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Abstract  
Sleep disorders and, to a lesser extent, anxiety disorders, have been studied independently for their association with 
weight status. However, these mental disorders are highly comorbid. We investigated the prospective associations of 
anxiety, insomnia, and anxiety-insomnia comorbidity with obesity risk in general-population adults. Enrollees in the 
ongoing NutriNet-Sant�e cohort were selected if they had anxiety (Spielberger’s State-Trait Anxiety Inventory [STAI-T], 
2013–16) and insomnia data (sleep questionnaire, 2014), were without obesity at baseline, and had body mass index 
(BMI) data during follow-up. Four baseline morbidity groups were modeled: neither insomnia nor anxiety (reference), 
high anxiety only (STAI-T ≥ 40), insomnia only, comorbid anxiety, and insomnia. The associations between each of 
these morbidity groups and incident obesity (BMI ≥30 kg/m2) were assessed using adjusted Cox proportional 
hazards models. Among 23 797 participants, anxiety, insomnia, and comorbid anxiety and insomnia were present 
in 21%, 6%, and 7% of men, respectively, and in 29%, 8%, and 14% of women, respectively. Mean follow-up was 6.2 ± 
2.0 years. An adjusted significant association between anxiety-insomnia comorbidity and incident obesity was found 
in men (HR¼1.71, 95% CI: 1.06–2.76) but not in women (HR¼1.00, 95% CI: 0.77–1.30) or in the full sample 
(HR¼1.12, 95% CI: 0.89–1.42). No associations were observed between anxiety alone or insomnia alone and incident 
obesity. This large prospective study advances public health knowledge about multimorbidity by suggesting a pro
spective, sex-specific association between anxiety-insomnia comorbidity and increased risk of new-onset obesity. 
Upon replication, the findings could help inform obesity prevention programs.

....................................................................................................................................................................  

Introduction

Anxiety and sleep disorders have a relatively high prevalence in the 
general adult population [1]; they can influence weight gain via 

physiological, hormonal, and behavioral mechanisms [2, 3]. Because 
these mental disorders are potentially preventable and treatable, they 
could be addressed by public health actions targeting obesity. The 
most extensively studied sleep measures related to obesity are sleep 
duration and sleep quality. Quantitative and qualitative literature 
reviews [4, 5] have consistently shown that short sleep and poor sleep 
quality are associated with a greater obesity risk owing to altered 
hormone-driven appetite dysregulation and reduced energy expend
iture [2]. Less research, primarily cross-sectional, has explored the 
insomnia-obesity link, producing inconclusive results [6]. Likewise, 
few general-population studies have investigated the independent as
sociation between anxiety and obesity. A study with >500 000 psy
chiatric patients reported a significant positive association between 
anxiety and 10-year obesity incidence, independent of antipsychotic or 
antidepressant use [7]. One limitation of existing research is the cou
pling of anxiety with depression, restricting the level of evidence for 
anxiety alone [8].

Anxiety and insomnia tend to be comorbid; it has been estimated 
that between a quarter and a half of individuals with anxiety also have 
severe insomnia symptoms [9]. The deleterious effect of comorbid 
mental disorders on somatic health appears to be greater than the 
sum of the individual effects of the conditions [10]. To our know
ledge, only one epidemiological study has addressed the comorbidity 
of anxiety and insomnia in relation to metabolic disorders, showing 
that adults with anxiety-insomnia comorbidity were at 40% greater 
risk of incident type 2 diabetes than were their counterparts without 
either disorder [11]. Presently, the main hypothesis was that adults 
with anxiety-insomnia comorbidity would present a higher risk of 
incident obesity than their counterparts with neither condition or 
with either condition in its pure form. Our secondary hypothesis 
was that the strength of the associations would vary by sex [12].

Methods
This study is part of the MEMORIES project [13] focused on mental- 
physical multimorbidity among general-population adults. The 
epidemiological data for MEMORIES came from the ongoing 
NutriNet-Sant�e cohort (https://etude-nutrinet-sante.fr/) launched in 
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2009. Its design and methodology have been described [14]. Men and 
women from the general population, aged ≥18 years, with Internet 
access and ability to follow an online protocol in French are eligible 
for inclusion. NutriNet-Sant�e was approved by the Institutional 
Review Board of the French Institute for Health and Medical 
Research and by the National Commission on Informatics and 
Liberty. Each volunteer provides electronic informed consent prior 
to enrollment. Next, participants complete a baseline battery of ques
tionnaires assessing sociodemographic and anthropometric character
istics, physical activity and sedentary behavior, physical and mental 
health status, and dietary intake.

In this study, the outcome was incident obesity assessed with the 
body mass index (BMI; kg/m2). At enrollment and biannually there
after, participants self-report their height and weight using a ques
tionnaire that has been compared against clinical measures [15]. 
Obesity was defined as a BMI ≥ 30 kg/m2. In turn, anxiety and in
somnia were the main exposures. Anxiety was evaluated by self- 
reports on the 20-item trait anxiety subscale of Spielberger’s State- 
Trait Anxiety Inventory Form Y (STAI-T), validated for use in the 
French general population [16]. The total score range is 20–80 points, 
with higher scores indicating greater anxiety proneness. As in previ
ous research, STAI-T ≥ 40 defined high anxiety [17]. The scale was 
administered between November 2013 and December 2016 to 119 451 
participants enrolled for ≥2.5 years; n¼ 40 809 completed it once, on 
a voluntary basis. The STAI-T completion date was considered as 
baseline for this analysis.

A sleep questionnaire was administered between February and July 
2014 to all enrollees at that time (n¼ 128 042). In total, 56 718 indi
viduals completed it on a voluntary basis. As previously reported [12], 
the definition of chronic insomnia (presence versus absence) followed 
the International Classification of Sleep Disorders—Third Edition 
(ICSD-3) [18] and the Diagnostic and Statistical Manual of Mental 
Disorders—Fifth Edition (DSM-5) [19]. The criteria included suffer
ing from ≥1 sleep problem (difficulty falling asleep, frequent night 
waking, etc.) ≥3 nights per week in the past ≥3 months.

As covariates, we used self-reported information on sex, age, edu
cation, employment, marital status, smoking, and alcohol consump
tion. Weekly total physical activity and sedentary behavior (minutes 
spent sitting) were derived from the International Physical Activity 
Questionnaire—Short Form [20]. Depressive symptomatology was 
assessed with the 20-item Center for Epidemiologic Studies- 
Depression Scale (CES-D) [21]. It assesses symptoms associated with 
depression over the past week; higher scores indicate higher depres
sive symptomatology. CES-D cutoffs of ≥ 17 for men and ≥ 23 for 
women, validated for the French population, were used [21]. Eating 
disorder (ED) proneness was assessed with the five-item Sick- 
Control-One-Fat-Food (SCOFF) questionnaire where ≥2 positive 
responses indicates a strong likelihood of having an ED [22]. 
Medication use data (e.g. antidepressants, corticoids, oral contracep
tives) that might promote weight gain were also collected using re
imbursement information from the national health insurance database 
to which NutriNet-Sant�e is linked. Finally, mean daily energy intake 
without alcohol (kcal/day) and diet quality as measured by the sim
plified Programme National Nutrition Sant�e Guidelines Score 2 (sPNNS- 
GS2) were assessed using ≥3 24-hour dietary records, which partic
ipants complete every 6 months. sPNNS-GS2 measures adherence to 
French dietary guidelines [23]. Consumption of health-promoting 
foods (e.g. fruits, vegetables, nuts) positively impacts the total score, 
while consumption of foods to be consumed with moderation (e.g. 
salty food, red meat) has a negative impact; higher scores (theoretical 
range: −17.0 to þ13.5 points) reflect better diet quality. The score was 
modeled on a continuous scale.

For this analysis, we used covariate data provided within a 2.5-year 
window around baseline. Each covariate except ED contained <5% 
missing data; participants with incomplete data were excluded while a 
“missing data” modality was created for ED. Additionally, women who 
were pregnant at any point during the study period, participants 
without anthropometric data or with obesity at baseline, those with 

<2 anthropometric measures during the follow-up, and those with 
<6 months of follow-up were excluded. Mental morbidity/comorbid
ity groups were created as follows: (i) neither anxiety nor insomnia 
(reference), (ii) anxiety alone, (iii) insomnia alone, and (iv) comorbid 
anxiety and insomnia. Descriptive characteristics, obtained with Chi- 
squared or Student t tests, in the full sample and by sex are presented 
in Table 1. A comparison of incident obesity rates by baseline mental 
morbidity group is presented in Table 2, using Cox models adjusted 
for age (described below).

In the main analysis, we assessed the association between mental mor
bidity and the incidence of obesity using multivariable Cox proportional 
hazards models, with age used as the time scale. Participants contributed 
person-time from their age at baseline (i.e. age at which they completed 
STAI-T) to their age at obesity onset (defined as the age halfway between 
the anthropometrics questionnaire where self-reported weight/height 
corresponding to obesity was first reported, and the previous assessment 
where BMI did not correspond to obesity), age at last follow-up, age at 
death, or age as of 1 March 2024, whichever occurred first. The propor
tional hazards assumption of the Cox model was confirmed using the 
rescaled Schoenfeld-type residual method. Two different models were 
computed: Model 1 was adjusted for sex, and Model 2 was further 
adjusted for marital status, employment, education, sedentariness, phys
ical activity, alcohol consumption, smoking status, depressive symptoms, 
and ED. Interaction tests by sex were performed, consistent with the 
secondary hypothesis.

Finally, five sets of sensitivity analyses were conducted to assess the 
robustness of the findings, using Model 2 as the basis: (i) with further 
adjustment for medication use that might promote weight gain; (ii) 
with further adjustment for baseline BMI; (iii) with further adjust
ment for mean total energy intake and diet quality; (iv) a model with 
the full sample, imputing missing covariate data using the mode or the 
mean values; and (v) a model with the full sample, excluding prevalent 
cases of cancer, diabetes, major cardiovascular disease, or bariat
ric surgery.

The main tests were two-sided and P< .05 was considered as evi
dence for statistical significance. R version 4.3.1 (R Foundation, 
Vienna, Austria) was used for the analyses.

Results
A total of 36 474 participants in the NutriNet-Sant�e cohort had complete 
data on anxiety and insomnia and were thus eligible for this analysis. The 
final sample consisted of 23 797 participants who met the inclusion 
criteria (72% women; mean age¼ 55.5 ± 12.7 years) (Fig. 1). Baseline 
characteristics are presented in Table 1. The participants were predom
inantly female, relatively well educated and non-smoking. Men were 
older, had higher rates of overweight, were more sedentary, had more 
depressive symptoms, and had higher alcohol consumption than women 
(all P< .001 except for sedentariness P< .05).

Table 2 shows the overall and sex-specific prevalence of mental 
morbidity according to incident obesity status. In the full sample, 
29.1% had anxiety alone, 6.5% had insomnia alone, and 47.6% had 
neither disorder (P< .001). Overall, 16.8% of the participants who 
developed obesity presented an anxiety-insomnia comorbidity at base
line versus 11.6% of those who did not develop obesity (P< .001). 
Among women who developed obesity, 17.7% had an anxiety- 
insomnia comorbidity versus 13.7% of women who did not develop 
obesity (P< .05); among men who developed obesity, 14.5% had an 
anxiety-insomnia comorbidity versus 6.5% of men who did not de
velop obesity (P< .001).

Table 3 presents the results of the multivariable Cox models, with 
“no anxiety or insomnia” used as reference. During a mean follow-up 
of 6.2 ± 2.0 years, 733 incident cases of obesity were observed. In 
Model 1, anxiety-insomnia comorbidity emerged as a significant pre
dictor of incident obesity across sex (HR: 1.58; 95% CI: 1.28, 1.94). In 
the fully adjusted model (Model 2), this association was no longer 
significant in the whole sample (HR: 1.12; 95% CI: 0.89, 1.42). 
Likewise, participants with high anxiety or insomnia did not have 
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an increased risk of incident obesity compared with participants with
out anxiety or insomnia.

As the significance level of the interaction test was P¼ .06, we also 
performed sex-specific analyses (Table 3). In women (n¼ 17 018; 
n¼ 526 incident obesity cases), similar results for anxiety-insomnia 
comorbidity were observed as in the full sample (Model 2 HR: 1.00; 
95% CI: 0.77, 1.30). In men (N¼ 6779; n¼ 207 incident obesity cases), 
a significant association between anxiety-insomnia comorbidity and 
incident obesity was found in both adjusted models (Model 2 HR: 1.71, 
95% CI: 1.06, 2.76). Men and women with high anxiety or insomnia 
did not have an increased risk of incident obesity compared with men 
and women without these disorders.

Results of the sensitivity analyses are presented in Supplementary 
Table S1. Overall, the findings remained largely unchanged in the full 
sample. The same sensitivity analyses were then carried out in each 
sex. In women (Supplementary Table S2), the results were unchanged 

following further adjustment for use of weight gain-promoting medi
cation, following simple imputation for covariates, and in a reduced 
sample of n¼ 14 544 excluding women with a medical history. In the 
analysis with n¼ 17 018 women (526 incident obesity cases, 163 pure 
anxiety cases, 33 pure insomnia cases, 93 anxiety-insomnia comorbid
ity cases) with further adjustment for BMI at baseline, chronic insom
nia alone was associated with a lower risk of obesity (HR: 0.69, 95% 
CI: 0.48, 0.99). Finally, owing to missing data on dietary intake, the 
sample was reduced to n¼ 11 576 women, including 316 incident 
obesity cases, 106 pure anxiety cases, 14 pure insomnia cases, and 51 
anxiety-insomnia comorbidity cases. This analysis included further 
adjustment for mean total dietary energy intake and diet quality; 
chronic insomnia was again associated with a lower risk of obesity 
(HR: 0.56, 95% CI: 0.32, 0.97).

In men (Supplementary Table S3), the anxiety-insomnia comorbid
ity remained a significant predictor of incident obesity in the 

Table 1. Baseline characteristicsa of participants in the full sample and by sex (NutriNet-Sant�e cohort, France, 2013–24)

Full sample N 5 23 797 Men N 5 6779 (28.5%) Women N 5 17 018 (71.5%) P-valueb

BMI, kg/m2, mean (SD) 23.1 (2.9) 24.3 (2.5) 22.6 (2.9) <.001
BMI category <.001

Underweight (<18.5) 1090 (4.6) 69 (1.0) 1021 (6.0)
Normal weight (18.5–24.9) 16 377 (68.8) 4087 (60.3) 12 290 (72.2)
Overweight (25.0–29.9) 6330 (26.6) 2623 (38.7) 3707 (21.8)

Age, years, mean (SD) 55.5 (12.7) 58.2 (13.4) 54.5 (12.2) <.001
Age category <.001
<35 years 1753 (7.4) 484 (7.1) 1269 (7.4)
35–54 years 8741 (36.7) 1935 (28.5) 6806 (40.0)
55–64 years 6407 (26.9) 1643 (24.2) 4764 (28.0)
≥65 years 6896 (29.0) 2717 (40.1) 4179 (24.6)

Educational level <.001
Less than high school 3729 (15.7) 1136 (16.8) 2593 (15.2)
High school diploma 4272 (17.9) 1210 (17.8) 3062 (18.0)
College, undergraduate degree 7566 (31.8) 1698 (25.0) 5868 (34.5)
Graduate degree 8230 (34.6) 2735 (40.3) 5495 (32.3)

Professional categoryc <.001
Manual, blue collar, farmer, office work/administrative staff 7043 (29.6) 1321 (19.5) 5722 (33.6)
Professional/executive staff 5179 (21.8) 1670 (24.6) 3509 (20.6)
Retired 9515 (40.0) 3540 (52.2) 5975 (35.1)
Without professional activity 2060 (8.6) 248 (3.7) 1812 (10.6)

Marital status <.001
Living alone (single, divorced, widowed) 5941 (25.0) 1142 (16.8) 4799 (28.2)
Married, cohabiting 17 856 (75.0) 5637 (83.2) 12 219 (71.8)

Physical activity leveld <.001
Low 4720 (19.8) 1207 (17.8) 3513 (20.6)
Moderate 9502 (39.9) 2410 (35.6) 7092 (41.7)
High 9575 (40.2) 3162 (46.6) 6413 (37.7)

Sedentariness, minutes spent sitting/dd, mean (SD) 340 (186) 344 (189) 338 (184) .02
Alcohol use, g ethanol/d, median (first quartile-third quartile) 4.3 (0.7–7.6) 8.6 (2.9–18.6) 2.9 (0.7–5.6) <.001
Smoking status <.001

Never smoker 11 851 (49.8) 2921 (43.1) 8930 (52.5)
Former smoker 9556 (40.2) 3244 (47.9) 6312 (37.1)
Current smoker 2390 (10.0) 614 (9.0) 1776 (10.4)

Depressive symptomse (yes) 2631 (11.1) 877 (12.9) 1754 (10.3) <.001
Eating disordersf (yes) 1976 (8.3) 299 (4.4) 1677 (9.9) <.001
Mean total energy intakeg (Kcal/day) 1857 (414) 2171 (427) 1725 (328) <.001
Diet quality indexh (sPNNS-GS2) 1.68 (3.3) 0.11 (3.5) 2.3 (3.0) <.001
Use of medications that promote weight gain (yes) 11 679 (49.1) 3261 (48.1) 8418 (49.5) .06

a: Values represent n (%) unless noted otherwise.
b: Obtained by Student t tests or Pearson’s Chi-squared test, as appropriate.
c: “Without professional activity” includes “homemaker, disabled, unemployed, or student."
d: Assessed with the International Physical Activity Questionnaire-Short Form according to established scoring criteria.
e: Depressive symptomatology was defined as Center for Epidemiologic Studies-Depression Scale, CES-D ≥ 17 in men and CES-D ≥ 23 

in women.
f: Eating disorder proneness was assessed with ≥2 affirmative responses on the five-item SCOFF questionnaire; 2954 data points 

were missing.
g: 7350 data points were missing.
h: The theoretical range of the sPNNS-GS2 is from −17.0 to þ13.5 points, with a higher score reflecting better diet quality. 7350 data points 

were missing.
BMI: body mass index; SD: standard deviation; sPNNS-GS2: simplified Programme National Nutrition Sant�e—Guidelines Score 2.
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following sensitivity analyses: (i) with further adjustment for use of 
weight gain-promoting medication, (iv) with simple imputation for 
covariates, and (v) in a reduced sample of n¼ 5327 excluding men 
with a medical history. Next, for sensitivity analysis (ii), which was 
further adjusted for baseline BMI, there were n¼ 6779 men (207 
incident obesity cases; 50 pure anxiety cases; 15 pure insomnia cases; 
40 anxiety-insomnia comorbidity cases), the association was in the 

hypothesized direction but no longer significant (HR: 1.60, 95% CI: 
0.99, 2.61). Finally, owing to missing data on dietary intake, for 
analysis (iii), the sample was reduced to n¼ 4871 men, including 
124 incident obesity cases, 22 cases of pure anxiety, 12 cases of pure 
insomnia, and 14 cases of anxiety-insomnia comorbidity. This analysis 
included further adjustment for mean total dietary energy intake and 
diet quality; the association between anxiety-insomnia comorbidity 

Table 2. General and sex-specific prevalence of each mental morbidity group according to obesity status at follow-up, NutriNet-Sant�e cohort, France

Full sample Men Women

Overall  
N 5 23 797

No incident  
obesity  
n 5 23064

Incident  
obesity  
n 5 733

Pa Overall  
N 5 6 779

No incident  
obesity  
n 5 6572

Incident  
obesity  
n 5 207

Pa Overall  
N 5 17 018

No incident  
obesity  
n 5 16492

Incident  
obesity  
n 5 526

Pa

Mental morbidity groups <.001 <.001 .03
No anxiety or insomnia 12 795 (53.8) 12 446 (54.0) 349 (47.6) 4496 (66.3) 4384 (66.7) 112 (54.1) 8299 (48.8) 8062 (48.9) 237 (45.1)
High trait anxiety aloneb 6408 (26.9) 6195 (26.9) 213 (29.1) 1427 (21.1) 1377 (21.0) 50 (24.2) 4981 (29.3) 4818 (29.2) 163 (31.0)
Chronic insomnia alone 1786 (7.5) 1738 (7.5) 48 (6.5) 399 (5.9) 384 (5.8) 15 (7.2) 1387 (8.2) 1354 (8.2) 33 (6.3)
Anxiety-insomnia  

comorbidity
2808 (11.8) 2685 (11.6) 123 (16.8) 457 (6.7) 427 (6.5) 30 (14.5) 2351 (13.8) 2258 (13.7) 93 (17.7)

Values represent n (%).
a: Obtained by Cox proportional hazards model adjusted for age (time scale).
b: High trait anxiety defined as STAI-T ≥ 40. STAI-T, form Y; score range: 20–80 points; higher scores reflect higher proneness to anxiety.

Figure 1. Participant selection flowchart.
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and incident obesity was again in the hypothesized direction but no 
longer significant (HR: 1.17; 95% CI: 0.59, 2.29).

Discussion
In this prospective study of 23 797 adults recruited from the general 
population, we investigated the association of anxiety, insomnia, and 
their comorbidity with obesity risk during a mean follow-up of 6.2 
years. We compared obesity risk in four morbidity groups established 
at baseline: no anxiety or insomnia (reference), anxiety alone, insom
nia alone, and anxiety-insomnia comorbidity. In the fully adjusted 
model, no significant association was observed between anxiety- 
insomnia comorbidity and incident obesity in the overall sample, 
contrary to our main hypothesis. In turn, our secondary hypothesis 
was partially confirmed since a borderline significant interaction by 
sex was observed. A significant association between anxiety-insomnia 
comorbidity and incident obesity was found only in men, showing 
that those who had mental comorbidity had a 71% higher risk of 
developing obesity than their comorbidity-free counterparts. No 
such associations emerged in women. Our findings are somewhat 
consistent with those from the population-based HUNT cohort, 
where an association between anxiety and incident obesity was found 
only in men [8].

In this study, baseline prevalence of overweight (i.e. persons at risk) 
varied by sex, being substantially higher in men than in women 
(38.7% versus 21.8%, respectively). The ratio of the number of cases 
with mental comorbidity to the total number of persons at risk was 
likewise twice as high among men than among women (6.5% versus 
3.9%, respectively). Taken together, these aspects might partly explain 
the significant results obtained only in men. The discrepancy between 
men and women could also be partly due to differences in eating 
habits and lifestyle. Stress and sleep difficulties likely have a sex- 
specific impact on food choices, particularly regarding comfort and 
palatable foods. Men might be more inclined to choose meal-type 
foods (e.g. hamburgers, steak) whereas women might prefer sweet 
snacks [24, 25]. Sex-specific differences in multiple components of 
the hypothalamic-pituitary-adrenal (HPA) axis in response to stress 
have also been documented. In fact, androgens have been shown to 
increase and estrogens to decrease HPA activity in adulthood [26]. 
Chronic stress is a known disruptor of energy homeostasis, leading to 
deleterious consequences in emotion and metabolism regulation [27]. 
Women might be more vulnerable to the psychological consequences 
of stress (e.g. anxiety, depression) while men might have increased 
vulnerability to the metabolic consequences of stress (e.g. insulin re
sistance, altered fat distribution) [27, 28].

The present findings also suggest potential differences in the eti
ology of obesity associated with pure versus comorbid mental disor
ders. We did not find a significant association between anxiety alone 
and incident obesity, which contrasts with previous studies. For ex
ample, following adjustment for use of antidepressants and antipsy
chotics, a prospective association was reported between a history of 
anxiety and risk of obesity among psychiatric patients [7]. Another 
study carried out in the HUNT cohort found an association between 
anxiety or depression and obesity, that was adjusted for insomnia 
symptoms [8]. Individuals with a mental health diagnosis have a sig
nificantly higher risk of developing a second mental health disorder 
compared with their healthy counterparts [29]. In addition, there is a 
strong association between comorbidity and symptom severity [30]. It 
is therefore crucial to consider the co-occurrence of ≥2 mental health 
conditions when identifying populations at high risk and when 
designing effective public health programs, particularly those aimed 
at obesity prevention. Presently, public health policy, healthcare sys
tems, and clinical guidelines are largely centered on individual ill
nesses rather than comorbidity [31].

In the full sample, results remained largely unchanged in the sen
sitivity analyses. Among men, the results were also mostly unchanged. 
In models further adjusted for baseline BMI and diet-related variables, 
respectively, the association between anxiety-insomnia comorbidity 

and incident obesity were in the hypothesized direction but not sig
nificant due to insufficient statistical power (only 14 anxiety-insomnia 
comorbidity cases). Among women, in analyses with additional ad
justment for baseline BMI or total energy intake and diet quality, 
insomnia emerged as a protective factor for incident obesity. This 
was an unexpected finding and should be investigated further before 
attributing it to chance. Whereas baseline BMI was modeled as a 
confounder, it might also be a mediator of the association, in which 
case controlling for it might have produced over-adjustment of the 
models. Future research could also explore the role of sleep duration 
alongside these mental disorders, which was not possible to address in 
this study. It has been shown that insufficient sleep or poor sleep 
quality could heighten food reward sensitivity, leading to increased 
snacking and a preference for high-fat, high-carbohydrate, energy- 
dense foods which, over time, increases the risk of weight gain and 
obesity [2, 32].

This study has some limitations. Chronic insomnia and trait anx
iety were measured by self-report questionnaires that included vali
dated scales and criteria widely used in epidemiology, yet these 
measurements do not replace clinical diagnoses. Individuals with the 
most severe symptoms of anxiety or insomnia might not have been 
included in this analysis, potentially reducing variability in the meas
ures and introducing selection bias. Moreover, insomnia was assessed 
over 6 months (2014), whereas anxiety was assessed over 38 months 
(2013–16), thus numerous participants had provided anxiety data a few 
months after providing insomnia data. However, that gap is likely to 
have a relatively minor impact on the analyses, given the chronicity of 
both conditions. Next, the dependent variable—BMI—was calculated 
using self-reported data. Moreover, the studied associations might 
depend on the obesity measure used, as shown in our previous 
work [12] or BMI might be a mediator of the association between 
mental illness and obesity risk. Next, despite the ability to perform 
sex-specific analyses, the interaction test was borderline significant. 
Future, sufficiently powered studies using sex-balanced samples are 
necessary to replicate the analyses and confirm the sex-specific effects. 
In turn, some residual confounding might have persisted, potentially 
increasing the risk of biased effect estimates. For example, in order to 
preserve the available sample sizes for subgroup analyses, we were 
unable to adjust for sleep duration which is a known dimension of 
sleep health. It is also important to note that the sensitivity analyses 
might have produced unstable risk estimates, as few cases of obesity, 
anxiety, and insomnia were observed, especially in men. Adjustment 
for dietary variables substantially reduced the sensitivity analysis sam
ple. Finally, the available sample might be considered over-selected, 
making it somewhat challenging to conclude about the true strength 
of associations. Participants included in the analysis were generally 
older, more likely to be retired, to report higher levels of physical 
activity, and were less likely to be current smokers compared to those 
who were excluded from the analysis [33, 34]. Moreover, the 
NutriNet-Sant�e cohort includes a higher proportion of well- 
educated individuals with a greater interest in health and nutrition 
than in the general French population, which might limit the external 
validity of the findings [35, 36].

Despite the limitations, the study has important strengths. To our 
knowledge, this is the first study to address a relevant public health 
question by examining the relationship between anxiety-insomnia 
comorbidity and obesity incidence. We used a large and diverse sam
ple of French adults, a prospective design, validated mental health, 
anthropometric, and sociodemographic tools, and extensive covariate 
adjustment. Another notable strength was the availability of data on 
multiple mental health conditions (e.g. anxiety, insomnia, depressive 
symptoms, ED) and physical health status.

The findings advance knowledge about multimorbidity in a public 
health context and suggest potential sex-specific associations between 
mental health and obesity risk. Specifically, in this large prospective 
study, men with anxiety-insomnia comorbidity had a 71% higher 6- 
year risk of incident obesity than men who had neither anxiety nor 
insomnia. Further research is needed to better understand the 
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observed sex differences and to replicate the models in different pop
ulations. Given the relatively high prevalence of anxiety, insomnia, 
and obesity in the general population, it is important to decipher their 
interrelations in order to develop effective obesity preven
tion strategies.
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