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Abstract
Background: The present study aimed to investigate the associations of obesity phenotypes with
depression, anxiety, and stress symptoms among adults in the Tehran Lipid and Glucose Study (TLGS).

Methods: Depression, anxiety, and stress levels of participants from the TLGS were examined among
different obesity phenotypes in this cross-sectional study.

Obesity was de�ned as body mass index (BMI) ≥30 kg/m², and metabolically unhealthy status based on
having metabolic syndrome (MetS) or type 2 diabetes. Four obesity phenotypes were de�ned: 1)
Metabolically Healthy Non-Obese (MHNO), 2) Metabolically Healthy Obese (MHO) 3) Metabolically
Unhealthy Non-Obese (MUNO), and 4) Metabolically Unhealthy Obese (MUO). Emotional states of
different obesity phenotypes were assessed by the Persian version of depression, anxiety, and stress
scale-21 items (DASS-21). Ordinal logistic regression analysis was used to compare sex-speci�c odds
ratios of depression, anxiety, and stress in different obesity phenotypes. 

Results: The mean age of 2469 men and women was 46.2±15.9 and 45.6±14.7, respectively. In total,
women were more likely to experience higher levels of depression (30.5%), anxiety (44.2%), and stress
(43.5%) symptoms compared to men. After adjusting for potential confounders, compared to MHNO men,
the odds of experiencing higher anxiety levels were signi�cantly greater in metabolically unhealthy men
whether they were obese (OR: 1.78, 95% CI: 1.25-2.54; P=<0.001) or non-obese (OR: 1.61, 95% CI: 1.17-
2.21; P= <0.001), and also in MUO women (OR: 1.73, 95% CI: 1.28-2.34; P=<0.001) compared to MHNO
women. Moreover, the odds of experiencing higher stress levels were signi�cantly greater in MUNO men
(OR: 1.40, 95% CI: 1.02-1.90; P=0.04) compared to MHNO men and in MUO women (OR: 1.45, 95% CI:
1.07-1.96; P=0.02) compared to MHNO women. No difference in depression levels was observed in either
sex. 

Conclusions:  Our results showed that men and women with various obesity phenotypes experienced
different anxiety and stress levels. While MUO women and all metabolically unhealthy men experienced
more anxiety and stress levels than MHNO individuals, none of the obesity phenotypes were associated
with depression. These �ndings provide insight into recognizing the psychological consequences of
different phenotypes of obesity in both sexes and utilizing future health promotion planning. 

Background
Obesity is a common health issue that has tripled over the last decades (1). Along with the global
ascending rate of excessive weight gain, a range of 18.5% - 25% as an average prevalence for obesity
among the Iranian adult population has also been reported (2). Obesity has been identi�ed as the leading
cause of chronic disorders, such as cardiovascular diseases (CVDs), diabetes mellitus, cancers, and
premature death (3). One of the complications of obesity is related to its frequent incidence with
metabolic syndrome (MetS). According to some studies, measuring only body mass index (BMI) in
evaluating the outcomes of obesity is misleading since individuals' metabolic status is an equally
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essential determinant as BMI (4). In this regard, obesity phenotypes can be represented as combinations
of BMI and metabolic health components, leading to different health outcomes (5).

There are fewer investigations about the mental outcomes of obesity and MetS than physical
comorbidities. In the realm of psychological consequences, it has been indicated that metabolic
disturbances are partly responsible for increased mortality in schizophrenic and bipolar patients (6). Yet,
there is no certain consensus about the predisposing impacts of obesity and MetS on common mental
health outcomes such as depression, anxiety, and stress symptoms. These conditions, which are more
common in women than men (7), affect individuals' moods or feelings, decline productivity, and cause a
tremendous economic burden (8, 9). The prevalence of depression (44%), anxiety (42%), and stress (40%)
symptoms in Iran is surprisingly high, with a higher rate of incidence in women. (10). Due to the sex
differences in depression, anxiety, and stress symptoms, in addition to speci�c physical and socio-
environmental determinants in men and women, it seems essential to conduct a sex-speci�c study to
recognize factors affecting them, such as different obesity phenotypes.

Although Individuals with obesity are believed to have more depression and anxiety at clinical and
subclinical levels, supported by a large body of evidence (11, 12), some studies have not found any
relationship (13-15). Even others have established the "jolly fat" theory, emphasizing that higher BMI
could lead to fewer mental health issues, including depression and anxiety (16, 17). In terms of MetS,
similar con�icting results have been published on depression and anxiety symptoms associated with
unfavorable metabolic pro�les (18-21). The previous studies also examined the bi-directional relationship
and the existence of a vicious cycle between obesity and stress (22), which has been considered a risk
factor for some metabolic syndrome parameters (23). However, a recent meta-analysis on four quali�ed
studies indicated no relationship between MetS and stress levels in the adult population (23).

The remarkable point is that despite the frequent concurrence of obesity and MetS, most of the prior
studies have not considered the heterogeneity of obesity phenotypes. Only a few studies were conducted
to assess whether or not being a metabolically healthy obese (MHO) phenotype is a psychologically
benign situation compared to other phenotypes. As the meta-analysis in 2014 revealed, although MHO
individuals experience higher levels of depressive symptoms than metabolically healthy non-obese
(MHNO) ones, they were less likely to develop depressive symptoms compared to metabolically
unhealthy obese (MUO) individuals (24). Afterward, four similar studies were conducted, three of which
only considered depression as an outcome. Two studies among Irish and French populations showed a
higher risk of psychological health conditions in MUO individuals (25, 26). In contrast, the recent English
Longitudinal Study of Ageing (ELSA) revealed no association between obesity and MetS with depression
(27); a study among a very small Iranian population indicated that MHO was a benign phenotype
associated with depression (28). Examining the effects of two common somatic diseases on mental
health conditions could shed light on one aspect of these multifactorial disorders. The current study
aimed to investigate the association of obesity phenotypes with depression, anxiety, and stress
symptoms in adult participants of the Tehran Lipid and Glucose Study (TLGS). The obtained results
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could provide a comprehensive view regarding the emotional states of a large general population in West
Asia.

Methods
Study design and participants

This study was conducted in the framework of the TLGS. The TLGS includes two major junctures: The
�rst juncture was the 1st phase, a cross-sectional study designed to determine the prevalence of non-
communicable diseases (NCDs) risk factors executed from 1999 to 2001. A total of 15005 individuals
aged ≥three who were residents of district 13 of Tehran were recruited in the study. The second juncture
includes �ve follow-up phases that have been implemented from 2002 to 2019 every three years. More
study details have been reported previously (29).

In the current study, from all the individuals who participated in the TLGS during the 2016-2019 (6th

phase), 2728 participants aged ≥20 years with complete data on depression, anxiety, and stress were
recruited. After excluding those with missing data on BMI, MetS components, or covariates
(sociodemographic factors, smoking status, and level of physical activity) (n=259), the �nal data of 2469
adults (1158 men and 1311 women) were analyzed. This study was approved by the ethics committee of
the Research Institute for Endocrine Sciences, Shahid Beheshti University of Medical Sciences. All the
participants signed the written informed consent before data collection.

De�nition and measurements

Biochemical measurements: The blood sample was taken from the participants after a 12-14 hour
overnight fast by trained personnel in the data collection center of the TLGS. All blood samples of fasting
blood sugar (FBS) and serum lipids (total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C),
and triglycerides (TG)) were analyzed in the TLGS research laboratory on the same day. Additional
information has been previously published about the biochemical (30)

Clinical and anthropometric measurements: Trained personnel measured the weight, height, and waist
circumferences of participants while they wore light clothes and were barefoot. The weight was
measured using an electronic digital scale that its accuracy was up to 100 g. The height was examined in
cm, while participants were standing normally using a tape meter stadiometer. Waist circumference was
measured via an unstretched measuring tape and recorded to the nearest 0.1 cm. The blood pressure was
measured after a 15-minute rest period in the seated position twice by quali�ed physicians via a standard
mercury sphygmomanometer; the average of two measurements was considered for analysis.

MetS and Type 2 diabetes: MetS was de�ned as having any three of the following abnormalities: 1)
ethnic-based abdominal obesity, which was de�ned as waist circumference ≥ 90 cm for men and women
(31); 2) HDL-cholesterol < 40 mg/dl in men or 50 mg/dl in women; 3) triglyceride ≥ 150 mg/dl; 4) glucose
FBS≥ 126 mg/dl or known treatment for diabetes; 5) blood pressure ≥ 130/85 mmHg or use of



Page 5/18

antihypertensive drugs (32). Type 2 diabetes was de�ned as fasting blood sugar FBS ≥ 126 mg/dl or 2-
hour post-load glucose ≥ 200 mg/dl or taking medication for diagnosed diabetes. Obesity was de�ned as
BMI≥30 kg/m².

Obesity phenotypes: The participants were categorized into four obesity phenotypes: 1) Metabolically
healthy non-obese (MHNO), 2) Metabolically healthy obese (MHO), 3) Metabolically unhealthy non-obese
(MUNO), and 4) Metabolically unhealthy obese (MUO). Metabolically unhealthy status was de�ned as
having MetS or diabetes type 2, according to the Joint Interim Statement (JIS) and the American Diabetes
Association (ADA), respectively.

Sociodemographic characteristics: The participants' age, sex, marital status, job status, and educational
level were assessed via a pretest questionnaire. Participants' educational level was de�ned as 1) Primary:
including people with less than a high school diploma; 2) Secondary: including people with a high school
diploma; and 3) Higher: including people with a college degree or higher.

 Smoking and physical activity status: The smoking habit of participants was classi�ed into two groups:
1) smokers (daily and occasionally smokers) and 2) non-smokers (ex-smokers or never smokers).
Physical activity levels were evaluated by the validated Iranian version of the Modi�able Activity
Questionnaire (MAQ). The frequency and duration of each leisure-time and work physical activity
(standing, housework, and work activities more intense than standing) were calculated as hour/week.
Then they were multiplied by the weight and the metabolic equivalent task (MET) of the particular act to
calculate the energy expenditure for each domain. Total physical activity was calculated by adding each
domain's energy expenditure and was categorized into three groups of low (<600), moderate (600-3000),
and high (≥3000) physical activity (33).

Depression, anxiety, and stress: The Persian version of depression, anxiety, and stress scale-21 items
(DASS-21) was used to assess emotional distress among participants. The psychometric properties of
the Persian version of DASS-21 have been previously studied among the Iranian population, and its
reliability and validity were approved (34). DASS-21 is a self-report questionnaire, including three scales,
and each scale was composed of seven items divided into subscales with similar content. Examples of
items in each subscale are "I couldn't seem to experience any positive feeling at all" for depression; "I
experienced trembling (e.g., in the hands)" for anxiety; and "I felt that I was using a lot of nervous energy"
for stress. The participants completed this questionnaire by rating each item to re�ect their emotional
experiences over the past week from 0 (did not apply to me at all) to 3 (applied to me very much).
Depression, anxiety, and stress were treated as ordinal variables in the current study. The cut-off scores
for conventional severity labels were used as follows: 1) Depression: normal: 0-9, mild: 10-13, moderate:
14-20, and severe: +21; 2) Anxiety: normal: 0-7, mild: 8-9, moderate: 10-14, and severe: +15; 3) Stress:
normal: 0-14, mild: 15-18, moderate: 19-25, and severe: +26. According to the DASS-21 scoring structure,
each scale in this questionnaire was multiplied by two, so the highest score for each scale was 42 (35).

Statistical analysis
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Continuous variables were expressed as mean ± standard deviation (SD), and categorical variables were
expressed as frequency (percentage). The continuous and categorical variables among different obesity
phenotypes were compared via the one-way ANOVA and Chi-square test, respectively. To show an
overview and a general comparison, mean scores of depression, anxiety, and stress were compared
across different obesity phenotypes via the analysis of covariance and age, marital status, education, job
status, smoking status, and level of physical activity were considered as adjustments. Ordinal logistic
regression was used to explore the associations across obesity phenotypes and ordinal outcomes of
depression, anxiety, and stress. Sex-speci�c odds ratios (ORs) with 95% con�dence intervals were
calculated and reported for men and women separately; model 1 was unadjusted, while model 2 was
adjusted for age, marital status (Ref.: Married), education (Ref.: Higher), job status (Ref.: Employed),
smoking status (Ref.: Non-smoker), and level of physical activity (Ref: High). All tests were two-sided, and
a p-value of less than 0.05 was considered statistically signi�cant. After controlling the false discovery
rate (FDR=0.2) by the method of Benjamini-Hochberg (36), all p-values under 0.04 remained signi�cant.
Statistical analysis was conducted using the IBM SPSS 24 (SPSS Inc., Chicago, IL, USA).

Results
The mean age of 2469 men and women was 46.2±15.9 and 45.6±14.7 years, respectively. The
distribution of sociodemographic factors, smoking status, and level of physical activity among study
groups are illustrated in Table1. The majority of participants in all groups were married (79.9% men and
75.1% women). Most metabolically unhealthy male subjects had a college degree (40% non-obese and
43.4% obese), while most metabolically unhealthy women had a high school diploma or less (45.6% non-
obese and 51.1% obese). Most men across all phenotypes (74%) were employed, while most women
(71.5%) were unemployed or identi�ed as housewives. The prevalence of type 2 diabetes among MUNO
and MUO phenotypes was 20% and 16.6% among men, likewise 33.8% and 25.1% among women. The
mean BMI of participants was 27.79±4.85. The descriptive statistics of BMI and MetS components in
men and women are represented in Table 1-Appendix.
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Table 2 illustrates the distribution of depression, anxiety, and stress levels among phenotypes for men
and women. In total, women were more likely to experience higher levels of depression (30.5%), anxiety
(44.2%), and stress (43.5%), and the number of severe depression, anxiety, and stress in women (7.3%,
15.5%, and 16.6%) was higher than men (4.7%, 8.2%, and 9.5%). The highest and lowest frequency in the
entire sample were MHNO women with normal depression levels and MHO men with moderate and
severe depression, respectively. The mean scores of depression, anxiety, and stress were compared
among different obesity phenotypes after adjusting for age, marital status, level of education, job status,
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smoking status, and level of physical activity and were illustrated in (Figure 1). The results showed that
mean anxiety scores in men and mean anxiety and stress scores in women were signi�cantly different
among obesity phenotypes (p= 0.044, p=0.02, and p=0.022, respectively). However, there was no
signi�cant difference in the depression scale in both sexes.

Table 3 shows the odds ratios (95% CI) of reporting higher levels of depression, anxiety, and stress for
different obesity phenotypes for men and women separately. After adjusting for potential confounders,
including age, marital status, level of education, job status, smoking status, and level of physical activity,
the odds of experiencing higher levels of anxiety were signi�cantly greater in MUO (OR: 1.78, 95% CI: 1.25,
2.54; p=<0.001) and MUNO men (OR:  1.61, 95% CI: 1.17, 2.21; p= <0.001) compared to MHNO men, and
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also in MUO women (OR: 1.73, 95% CI: 1.28, 2.34; p=<0.001) compared to MHNO women. Moreover, the
odds of experiencing higher stress levels were signi�cantly greater in MUNO men (OR: 1.40, 95% CI: 1.02,
1.90; p=0.04) and in MUO women (OR: 1.45, 95% CI: 1.07, 1.96; p=0.02) compared to MHNO men and
women, respectively. The difference in having higher depression levels was observed in MUO women
before adjustment (OR: 1.39, 95% CI: 1.04, 1.84; p=0.02), but no difference was observed after
adjustments in both sexes.

Discussion
The present study was one of the �rst attempts to investigate the relation of obesity phenotypes with
emotional distress among men and women in Tehran. In total, the current results indicated that women
across all phenotypes were more likely to experience depression, anxiety, and stress symptoms compared
to men. More strati�ed analysis based on weight and metabolic status revealed an increased risk of
anxiety and stress among MUO women compared to their MHNO counterparts. However, corresponding
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results for men showed that regardless of weight status, metabolic conditions were associated with
higher anxiety and stress levels. Interestingly, obesity phenotypes were not related to depression in either
sex.

The current results indicated that women were more likely to report experiencing negative mental health
symptoms, mainly in the form of anxiety and stress. Consistent with our �ndings, sex differences and
higher prevalence of mood and anxiety disorders among women have been addressed in Iran (10) and
other nations as well (37). Apart from genetic and other biological factors like different hormonal
�uctuations in women (38), some essential psychosocial determinants, including more extended
rumination and brooding (39), shame, interpersonal stressors, and experienced violence in women, are
considered the reasons for this higher prevalence worldwide. Also, gender inequality, traditional gender
roles, and sex-based discrimination are recognized as in�uential cultural factors (40). In transitional
societies, including most Middle-Eastern countries, all developments in the community's economic and
educational structure in recent decades have been accompanied by the multiplicity of women's expected
roles, which could complicate the underlying causes of mentioned mental health outcomes (41).

There were signi�cant relationships among obesity phenotypes with anxiety and stress in both sexes in
the current study. The previous studies focused mainly on depression as a mental health construct
regarding obesity phenotypes. On the other hand, using different measurement tools for assessing
mental health outcomes, investigating separate effects of obesity and cardiovascular risk factors, and
various cultural contexts make the comparison di�cult. To the best of our knowledge, only one study
among a middle-aged Irish population revealed a higher risk of anxiety in MUO individuals than their
MHNO counterparts (25). Other studies focused on weight and metabolic health status separately. In this
regard, a meta-analysis reported a more frequent incidence of anxiety among individuals with obesity
compared to those without obesity (12). Conversely, some evidence showed the lack of association
between MetS and anxiety among Japanese men (18). Regarding stress, the �ndings of a recent meta-
analysis on four studies indicated no association between MetS and stress (23). In the current study,
higher levels of anxiety and stress were simultaneously observed in the same de�nite phenotypes in both
sexes. This is in line with previous �ndings indicating chronic stress leads to anxiety, and anxiety makes
individuals vulnerable to stress (42). Moreover, indisputable effects of local culture on these global
experiences can be seen in the �ndings; collectivism, one of the fundamental characteristics of Middle
Eastern societies, helps prevent depression by social support but may result in increased anxiety. People
in high collectivist cultures tend to attribute great signi�cance to the social context, making them more
exposed to anxiety (43). In terms of sex differences, our �ndings indicated the importance of metabolic
health status in increasing men's anxiety and stress levels, while neither obesity nor metabolic syndrome
was solely associated with women's mental health conditions. One of the potential reasons for this sex
difference could be the economic responsibility that men have in Iranian families (44), which could
highlight the signi�cance of men's health conditions.

The current �ndings revealed no signi�cant association between obesity phenotypes and depression in
both sexes. These results are consistent with the English Longitudinal Study of Ageing (ELSA) �ndings,
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which indicated that neither obesity nor poor metabolic status was associated with higher risks of
depressive symptoms at over two years follow-up (27). Accordingly, another longitudinal survey
suggested that obesity was not a predictor of depression in Canadian women (13), and the same results
have been observed among Mexican men (15). Also, the lack of relationship between MetS and
depression has been published among a sample of Turkish adults (19). However, two systematic reviews
con�rmed the positive relationship between obesity and depression in American and Korean populations
(11) and an increased risk of depression for MUO individuals (45). Since the relation of obesity
phenotypes with depression is multifactorial, the discrepancy in the outcomes could have a wide range of
physical to psychosocial factors. Aside from gene-by-environment interaction (46), the underlying
psychological factors seem to play a particular role in this regard. The increased prevalence of
psychiatric morbidity, especially the depression in the treatment-seeking population, somehow re�ects the
difference in people's view of obesity (47). Individuals with obesity who seek possible ways of losing their
excessive weight experience obesity as a condition that needs to be changed. This point of view could be
caused by psychological factors like perceived body weight (48) and body dissatisfaction (49), which are
strongly in�uenced by western media exposure and negative beliefs about obesity (50). On the other
hand, in some developing countries, obesity is considered a sign of health and wealth.; hence, since
higher socio-economic groups are more likely to be obese, excessive weight does not have a signi�cant
psychological burden in these communities (51). Additionally, Muslim countries like Iran have particular
dress coding and clothing rules, which may lessen the importance of body shape and appearance and
consequently lower psychological effects of weight status (14). All these factors could make obesity a
neutral factor in association with depression levels of the current study's population.

While the current study had strengths, there were some limitations. To the best of our knowledge, this is
the �rst study to examine the synergic effects of weight and metabolic status on depression, anxiety, and
stress among a large population of Tehranian adults. Nevertheless, due to the limitation of the cross-
sectional design of the study, the causal relationship could not be established. It was also impracticable
to adjust all the confounders due to the complicated essence of emotional distress; thus, the unmeasured
variables could affect our �ndings. Additionally, these results can only be generalized to the Tehranian
urban population.

Conclusions
In conclusion, men and women with various obesity phenotypes experience different levels of anxiety and
stress. While MUO women and all metabolically unhealthy men experienced more anxiety and stress
levels than MHNO individuals, none of the obesity phenotypes were associated with depression. These
valuable results on the psychological outcomes associated with different obesity phenotypes would be
bene�cial to recognize one of the somatic factors contributing to increased anxiety and stress symptoms
in adults. These �ndings could also help promote public health in communities by planning new
strategies speci�c to each obesity phenotype.
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Figure 1

The depression, anxiety, and stress means across sex-speci�c obesity phenotypes The mean of DASS
components is adjusted for age, marital status, level of education, job status, and level of physical
activity.


