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BACKGROUND: Overweight and obesity are associated with poor mental health, and the association is bidirectional. Few studies
have examined the association between weight change and mental health over time. We aimed to provide further insight into the
association between weight gain and mental health, with a focus on emotional eating and body dissatisfaction as mediating
factors.

METHODS: Height and weight were self-reported upon registration, and in Spring 2022, 2023, and 2024 in the Specchio cohort
(Geneva, Switzerland). BMI trajectories were estimated by (1) mixed-effects models to calculate participants’ personal slopes
(increase in BMI score per year), and (2) testing the odds of an upward BMI category transition from baseline to last follow-up. The
associations of behavioural and psychosocial factors with BMI trajectories (slopes and transitions), and BMI trajectories with mental
health outcomes were estimated using regressions adjusted for age, sex, education, and physical health condition. Structural
equation modelling was used to test mediating pathways.

RESULTS: Among 7388 participants (59% women, mean age 51 years), factors associated with increasing BMI over 4 years included
financial hardship, short sleep duration, less physical activity, more leisure screen time, depressive and anxiety symptoms, and
emotional eating (B range [95% CI] = 0.03 [0, 0.05]-0.12 [0.09, 0.15]). Increasing BMI was associated with body dissatisfaction

(B =0.36 [0.33, 0.38]) and poorer quality of life (3 = —0.06 [—0.09, —0.03]) at 4-year follow-up after adjustment for anxiety and
depressive symptoms at baseline. Emotional eating partly mediated the association between anxiety and depressive symptoms at
baseline and increasing BMI, and between financial hardship and increasing BMI. Body dissatisfaction and poorer self-rated health
partly mediated the association between increasing BMI and quality of life at follow-up.

CONCLUSIONS: Emotional eating and body dissatisfaction contribute to the association between BMI trajectories and mental

health and should be considered in weight management and mental health promotion strategies.
International Journal of Obesity (2025) 49:1317-1326; https://doi.org/10.1038/s41366-025-01772-y

INTRODUCTION

Over the past five decades, the prevalence of overweight and
obesity has risen throughout the world [1, 2], with global obesity
prevalence estimated to reach 20% by 2025 [2]. Overweight and
obesity pose substantial risk to health [3], and place enormous
strain on the economy [4]. Longitudinal epidemiological
research is needed to further understand the role of modifiable
risk factors for weight gain, as well as the moderators and
underlying mechanisms that link weight gain and health
outcomes.

Large-scale population-based epidemiological research has
established that overweight and obesity are associated with poor
mental health, particularly depression [5-9]. Moreover, the
association seems to be bidirectional, with excess weight
increasing the risk of depression, and depression increasing the
risk of future excess body weight. However, there is little research
examining the association between weight change and mental
health over time. One recent study involving 2416 Australian
participants found that weight gain from childhood to mid-
adulthood was associated with a higher risk of adulthood
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depression and greater symptom severity, but did not have
information on prior mental health [10].

Research has identified biological mediators of the association
between BMI status and mental health, notably gut microbiota
and inflammation [9, 11]. Less research has formally tested
behavioural and psychosocial mediators, which may act as higher-
level factors, and may be more readily targeted in interventions.
Some research has identified emotional eating — defined as eating
in response to negative emotions — as a behavioural mechanism
linking depression and subsequent excess weight [12], as well as
contributing to social disparities in weight [13]. Moreover, the
effects of emotional eating on BMI may be mitigated by other
health behaviours and traits, such as physical activity [14], sleep
[12], and self-regulatory capacity [15]. Other research in adoles-
cents identified poor body image as a psychosocial mechanism
linking weight gain and subsequent poor mental health [16],
which is yet to be replicated in adults.

In this adult population-based study, we aimed to provide
further insight into the association between weight gain and
mental health. We examined: (1) a range of behavioural and
psychosocial predictors of BMI trajectories (measured as change in
BMI score per year, as well as change in BMI category) in adults,
including hypothesised interactions between factors, (2) a range
of mental health outcomes associated with BMI trajectories,
including positive psychology constructs alongside depression
and anxiety, and (3) factors contributing to the association
between BMI trajectories and mental health, with a focus on
emotional eating and body dissatisfaction.

MATERIALS AND METHODS

Participants and study design

The data were drawn from Specchio, a population-based digital study
launched in December 2020 to follow up COVID-19 serosurvey participants
in Geneva, Switzerland [17]. Participants were randomly selected from the
Bus Santé population-based study [18], from Geneva population registries
[19, 20], or from a list of private and public companies and institutions [21].
Upon registration, participants completed an initial online questionnaire.
Subsequent questionnaires were proposed on an annual basis. Participants
provided informed consent, and the study was approved by the Cantonal
Research Ethics Commission of Geneva, Switzerland (project number
2020-00881). All methods were conducted in accordance with the relevant
guidelines and regulations.

Of the 13,260 individuals who completed an inclusion questionnaire, we
included those with height and weight data at inclusion and at least one
additional time point (N =7429; 56% of the total sample). After cleaning
the height, weight, and BMI data, information from 7388 participants was
retained for analysis (see supplementary information for a description of
the data cleaning procedures).

Measures

BMI.  Weight (self-reported) was assessed upon inclusion, and at three
subsequent time points (Spring 2022, 2023, and 2024). Height (self-
reported) was assessed at registration, and at two subsequent time points
(Spring 2023 and 2024). We calculated BMI [weight (kilograms (kg))/height
(m)?] at each of the four time points based on weight at that time point
and the average of the available height values, assuming height did not
change during the study period (correlation between ‘average’ height and
its constituent height values was 0.99). We also classified participants into
BMI categories at each time point using the World Health Organisation
guidelines: underweight (BMI < 18.5 kg/metres (m)?, healthy weight (BMI
18.5-24.9kg/m?), overweight (BMI 25.0-29.9kg/m?), obesity (BMI
30-39.9kg/m?), and severe obesity (BMI=40kg/m?). We assessed the
validity of self-reported against measured height, weight, and BMI, with
good results (see supplementary information).

Behavioural and psychosocial factors. Behavioural and psychosocial
factors were assessed by questionnaire at inclusion or follow-up (see
supplementary Table 1 for an overview). Behavioural factors included
moderate and vigorous physical activity, fruit and vegetable consumption,
binge drinking, sleep duration, total leisure screen time (hours per day),
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anti-depressant medication use (yes/no), and emotional eating. Frequency
of moderate and vigorous activity were measured on a 6-point scale, and
reverse scored to range from 1 (every day) to 6 (never). Fruit and vegetable
consumption (portions per day) were assessed using items from the
Prevention with Mediterranean Diet assessment tool [22], which were
summed and reverse scored. Binge drinking was consuming six or more
alcoholic beverages on the same occasion at least once per month
(question from The Alcohol Use Disorders Identification Test-Concise).
Sleep duration was the average number of hours participants slept at night
during week and weekend days. Short sleep duration was < 7h [23].
Emotional eating was assessed using the 5-item emotional overeating
subscale from the Adult Eating Behaviour Questionnaire [24]. Items (e.g., |
eat more when I'm upset) are scored on a 5-point Likert scale ranging from
1 strongly disagree to 5 strongly agree (Cronbach’s alpha = 0.95). We did
not include smoking cessation as only 157 participants stopped smoking
during the study period.

Psychosocial factors included social resources (perceived social support)
and risks (perceived financial hardship), as well as psychological resources
(self-esteem, self-efficacy, personal mastery) and risks (loneliness, anxiety
and depressive symptoms, and perceived stress). Perceived social support
was measured using the 3-item Oslo Social Support Scale, with higher
scores indicating greater social support (Cronbach’s alpha = 0.60).
Financial hardship was facing real financial difficulties to meet ones needs
(food, rent, bills, insurance, debt,...), and was coded as no difficulties (‘this
has never happened’), average difficulties (‘'not now, but in the past’), and
important difficulties (in the recent past’) [25]. Self-esteem, self-efficacy,
and personal mastery were measured using the 5-item Brief Rosenberg
Self-Esteem Scale [26], the 4-item form of the Pearlin Mastery Scale [27, 28],
and the 3-item General Self-Efficacy Short Scale [29], respectively
(Cronbach’s alpha range = 0.82-0.87). Loneliness, depressive and anxiety
symptoms, and perceived stress were measured using the 3-item Revised
University of California, Los Angeles loneliness scale [30], the 4-item Patient
Health Questionnaire [31], and the 10-item Perceived Stress Scale [32],
respectively (Cronbach’s alpha range = 0.77-0.88).

Mental health outcomes and general health. Mental health outcomes
included body satisfaction, well-being, quality of life, as well as depressive
and anxiety symptoms measured at follow-up (Spring 2024). Participants
rated, on a 10-point scale (1 = not at all satisified, 10 = completely
satisfied), the extent to which they were satisfied with their weight and
body shape (2 items from the French version of the Body Image State Scale
[33]). The body satisfaction score was the mean of the 2 items, which were
highly correlated (Pearson’s r = 0.86). Subjective well-being was measured
using the WHO-5 well-being index, which consists of five statements, each
rated on a 6-point scale (0 = never, 5 = all of the time), with higher scores
reflecting greater well-being [34]. Internal consistency of the scale was
high (Cronbach’s alpha = 0.91). Participants rated their quality of life on a
10-point scale (1 = very poor, 10 = excellent). General self-rated health
was assessed on a 5-point scale (0 = very poor, 4 = very good) at inclusion
and follow-up (Spring 2024).

Covariates. Covariates included age (in years), sex, education level
(primary, secondary, or tertiary), and pre-existing physical health condition
(yes/no) at baseline.

Statistical analysis

Estimation of BMI trajectories. We examined BMI trajectories in two ways:
(1) using mixed-effects models to calculate participants’ personal slopes
(change in BMI score per year) across the years of follow-up, and (2)
examining the odds of transitioning between BMI categories from baseline
to last follow-up.

Mixed-effects models, with a random intercept and a random linear
slope, were used to calculate participants’ personal slopes (change in BMI
score per year) across the years of follow-up. The models took the form: Bij
= (YO + y1ij) + (n0i + p1ij) + €ij, where Bij is the BMI value measured for
individual ‘i’ at time ‘j, yO and y1 are the fixed intercept and slope
estimated for the sample, and p0i and p1i are the random intercepts and
slopes estimated per individual. Each model included years of follow-up as
the time indicator, age at baseline, sex, an interaction term between time
and age at baseline, and an interaction term between time and sex to
properly control for any effect of age at baseline and sex on the rate of BMI
change over time. Mixed models do not require an equal number of
observations from all participants therefore we included those with BMI
data at baseline and at least one additional time point. The random slopes
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for each participant (annual changes in BMI) were extracted and included
in subsequent analyses. We estimated the odds ratios (ORs) of transitioning
between BMI categories from baseline to last follow-up using logistic
regression models. We focused on those who had an upward BMI
classification trajectory (from a healthy BMI to overweight or obesity, from
overweight to obesity, or from obesity to severe obesity; 1) compared with
those who did not (0).

Associations between behavioural and psychosocial factors and BMI
trajectories. The associations of behavioural and psychosocial factors
with BMI trajectories (slopes and transitions) were estimated using
regression analyses (linear and logistic). Each model included age, sex,
education, and pre-existing physical health condition at baseline as
covariates, alongside the factor of interest. To test whether sex, certain
behavioural (physical activity, sleep), and psychosocial (self-efficacy,
personal mastery) factors moderated associations between emotional
eating and BMI trajectories, we ran a series of regression models, which
included the factors of interest (e.g. emotional eating and physical activity)
as well as an interaction term between the factors (e.g. emotional eating x
physical activity). Statistically significant interaction effects were probed
using simple slope analysis.

Associations between BMI trajectories and mental health outcomes. In a
second series of regression models, we tested whether BMI trajectories
were associated with well-being, quality of life, general self-rated health,
and body satisfaction at follow-up (2024), adjusting for the covariates
noted above as well as anxiety and depressive symptoms at baseline. To
test whether sex moderated the association between BMI trajectories and
body satisfaction, we included an interaction term between BMI
trajectories and sex.

Factors contributing to the association between BMI trajectories and
mental health. Structural equation modelling with maximum likelihood
estimation was used to examine: (1) the extent to which emotional eating
mediated the association between depressive and anxiety symptoms at
baseline and BMI trajectories (individual BMI slopes as continuous
outcomes), (2) the extent to which depressive and anxiety symptoms
and emotional eating mediated the association between financial hardship
and BMI trajectories, and (3) the extent to which body satisfaction and self-
rated health mediated the association between BMI trajectories and
mental health outcomes at follow-up (one model per outcome) after
adjustment for covariates. A mediating effect was the presence of a
significant indirect effect (the product of the direct paths) [35]. The Monte
Carlo method (5000 samples) was used to estimate standardised indirect
effects with 95% confidence intervals (Cls) [36]. Indirect effects were
interpreted as: 0.003 (0.05 x 0.05) is a small but meaningful indirect effect,
0.01 (0.10 x 0.10) is a moderate indirect effect, and 0.06 (0.25 x 0.25) is a
large indirect effect [37]. Model fit was assessed using the root mean
square error of approximation (RMSEA), comparative fit index (CFI), and
Tucker-Lewis index (TLI) [38].

We ran the following sensitivity analyses: (1) excluding individuals who
were underweight at any time (N = 288), (2) excluding individuals who had
weight change = 30 kg per year, which could reflect an underlying health
condition (N = 3), and (3) excluding individuals who were pregnant during
the study (N=196). Statistical analyses were conducted using Stata®
version 16 (Stata Corporation, College Station, TX, USA).

RESULTS

Descriptive statistics

Table 1 shows characteristics of the study sample. Participants
were on average 51 years old (SD 14; range 18-97 years), 59%
were women, 65% were educated to tertiary level, 23% had
comorbidities, and the mean BMI at inclusion was 24.5 kg/m? (SD
4.2). Compared to those with data at inclusion (N= 13,260),
participants were older (mean age 51 years versus 47 years,
p <0.001), slightly more were educated to tertiary level (65%
versus 64%, p < 0.001), and slightly more had comorbidities (23%
versus 21%, p < 0.001). Depressive symptom scores were slightly
lower among participants than the total sample with data at
inclusion (mean score 0.9 versus 1), but there was no difference in
anxiety scores or BMI at inclusion between groups (see
supplementary Table 2).
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On average, there was a slight increase in BMI over time in the
study sample (0.4 kg/m?), with mean BMI falling at the upper end
of the healthy weight category by 2024 (see Fig. 1). The increase
was most notable for women and younger age groups (< 55
years), and BMI level was consistently higher among those with
financial difficulties (see Fig. 1). Most of the sample (86%) had the
same BMI classification at follow-up as at baseline (see Fig. 2). 8%
of the sample had an upward BMI classification trajectory,
transitioning from healthy weight to overweight (5%), from
overweight to obesity, or from obesity to severe obesity (3%).
5% had a downward BMI classification trajectory. By 2024, 43% of
the sample had overweight or obesity.

Behavioural and psychosocial factors associated with BMI
trajectories

Figure 3 shows the factors associated with BMI trajectories.
Behavioural factors associated with increasing BMI included less
moderate and vigorous physical activity, less fruit and vegetable
consumption, more leisure screen time, short sleep duration,
antidepressant medication use, and emotional eating. Psychoso-
cial factors associated with increasing BMI were financial hardship,
loneliness, and depressive and anxiety symptoms. Examination of
significant interaction effects showed that the association
between emotional eating and BMI trajectories was stronger
among women (marginal effect = 0.04 [0.03, 0.05], p < 0.001) than
men (marginal effect = 0.02 [0.00, 0.03], p = 0.014); and stronger
among individuals who never engaged in moderate or vigorous
physical activity (marginal effect = 0.05 [0.03, 0.07], p < 0.001) than
those who engaged in moderate or vigorous physical activity
most days (marginal effect = 0.02 [0.00, 0.03], p = 0.038). There
were no other significant interaction effects. Associations between
the behavioural and psychosocial factors with BMI levels are
included in Supplementary Fig. 1.

Associations between BMI trajectories and mental health
outcomes

Figure 4 shows the associations between BMI trajectories and
mental health outcomes at follow-up (2024). Increasing BMI was
negatively associated with body satisfaction and quality of life, but
not anxiety and depressive symptoms, after adjustment for age,
sex, education, physical comorbidities, and anxiety and depressive
symptoms at baseline. Increasing BMI was also associated with
poorer self-rated health at follow-up, after adjustment for self-
rated health at baseline. Examination of significant interaction
effects showed that the association between BMI trajectories and
body dissatisfaction was stronger among women (marginal
effect=—-291 [-3.19, —2.63], p<0.001) than men (marginal
effect=—233 [-2.72, —1.94], p<0.001). Associations between
BMI levels and mental health outcomes are included in
Supplementary Fig. 2.

Factors contributing to the association between BMI
trajectories and mental health

Structural equation modelling showed there was a significant
large indirect effect (3=0.021; 95% Cl, 0.014-0.028; p < 0.001)
indicating that emotional eating partly mediated the association
between anxiety and depressive symptoms at baseline and BMI
trajectories. Depressive and anxiety symptoms and emotional
eating also partly mediated the association between financial
hardship and BMI trajectories: there was a small indirect effect via
anxiety and depressive symptoms (3 = 0.005; 95% Cl, 0.002-0.009;
p=0.003), and a small indirect effect via emotional eating
(3=0.007; 95% Cl, 0.003-0.011; p =0.001).

Both self-rated health and body satisfaction mediated the
association between BMI trajectories and quality of life at follow-
up after adjustment for anxiety and depressive symptoms at
baseline: there was a moderate indirect effect of BMI trajectories
on quality of life via self-rated health (3= -0.031; 95% Cl,
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Table 1.

Age at inclusion, years
Education level

Tertiary

Secondary

Primary
Physical health condition

No

Yes
Frequency of moderate physical activity, 1 = never, 6 = every day
Frequency of vigorous physical activity, 1 = never, 6 = every day
Daily portions of fruit and vegetables
Binge drinking

Less than once a month

Once a month or more
Sleep duration per night

>27h

<7h
Anti-depressant drug use

No

Yes
Emotional eating score, range 1-5
Social support score, range 3-14
Financial difficulties

No difficulties

Average difficulties

Important difficulties

| don't wish to respond
Self-esteem score, range 1-5
Self-efficacy score, range 1-5
Life mastery score, range 4-16
Loneliness score, range 3-9
Depressive symptoms, range 0-6
Anxiety symptoms, range 0-6
BMI
BMI category

Healthy weight

Underweight

Overweight

Obesity

Severe obesity

—0.045--0.018; p<0.001), and a large indirect effect of BMI
trajectories on quality of life via body dissatisfaction (3 = —0.078;
95% Cl, —0.091--0.066; p<0.001). All tested models had
acceptable fit (RMSEA < 0.06, CFl > 0.95, and TLI > 0.95). All results
were the same when running the sensitivity analyses.

DISCUSSION

Summary of results

In this adult population-based cohort, we tested hypothesised
pathways linking BMI trajectories and mental health. Factors
associated with increasing BMI over 4-year follow-up included

SPRINGER NATURE

Characteristics of the total study sample, and by sex (statistics are mean (SD) or % (n)).

Total Men Women p-value
N=7388 N =2987 N = 4401
50.7 (13.6) 52.5 (13.6) 49.5 (13.5) <0.001
0.57
65.2 (4806) 65.8 (1963) 64.7 (2843)
31.1 (2292) 30.4 (906) 31.6 (1386)
3.8 (277) 3.8 (113) 3.7 (164)
0.64
77.2 (5703) 77.5 (2314) 77.0 (3389)
22.8 (1685) 22.5 (673) 23.0 (1012)
4.0 (1.5) 4.0 (1.5) 4.0 (1.5) 0.28
2.7 (1.4) 2.9 (1.4) 2.6 (1.3) <0.001
3.1 (1.8) 2.8 (1.7) 3.3(1.8) <0.001
<0.001
67.1 (4226) 55.9 (1427) 74.8 (2799)
32.9 (2070) 441 (1127) 25.2 (943)
<0.001
69.1 (5094) 65.2 (1942) 71.7 (3152)
30.9 (2279) 34.8 (1036) 28.3 (1243)
<0.001
96.3 (7115) 97.6 (2915) 95.4 (4200)
3.7 (273) 24 (72) 4.6 (201)
24 (1.2) 2.1 (1.1) 2.6 (1.2) <0.001
10.3 (1.9) 10.3 (1.9) 10.3 (1.9) 0.32
0.004
56.7 (4190) 58.8 (1756) 55.3 (2434)
30.2 (2232) 29.3 (874) 30.9 (1358)
6.6 (485) 6.4 (192) 6.7 (293)
6.5 (477) 5.5 (163) 7.1 (314)
4.2 (0.7) 4.2 (0.7) 4.1 (0.7) <0.001
4.0 (0.6) 4.1 (0.6) 4.0 (0.6) <0.001
12.7 (2.9) 13.1 (3.0) 12.5 (2.9) <0.001
4.6 (1.7) 4.3 (1.6) 4.7 (1.7) <0.001
0.9 (1.2) 0.8 (1.2) 1.0 (1.2) <0.001
1.2 (1.3) 1.0 (1.3) 1.3 (1.3) <0.001
24.5 (4.2) 25.5 (3.8) 239 (4.4) <0.001
<0.001
58.5 (4322) 49.3 (1473) 64.8 (2849)
2.8 (210) 0.8 (24) 4.2 (186)
28.6 (2116) 39.1 (1168) 21.5 (948)
9.4 (697) 10.2 (306) 8.9 (391)
0.6 (41) 0.5 (15) 0.6 (26)

financial hardship, short sleep duration, less physical activity, more
leisure screen time, depressive and anxiety symptoms, and
emotional eating. Associations between emotional eating and
BMI trajectories were strongest among women and those who
were less physically active. Increasing BMI was associated with
body dissatisfaction and poorer quality of life at 4-year follow-up
after adjustment for anxiety and depressive symptoms at baseline.
Emotional eating partly explained the association between anxiety
and depressive symptoms at baseline and BMI trajectories, as well
as the association between financial hardship and BMI trajectories.
Body dissatisfaction and poorer self-rated health partly explained
the association between BMI trajectories and quality of life at
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B By sex

26
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D By financial difficulties
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255 B
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Baseline

Follow-up

1321

Men ¢ —
Women ¢ —

2024

No ¢ —
Average © —
Important © —

Trends in BMI over time for the total study sample, and by sex, age group, and financial difficulties (N = 7388). Results are means

Fig. 2 BMI category transitions from baseline (inclusion) to latest follow-up (N = 7388). Values to the left are the rounded percent within
each group. EOE Score = mean emotional eating score and standard deviation in parentheses. For ease of presentation, those with stable
obesity (N =580), stable severe obesity (N =30), and those who transitioned between obesity and severe obesity (N =24) are combined in

one group.
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A) Factors associated with individual BMI slopes

Behavioural risk factors: ;
Less moderate physical activity \ A 0.07 (0.04, 0.1) ***
Less vigorous physical activity \ i 0.06 (0.03, 0.08) ***
More leisure screen time L —— 0.05 (0.02, 0.08) **
Short sleep duration '—0—4 0.03 (0, 0.05) *
Less fruit and vegetables | F——— 0.04 (0.01, 0.07) **
Binge drinking F—t——A 0.01 (-0.02, 0.04)
Antidepressant medication use f—— 0.02 (0, 0.05)
Emotional eating 1 F—e——  0.12(0.09, 0.15) ***
Psychosocial risk factors: 1
Financial hardship | F—e— 0.03 (0.01, 0.06) **
Anxiety and depressive symptoms | —e— 0.04 (0.02, 0.07) **
Loneliness I —— 0.04 (0.02, 0.06) **
Perceived stress r:—o—i 0.02 (-0.01, 0.05)
Psychosocial resources: :
Social support —e— -0.02 (-0.04, 0)
Self-esteem S — 0 (-0.03, 0.03)
Self-efficacy b—*—:—i -0.01 (-0.04, 0.02)
Personal mastery T -0.01 (-0.03, 0.02)
-.05 0 .05 1 15

Beta (95%Cl)

B) Factors associated with an upward BMI category transition

Behavioural risk factors: ;
Less moderate physical activity | o 1.12 (1.04, 1.20) **
Less vigorous physical activity o 1.07 (0.99, 1.15)
More leisure screen time . 1.08 (1.03, 1.12) **
Short sleep duration };—0—4 1.24 (1.03, 1.48) *
Less fruit and vegetables | F 1.13 (1.06, 1.21) ***
Binge drinking —a— 0.98 (0.8, 1.19)
Antidepressant medication use \ t *> 1.96 (1.36, 2.84) ***
Emotional eating } s 1.38 (1.26, 1.51) ***
Psychosocial risk factors: }
Financial hardship | —— 1.27 (1.05, 1.52) **
Anxiety and depressive symptoms toi 1.05 (1.00, 1.09) *
Loneliness e 1.01 (0.96, 1.07)
Perceived stress + 1.00 (0.99, 1.01)
Psychosocial resources: ;
Social support g 0.99 (0.95, 1.04)
Self-esteem be 0.98 (0.85, 1.13)
Self-efficacy r—«}—+ 0.96 (0.82, 1.14)
Personal mastery il 1.01 (0.97, 1.05)
5 1 2 3
OR (95%Cl)

Fig. 3 Behavioural and psychosocial factors associated with BMI trajectories. Models adjusted for age, sex, education, and physical health
condition. Results are standardised betas A and ORs B with 95% confidence intervals. *p <0.05, **p <0.01, ***p <0.001. Short sleep
duration = < 7 h. Reference categories for categorical variables are as follows: No short sleep duration, no binge drinking, no anti-depressant
medication use, and no financial hardship. Total N per model: physical activity (N = 5267), screen time (N =4017), sleep duration (N = 7358),
fruit and vegetable consumption (N=4313), binge drinking (N=4579), anti-depressant medication use (N=7373), emotional eating
(N =4313), financial hardship (N=7370), anxiety and depressive symptoms (N =5657), loneliness (N = 7283), perceived stress (N=5179),
social support (N = 7233), self-esteem (N = 4313), self-efficacy (N =4313), personal mastery (N = 5872).
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A) Individual BMI slopes and mental health outcomes
Model 1: '
Anxiety and depressive symptoms r—}—*—i 0.02 (-0.01,0.05)
Lower well-being Ir—O—i 0.03 (0, 0.06)*
Less body satisfaction : e— 0.35(0.33,0.38)***
Poorer general health : —e— 0.08 (0.05,0.11) ***
Poorer quality of fe| | —e— 0.06 (0.03, 0.09) ***
|
Model 2: :
Anxiety and depressive symptoms i—*}—i -0.01 (-0.04, 0.02)
Lower well-being l»—lrv—i 0.01(-0.02,0.04)
Less body satisfaction : —e— 0.36(0.33,0.38) ***
Poorer general health : —o— 0.08 (0.05,0.11) ***
Poorer quality of life { —o— 0.04 (0.01,0.07)**
-.04 .38

Beta (95%Cl)

B) Upward BMI classification and mental health outcomes

Model 1: ]
Anxiety and depressive symptoms r—}—O—i 0.02(-0.01,0.05)
Lower well-being } e 0.04 (0.01, 0.08) **
Less body satisfaction } —e—1 0.24(0.22,0.27)***
Poorer general health } —— 0.07 (0.04, 0.09) ***
Poorer quality of life| | +——e—i 0.05 (.02, 0.08) **
|
Model 2: }
Anxiety and depressive symptoms l-—yl—i 0.00 (-0.03,0.03)
Lower wel-being| -+ 0.02 (-0.01,0.05)
Less body satisfaction } —e—1 0.24(0.21,0.27)***
Poorer general health } [S——] 0.06 (0.03, 0.08) ***
Poorer quality of life|  |—+—— -0.03 (-0.06, 0)
-.03 .27

Beta (95%Cl)

Fig. 4 Associations between BMI trajectories and mental health outcomes at follow-up (2024). Models adjusted for age, sex, education,
physical health condition (model 1), and anxiety and depressive symptoms at baseline (model 2). Results are standardised betas with 95%
confidence intervals. *p < 0.05, **p < 0.01, ***p < 0.001. N =4313.
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follow-up after adjustment for anxiety and depressive symptoms
at baseline.

Behavioural and psychosocial factors associated with BMI
trajectories

Emotional eating was consistently associated with increasing BMI,
whether measured continuously as individual slopes or as an
upward BMI category transition. Previous research has shown that
emotional eating is associated with weight outcomes, including
weight gain over time [39]. Our findings corroborate and extend
this research in a population-based sample, with BMI assessment
at multiple time points, and assessment of moderating and
mediating pathways. In line with previous research among adult
employees [40], the association between emotional eating and
BMI trajectories was stronger than that for other behavioural
factors such as physical activity and fruit and vegetable
consumption. This and our study did not have direct measures
of overall diet quality and caloric intake, but emotional eating is
characterised by the excessive consumption of hyperpalatable
energy-dense foods [41, 42]. It is therefore not surprising that fruit
and vegetable consumption had smaller individual effects on BMI
trajectories than emotional eating did. There is general agreement
that multiple interacting factors contribute to weight-related
outcomes, and overall diet quality alongside physical activity plays
an important role. Consistent with previous cross-sectional
research [14], we found that the association between emotional
eating and increasing BMI was stronger among individuals who
were less physically active. Emotional eaters who engage in little
physical activity represent a group that is particularly susceptible
to weight gain and may benefit from weight management
strategies targeting both eating style and activity level. We did not
replicate the previous finding that emotional eaters with shorter
sleep duration are particularly susceptible to weight gain [12], and
we suggest that further research examines the interplay between
emotional eating and sleep using objective measures in a clinical
setting.

To our knowledge, only a few studies have assessed the
moderating effect of psychological traits or resources in the
relationship between emotional eating and weight change [15].
Previous research focused on other control-related constructs
(namely impulsivity and consideration of future consequences)
and found that while there was a moderating effect on weight
status, there was no moderating effect on weight change [15]. This
and our finding could be due to a lack of statistical power in the
detection of interaction effects [43], or because the duration of
follow-up was too short to observe a meaningful difference.
Alternatively, eating-self-regulatory capacity may be more closely
related to emotional eating and BMI change than general life
mastery, acting as either a moderator or mediator of their
association [44]. Indeed, recent research suggests that fostering
self-regulatory skills can mitigate unhealthy eating behaviours
associated with the tendency for emotional eating [45]. Further
research into their role in weight gain is needed as public health
strategies aimed at enhancing self-regulatory skills might be
effective in reducing the risk of metabolic diseases for susceptible
individuals exposed to unhealthful food environments.

BMI trajectories associated with mental health outcomes

The association between excess weight and poor mental health,
especially depression, is well established [6]. Our study is one of
few to examine associations between weight change and mental
health outcomes. Consistent with recent research [10], we found
that increasing BMI was associated with poorer mental health at
follow-up. The association was apparent for a range of mental
health outcomes, including positive psychology constructs. After
adjustment for prior mental health, associations were attenuated
but held for quality of life and body satisfaction. Although anxiety
and depressive symptoms at baseline were associated with BMI
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trajectories, BMI trajectories were not associated with anxiety and
depressive symptoms at follow-up. As there are few studies
examining the association between weight change and mental
health over time, it would be premature to conclude that BMI
trajectories are not associated with subsequent anxiety and
depressive symptoms. Indeed, a recent study found that weight
gain from childhood to mid-adulthood was associated with a
higher risk of depression in adulthood [10]. Associations between
BMI trajectories and anxiety and depression may therefore be
evident over longer follow-up, and when using clinical measures
of mental health, which are more precise than self-report
questionnaires [5]. Previous research has shown that the associa-
tion between obesity and depression is stronger than the
association between overweight and depression, reflecting a
dose-response gradient [5]. The same could be true for weight
change i.e. the greater the weight gain, the greater the risk of
subsequent depression.

Factors contributing to the association between BMI
trajectories and mental health

Emotional eating partly mediated the effect of anxiety and
depressive symptoms on increasing BMI over time, consistent with
previous research examining BMI change across two time points
[12]. This finding is in line with the notion that individuals who are
anxious or depressed are more likely to be emotional eaters,
which can increase their risk for weight gain. Emotional eating
may be an attempt to cope with negative emotions, and/or
emotional eaters may confuse bodily states related to emotions
with physiological internal states guiding satiety and hunger [46].
Appetitive traits tend to be inter-related [24], therefore, emotional
eaters may engage in other eating behaviours that increase their
risk for weight gain. Anxiety and depressive symptoms and
emotional eating also mediated the association between financial
difficulties and BMI trajectories, extending previous cross-sectional
research [13]. This finding further supports the theory that
psychological distress and maladaptive coping contribute to the
association between social disadvantage and obesity [47]. More-
over, socially disadvantaged groups have greater exposure to
obesogenic environments than their more advantaged counter-
parts, rendering them more likely to engage in maladaptive eating
behaviours [48, 49].

Body dissatisfaction mediated the association between BMI
trajectories and quality of life at follow-up, corroborating and
extending recent longitudinal research in adolescents [16], and
cross-sectional research in women [50]. Moreover, the association
between BMI trajectories and body dissatisfaction was stronger for
women than men, which could be explained by sex-specific
societal beauty ideals, which place greater value on thinness for
women and on muscular bodies for men [51]. Poorer self-rated
health also partly mediated the association between BMI
trajectories and quality of life, which is in line with the hypothesis
that obesity and weight gain increase the risk of poor mental
health via both health and appearance concern pathways [52].

Practical implications

Targeting modifiable behaviours such as physical activity, sleep,
diet, and eating style may simultaneously improve BMI and mental
health via anti-inflammatory pathways that interact with gut
microbiota [11, 53]. Randomised controlled trials of adult
behavioural weight loss interventions show improvements in
depression, quality of life, and self-efficacy at intervention-end and
12-month follow-up [54]. However, there is insufficient evidence
to assess the impact on anxiety, emotional eating, body image,
self-esteem, and stress. Further high-quality trials measuring a
range of mental health outcomes over longer durations are
needed to determine the impact of intentional weight loss on
mental health. Weight loss strategies should avoid weight stigma,
which contributes to the association between excess weight and
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poor mental health [55]. Interventions addressing body dissatis-
faction show encouraging results in women [56], but more trials
are needed. Efforts to reduce weight stigma in society could help
to reduce the psychological burden of overweight and obesity.

Strengths and limitations

Strengths include the population-based longitudinal design,
consideration of a range of behavioural and psychosocial factors
in relation to BMI trajectories, as well as hypothesised interactions
between factors, and the assessment of mediating pathways
linking BMI trajectories and mental health. Limitations are the use
of self-reported height and weight, although the results of this
and other studies support their validity. While BMI is often used as
a measure of body adiposity, it does not distinguish between
excess fat, muscle, or bone mass. We could not distinguish
between typical and atypical depression, which may be differently
associated with body adiposity [57], nor did we have clinical
measures of mental health, which are more strongly associated
with weight [5]. We measured emotional eating, but other eating
behaviours also play a role in BMI trajectories [24]. We assessed
emotional eating and fruit and vegetable consumption once at
the end of the study period. Research indicates that eating
behaviour traits such as emotional eating are largely stable during
childhood [58, 59] and into adulthood [60]; therefore, we would
expect little change in emotional eating during the study period.
However, we cannot exclude the possibility that eating behaviours
changed following weight change, such as weight gain leading to
an increase in emotional eating [61]. Studies with repeated
measures of eating behaviours and BMI are needed to provide
further insights. For example, some research in children suggests
that the relationship between emotional eating and BMI is
bidirectional [62]. We did not test all possible interaction effects
or mediating pathways, and we acknowledge that establishing
true causality is difficult and beyond the scope of our analyses.

CONCLUSIONS

Understanding the role of modifiable risk factors for overweight
and obesity, as well as associated health outcomes, is central to
developing effective prevention and intervention strategies. Our
study highlights emotional eating and body dissatisfaction as
important factors associated with BMI trajectories and mental
health, and to be considered in weight management and mental
health promotion strategies.
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The data are available on request from the corresponding author.
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