, HC, and WBFM were higher than 0.8. Both WC
and WHR were weakly correlated with whole-body or
regional fat mass. We also observed a high correlation
coefficient between fat-free mass and WBWM (Supple-
mentary Fig. 1).

Associations of body composition indices with incident
depression

The associations between body composition indices
and depression were shown in Supplementary Table 6.
We observed that all indices were associated with an
increased risk of depression adjusted for age, sex, UK

Baseline Characteristics

All participants (N=330,131)

Incident depression

Yes (N=7576) No (N=295,653)

Age, years 56.87+7.98
Sex, female, % 177,724 (53.83%)
Townsend deprivation index —1.58+292
Body mass index, kg/m? 27.40+4.72
Body fat percentage, % 31.38+849
Whole-Body fat mass, kg 24.84+947
Whole-Body fat-free mass, kg 5349+1153
Whole-Body water mass, kg 39.14+843
Waist circumstance, cm 90.31+13.40
Hip circumstance, cm 103.43+9.06
Trunk fat percentage, % 31.17+791
Trunk fat mass, kg 13.79+£5.12
Trunk fat-free mass, kg 29.74+6.00
Leg fat percentage, % 31.88+10.59
Leg fat mass, kg 426+1.86
Leg fat-free mass, kg 8.95+2.02
Arm fat percentage, % 29.81+10.09
Arm fat mass, kg 1.28+0.66
Arm fat-free mass, kg 293+0.83

Lifestyle behaviors, %

Unfavorable lifestyle
Intermediate lifestyle
Favorable lifestyle

69,023 (20.91%)
215,668 (65.33%)
45,440 (13.76%)

5595+823 56.87+7.98
4636 (61.19%) 155,467 (52.58%)
-0.89+3.24 -1.6+£292
2834541 2739+473
33.29+8381 3135+849
26.98+10.87 24.82+949
56.29+11.48 5349+1154
38.56+8.39 39.14+£844
91.98+14.27 90.28+13.43
104.81+£10.46 103.42+9.07
32.72+8.28 31.15+7.92
14.66+5.68 13.78+5.13
29.21+588 29.75+6.01
34.18+£10.67 31.53+10.54
474211 420+1.81
8.88+2.06 8.98+202
32.30+10.86 29.79+10.09
144+0.82 1.27+0.66
2.87+0.83 2.93+0.83
2396 (31.63%) 58,367 (19.74%)
4510 (59.53%) 194,849 (65.90%)
670 (8.84%) 42,437 (14.35%)

*Values are means + SD unless otherwise indicated

*The lifestyle behaviors were defined according to lifestyle score including seven factors, ranging from 0 to 7, with a higher score indicating better adherence to an

overall healthy lifestyle. The lifestyle score was subsequently categorized into unfavorable (0-2), intermediate (3-4), and favorable lifestyles (5-7)
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Biobank assessment center, and Townsend Deprivation
Index. A 1-SD (4.72kg/m?) higher BMI was associated
with a 1.19 (95% CI: 1.02-1.37) higher risk of depression.
A 1-SD (8.49) higher BFP was associated with a 1.26 (95%
CI: 1.03-1.50) higher risk of depression. The association
of a 1-SD increase (10.59) in leg fat percentage with the
risk of depression was the most pronounced (HR=1.43,
95% CI: 1.02-1.79).

Although the results showed that the higher risk of
depression was associated with higher body fat indices,
the relationship between different body components and
depression risk slightly varied. We found that among all
the indices, compared with the lowest tertile, the highest
tertile of body composition corresponded to the highest
level of depression risk (Fig. 1).

Associations of lifestyle with incident depression

We also explored the associations of lifestyle with the
risk of depression (Supplementary Table 5). The results
showed that a higher lifestyle score was associated with
a reduced risk of depression (HR=0.76, 95% CL: 0.74—
0.77). Except for the diet score, other higher levels of
the components of the lifestyle score were significantly
associated with a lower risk of depression. Additionally,
a healthy sleep pattern was also associated with a lower
risk of depression (HR=0.61, 95% CI: 0.58—0.65).

Interaction between lifestyle and body composition
on the risk of depression
Based on the multiplicative model, we observed signifi-
cant interactions between the lifestyle score and whole
body, regional fat mass on the risk of depression. The
p-interaction for the whole body, trunk, arm, and leg
fat mass were 2.09x107° 9.16x107% 4.00x1077, and
1.65x 107, respectively (Fig. 2). There was also a sig-
nificant interaction between lifestyle and FFR (p-inter-
action=6.81x10"7). We found no interactions between
lifestyle score and the whole body and regional fat-free
mass, WBWM, WC, and WHR. Then we performed the
analysis of the associations of body composition indices
with the risk of incident depression stratified by lifestyle
(Supplementary Table 7). The associations of differ-
ent body component indices with depression risk varied
among participants with different lifestyle grades. The
associations of body component indices with the risk
of incident depression tended to be more pronounced
among those with a healthier lifestyle. Moreover, a higher
body fat measurement attenuated the beneficial asso-
ciation of a healthy lifestyle with the risk of depression
(Fig. 2).

Furthermore, we jointly analyzed the association of dif-
ferent types of body shapes and lifestyles with the risk of
depression (Supplementary Fig. 2). We found that the
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improvement of lifestyle was important for people with
all types of body shapes to lower depression risk. The
HRs (95% CI) were 0.56 (0.51-0.62), and 0.37 (0.32-0.43)
in intermediate and favorable lifestyles compared with
unfavorable lifestyles in people with normal weight,
which was the most significant among three body shapes.

Interaction between genetic risk and lifestyle on incident
depression

We then assessed the modification effect of body com-
position on the association of genetic risk of depression
with the incidence of depression, with adjustment of age,
sex, UK Biobank assessment center, Townsend Depriva-
tion Index, genotyping batch, and the first ten genetic
principal components. We did not observe a signifi-
cant interaction between body composition indices and
the genetic risk of depression shown in Supplementary
Table 8.

Sensitivity analysis

With the modified lifestyle score, the association of body
composition and modified lifestyle score with incident
depression didn't change materially (Supplementary
Table 9), which suggested that there was no need to mod-
ify the original one. In sex-subgroups, almost all body
composition indices were related to depression risk in
women, slightly different from those in men. The associa-
tions of different fat distribution with the risk of depres-
sion in both populations change consistently with that of
the whole population (Supplementary Table 10). When
we excluded participants who developed depression
events within the first 2years of follow-up (n=2879),
the associations of body composition and lifestyle with
depression remained consistent with the main analy-
sis (Supplementary Table 11-13). The result remained
unchanged after we further excluded participants with
depression symptom assessment by PHQ-2 (n=10,866)
(Supplementary Table 14—16).

Discussion

In this large-scale prospective study, we found that
increasing fat mass, fat percentage, and fat-free mass
were all associated with an increased risk of depression,
with fat mass showing the strongest relation. We found
interactions of lifestyle with BMI, fat percentage, and fat
mass indices on the risk of depression. The interaction
between leg fat mass and lifestyle was the most signifi-
cant. The beneficial association of a healthy lifestyle with
depression was more pronounced among those with
a healthy body fat distribution. Viewed differently, the
association of body composition with incident depres-
sion was particularly marked among participants with a
favorable lifestyle.



Lv et al. BMC Public Health

o
o
@

0.02

Cumulative hazard
o
=

o
o
S

(2024) 24:393

BMI == T1 == T2 = T3

b

0.031

0.02

0.011

Cumulative hazard

0.00+

0 1000 2000 3000 4000 5000

Tima

AFP == T1 == T2 =~ T3

hi

0.02

Cumulative hazard

h)

0.00

0 1000 2000 3000 4000 5000
Time

LFP == T1 == T2 = T3

0.031

0.02+

0.011

Cumulative hazard

0.001

0 1000 2000 3000 4000 5000
Time

TFP == T1 == T2 =~ T3

b

0 1000 2000 3000 4000 5000
Time

BFP == T1 == T2 == T3

Page 6 of 10

WBFM == T1 == T2 =& T3

0.031 |
° 5 003
(0] (0]
8 8
© 0-021 © 0.021
= >
© k]
S =]
£ 0.011 £ 0.011
=) =)
O o
0.00 0.001
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Time Time
AFM == T{ = T2 == T3 FFR = T1 = T2 == T3
o 0031 o 0031
(V] [V
N N
2 e
o 0.021 © 0.021
2 2
© ©
E =
E 0.011 g 0.01
3} o
0.00 0.00
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Time Time
LFM == T{ == T2 = T3 WC == T1 =k T2 == T3
0.03
o 0.031 o
N N 0.02
& &
20021 o
T ©
= 3 0.01
E 0.011 5
&) (&)
0.001 0.00
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Time Time
TFM == T1 == T2 == T3 HC == T1 == T2 == T3
0.03 0.03
el °
:
& 0.02 < 0.021
2 2
kS kS|
3 >
£ 0.014 £ 0.011
3 >
[8) &)
0.001 0.00-

0 1000 2000 3000 4000 5000
Time

o

1000 2000 3000 4000 5000
Time
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Although BMI is widely used to approximate overall
body fat, it fails to capture other metabolically relevant
aspects of adiposity such as fat distribution, leading to
considerable disparity in health outcomes between indi-
viduals with similar BMI. In particular, differences in
body fat distribution, both the location and subtype of
adipose tissue used to store excess calories, have been
shown different influences on health outcomes [31].
There is also evidence that specific body fat distributions
are significantly linked to adverse consequences [32—35].
Therefore, this study explored the relationship between
body composition indices and depression in the form of a
cohort study. Our study showed that the whole body and
regional fat distribution were related to the increased risk
of depression, which was consistent with some previous
studies [36, 37]. A Mendelian randomization study sug-
gested that both fat mass and height are causal risk fac-
tors for depression, while fat-free mass was not. However,
the mechanism between body composition distribution
and depression remains unclear. A possible explanation
is that fat distribution may lead to depression through
the HPA (hypothalamic—pituitary—adrenal) axis, which is
consisting of stimulating forward and feedback inhibition

loops involving the brain, pituitary, and adrenal glands,
and regulates glucocorticoid production [38]. That is,
individuals with poor fat distribution tend to produce
higher levels of glucocorticoid, which stimulates overac-
tivity of the HPA axis and increases the risk of depression.

Reduced risk of depression by adhering to a healthy
lifestyle has been well documented [39]. The role of some
conventional lifestyles such as diet [40] and physical
activity [41] has been studied. To the best of our knowl-
edge, however, only a limited number of studies have
examined the associations of combined healthy lifestyle
factors with the risk of developing depression. A recent
study explored the role of comprehensive lifestyle scores
in reducing the risk of depression, but some important
risk factors have been ignored [16]. Our present study
applied the comprehensive lifestyle evaluation which
included three new factors: sleep patterns [22], seden-
tary behaviors [42], and social connection [23, 43], which
were all related to the risk of depression independently.
The comprehensive lifestyle evaluation has been related
to low risks of all-cause and cause-specific mortality [11].

Our study showed that body fat distribution indi-
ces modified the association of lifestyle with the risk of
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depression. A significant interaction was also found for
fat mass-related indices but not for fat-free mass. The
possible explanations about the effect of adverse body
composition on the association of lifestyle with depres-
sion are: (a) The abnormal fat distribution reflects the
abnormal metabolic distribution to some extent, which
may offset the beneficial effect of lifestyle improvement
on reducing the risk of depression. For example, insu-
lin inactivation was associated with food addiction [44],
which can affect adherence to a healthy lifestyle, as well
as increase the risk of depression. (b) Body composition
may be affected by a healthy lifestyle; and mutually, unfa-
vorable body composition may have an adverse effect on
some specific components of lifestyle score. Increased fat
mass can affect activity and make it difficult to adhere to
an active lifestyle [45]. As physical activity declines and
weight gains, the psychological impact of weight stigma
and discrimination increases, making it easier to choose
high-calorie foods, leading to a vicious cycle of further
weight gain and depressive mood [46, 47].

From another perspective, participants with adverse
body fat distribution indices showed a greater increased
risk of depression when adhering to a favorable life-
style. As for the association of body composition with
depression in population across different lifestyles, the
possible explanations are: (c) People who adhere to a
favorable lifestyle have fewer factors that increase the risk
of depression than those who lead an unfavorable lifestyle
[15, 16, 25, 48, 49], and the adverse lifestyles could be a
risk factor for adverse body composition and may share
similar pathways with adverse body composition, such
as metabolic dysfunction, that contribute to depression
[50]. So, the role of adverse body composition in increas-
ing depression risk is more pronounced in population
with favorable lifestyle.

We also found no significant interaction between
genetic risk and body composition suggesting that the
genetically predetermined risk of depression can’t be
modified by body composition indices. The polygenetic
score of depression was calculated based on genetic vari-
ants that accounted for a small proportion of the variance
in depression, which may partly explain the null interac-
tion between the genetic scores and body composition on
depression.

Based on the large sample of UK Biobank participants
and the use of standardized protocols for data collection,
our study first explored the association of body composi-
tion with the risk of depression in a prospective design,
which was a major strength of our study. However, sev-
eral limitations of the current study still need to be con-
sidered. First, although we adjusted for known potential
confounders in our analysis, there may be unmeasured
confounders. Second, considering the heterogeneity in
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genetic, metabolic conditions, and the lifestyle across
ethnicities and regions, the participants included in this
study were primarily restricted to British to improve
internal validity and therefore may not be generalizable
to other populations. Third, we adopted the information
of lifestyles at baseline. We could not avoid that lifestyle
that might change during follow-up, which would affect
the exploration of relevance. Fourth, we dichotomized
each lifestyle factor and counted the number of low-risk
lifestyle factors, ignoring the difference in the magni-
tude of association between various lifestyle factors and
depression. However, we compared the analyses using
modified lifestyle scores with the original score, and no
significant differences were observed. Fifth, although
participants who developed depression within the first
2years of follow-up were excluded, the risk of reverse
causation was still unavoidable.

In conclusion, our study suggested that body fat distri-
bution was related to the risk of depression, and adher-
ence to a healthy lifestyle, especially among those with
healthy fat distribution, was important to reduce the risk
of depression. It is promising for policymakers to advise
individuals to reduce the risk of depression by paying
attention to body fat distribution indices in the future.
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