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Abstract
Background Obesity and mental health issues are two of the most prevalent global public health issues for a 
significant portion of people. The purpose of this study was to investigate the relationship between obesity indicators 
and mental health in Tehran-dwelling Iranian adults.

Methods We conducted a cross-sectional study on healthy Iranian adults using a convenience sampling technique. 
The short form of the Depression Anxiety and Stress Scale (DASS-21) was used to measure the outcome, and 
independent variables included body mass index (BMI), waist-to-hip ratio (WHR), waist-to-height ratio (WHtR), 
body adiposity index (BAI), and a body shape index (ABSI). The relationship between obesity and mental health 
was investigated using a multivariate logistic regression model. The non-linear dose-response relationships were 
evaluated using restricted cubic splines (RCS) with three knots. The Benjamini-Hochberg procedure was used to 
adjust for multiple testing.

Results In our study of 434 participants, females made up 52% of the participants, with a mean age of 38.57 years. In 
all, 54.6%, 53.9%, and 56.6% were classified as having anxiety, depression, and stress respectively. Logistic regression 
analysis showed that the odds of mental health components including anxiety, depression, or stress was not 
significantly different across the tertiles of the obesity indicators. We observed a significant dose-response relationship 
between BAI and ABSI and the risk of anxiety (PBenjamini-Hochberg 0.028 > Pdose-response 0.023) and stress (PBenjamini-Hochberg 
0.028 > Pdose-response 0.003) but not depression (PBenjamini-Hochberg 0.014 < Pdose-response 0.018). The lowest risk for anxiety 
was observed in people with a BAI of 28% and ABSI equal to 0.079. The risk of stress seemed to increase beyond an 
ABSI of 0.086.

Conclusion Our findings showed no direct linear association between obesity indices and anxiety. However, a dose-
response relationship was observed between BAI and ABSI and the risk of anxiety and stress, indicating the need for 
further investigation.
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Background
One billion people worldwide are estimated to suffer 
from a mental illness, according to a recent survey [1]. 
The prevalence of mental illness in the WHO Eastern 
Mediterranean Region, which includes several Middle 
Eastern countries, was found to be 10.3% for current 
prevalence, 4.5% for lifetime prevalence, and 6.0% for 
period prevalence. In the WHO Eastern Mediterranean 
Region, which includes various Middle Eastern countries, 
the current prevalence of mental illness was found to be 
10.3%, lifetime prevalence was 4.5%, and period preva-
lence was 6.0% [2]. These rates are expected to rise due 
to ongoing wars and conflicts [3]. Depression and anxiety 
disorders are the most common mental illnesses in the 
Middle East [2, 3]. Mental disorders in the region were 
associated with 11.9 million disability-adjusted life years 
(DALYs) from 1990 to 2013, with Palestine, Djibouti, 
and Somalia recording the highest [3]. The prevalence of 
mental health disorders has increased in Iran, as it has in 
many other countries. According to estimates, there were 
roughly 20.0% mental health disorders among adults aged 
15 and older in 1999 [4] and 23.4% in 2015 [5]. Further-
more, a recent population-based study carried out in Iran 
between December 2019 and February 2020 on 24,584 
adults over the age of 15 discovered that the prevalence 
of mental disorders was 29.7% [6], indicating a trend in 
the upward direction over time. Accumulating evidence 
shows the link between mental and physical health. The 
fact that physical health may affect mental health and vice 
versa is becoming more widely recognized [7]. Numer-
ous factors, including an individual’s body composition 
(being overweight or obese) [8–11], living with chronic 
diseases [12], and pandemic diseases such as COVID-19 
[13], have been implicated as risk factors for developing 
mental disorders.

Obesity is a major public health concern, and it is 
affecting both developed and developing countries 
[14–16]. On a global scale, overweight and obesity were 
responsible for approximately 120  million disability-
adjusted life years (DALYs) and 4.0 million deaths in 2015 
[17]. Obesity prevalence tripled between 1975 and 2016, 
with 13% of adults globally (11% of males and 15% of 
women) obese in 2016 [18]. Obesity prevalence in Middle 
Eastern countries was estimated to be 21.17% in a recent 
comprehensive review and meta-analysis [19]. According 
to the combined estimate, 22.41% of Iranians were obese. 
The prevalence of obesity decreased from 22.41% (from 
2000 to 2006) to 17.74% (from 2007 to 2013) according 
to trend analysis. However, the prevalence rose to 25.98% 
between 2014 and 2020 [19].

For a considerable number of people, obesity and men-
tal health disorders co-occur, making them two of the 
most common global public health challenges [20, 21]. 
Obesity is a condition in which there is an abnormal or 

excessive accumulation of fat in the body, which can be 
harmful to one’s health. However, relying solely on the 
body mass index (BMI) to determine obesity may not 
accurately reflect the diverse characteristics of the popu-
lation affected by this condition. BMI does not differenti-
ate between fat mass and lean body mass, which can lead 
to overestimating fat in muscular athletes while underes-
timating muscle loss in older individuals [22, 23].

New anthropometric indices are being constantly 
developed to accurately predict body adiposity. The most 
notable of these are the body adiposity index (BAI) and 
the body shape index (ABSI).

ABSI, a novel index calculated using waist circumfer-
ence, BMI, and height to predict visceral fat, was devel-
oped by Krakauer and Krakauer [24] with reported 
superiority in comparison to BMI and waist circumfer-
ence (WC) for predicting morbidity and mortality. While 
a study showed that ABSI was not a good index for iden-
tifying morbidity-related risk factors [25], some research-
ers have shown that ABSI is closely related to metabolic 
diseases [26, 27]. Using WC and height, Bergman and 
colleagues proposed another novel tool, the body adipos-
ity index (BAI), for evaluating adiposity [28]. With few 
reports that have confirmed the usefulness of BAI in the 
Asian population [29–31], several studies elsewhere have 
reported conflicting results [32–39].

Studies on the relationship between obesity and mental 
health status have been the subject of conflicting reports 
[8–11, 40–43]. Additionally, few studies have assessed 
this relationship using new anthropometric measures 
as indicators of obesity [44, 45], and to the best of our 
knowledge, there are no published reports on the asso-
ciation of obesity with mental health in any population 
comparing multiple novel anthropometric indices in a 
dose-response manner. Therefore, this study aimed to 
investigate the dose-response association between obe-
sity and mental disorders (anxiety, depression, and stress) 
in Iranian adults.

Methods
Study design and selection of participants
This cross-sectional study was conducted among appar-
ently healthy Iranian subjects between the ages of 20 and 
59 years using a convenience sampling technique. These 
subjects were all residents of Tehran. Furthermore, preg-
nant and lactating women, diabetics, cancer patients, 
patients with cardiovascular disease, rheumatoid arthri-
tis, chronic liver disease, and liver disease patients, as 
well as subjects with a history of stroke and heart attack, 
were not included in the study. Additionally, subjects suf-
fering from Alzheimer’s and Parkinson’s disease, as well 
as subjects on special diets, were not included.
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Sample size determination
To calculate sample size, we used a 40% prevalence 
of mental health disorders with a power of 95% and an 
error margin of 5% using an online sample size calcula-
tor: http://www.raosoft.com/samplesize.html. The 40% 
prevalence estimate used in the sample size calculations 
in this study was based on the results of a previous inves-
tigation of the prevalence of mental health disorders 
among Iranian adults [46]. Based on this method, we 
needed 363 subjects for this study.

Mental health
To measure the outcome, we used the Depression, Anxi-
ety, and Stress Scale (DASS-21) in its short form. This 
self-report scale is specifically designed to evaluate the 
core symptoms of common mental health disorders, such 
as depression, anxiety, and stress. It comprises 21 items, 
with seven items allocated to each domain. Participants 
assess their experience over the past week and rate each 
item on a four-point scale. Using the Likert scoring sys-
tem of 0-1-2-3, scores range from 0 to 63, with lower 
scores indicating better mental health status [47].

The factor structure and psychometric properties of 
the Persian version of the Depression Anxiety Stress 
Scale-21 (P-DASS-21) have been investigated and con-
firmed as a valid and reliable tool for evaluating depres-
sion, anxiety, and stress in non-clinical Iranian samples 
[47, 48]. The study [47] established the validity of the 
P-DASS-21 in three ways: confirmatory factor analysis, 
convergent validity, and discriminant validity. The confir-
matory factor analysis tested the adequacy of the three-
factor solution of the DASS-21 and yielded an acceptable 
descriptive fit based on predetermined cutoffs. The 
DASS-21 scales’ convergent validity was investigated by 
comparing them to other measures known to measure 
similar constructs and substantial positive correlations 
were discovered. The discriminant validity of the DASS-
21 Anxiety and Stress scales was examined by compar-
ing diagnostic categories, and the results supported the 
hypotheses that patients with mood disorders, General-
ized Anxiety Disorder (GAD), and Obsessive-Compul-
sive Disorder (OCD) would score significantly higher on 
the Anxiety and Stress scales than non-clinical individu-
als. Furthermore, the P-DASS-21 has been demonstrated 
to have adequate internal consistency, with Cronbach 
alpha values of 0.85, 0.85, and 0.94 for depression, anxi-
ety, and stress, and 0.94 for the total DASS-21 score [47]. 
The intra-class correlation coefficients ranged from 0.77 
to 0.89 [47] indicating strong test-retest reliability. There-
fore, the DASS-21 has been validated and found to be a 
reliable tool for evaluating depression, anxiety, and stress 
in Iranian populations.

Anthropometrics
Body weight was measured with light clothes without 
shoes using a digital scale (Seca 808, Germany) to the 
nearest 0.1 kg. Height was measured using a stadiometer 
(Seca, Germany) to the nearest 0.1 cm. Waist circumfer-
ence, hip circumference, and neck circumference (all in 
centimeters) were assessed using non-stretchable tape 
measures to the nearest 0.1 cm. We then computed BMI 
by dividing weight (kg) by height (m) squared [49]. WHR 
was calculated by dividing waist circumference (cm) by 
hip circumference (cm). WHtR, on the other hand, was 
calculated by dividing waist circumference (cm) by the 
individual’s height (cm). BAI and ABSI were calculated 
by using height, waist and hip circumference, and BMI as 
below [28, 29, 50]:

 
AI=

Hip

height
√
height

−18
 

body shape index (ABSI) =
WC

BMI2/3∗height1/2

Covariates
To evaluate the factors that could affect the outcome, we 
collected socio-demographic data such as age, gender, 
education, marital status, smoking habits (individuals 
who have never smoked or have stopped smoking were 
classified as never/ former smokers, whereas those who 
currently smoke were classified as smokers), medical his-
tory, use of drugs or supplements, and menopause status. 
Additionally, we utilized the International Physical Activ-
ity Questionnaire (IPAQ) to measure the physical activ-
ity level of the subjects. We categorized the participants 
into three groups based on their activity level: those who 
did not engage in any physical activity, those who were 
moderately active (1–3 h per week), and those who were 
active (more than 3 h per week). The International Physi-
cal Activity Questionnaire (IPAQ) has been translated 
and validated in the Iranian population, with studies 
reporting good reliability and validity of the question-
naire [51] among healthy Iranian adults. The result of the 
study indicated that all domains of the questionnaire met 
the minimum reliability standards (intra-class correlation 
[ICC] > 0.7), except for Leisure-time physical activity [51].

Statistical analysis
The STATA Statistical Software (StataMP 15. Stata Corp., 
College Station, TX: StataCorp LP) was used to per-
form all statistical analyses. The Q-Q plot and the Kol-
mogorov-Smirnov test were used to determine the data’s 
normality. The comparison between mental health’s 
status was done by independent t-test and χ2 tests for 
continuous and categorical variables, respectively. To 
investigate the independent relationship between obesity 
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and mental health and to account for potential confound-
ing variables, a multivariate logistic regression model was 
used. The univariate model was unadjusted. We adjusted 
for potential covariates including age, sex, educational 
level, and marital status in model 1. Model 2 was fur-
ther adjusted for smoking status, occupation, living sta-
tus, diabetes, and physical activity level. To analyze the 
trend of ORs for BMI, WHR, WHtR, BAI, and ABSI, each 
of the variables was analyzed as tertiles in the logistic 
regression analysis.

We applied restricted cubic splines (RCS) with three 
knots to determine non-linear relationships in regression 
models between mental health and BMI, WHR, WHtR, 
BAI, or ABSI. The RCS models were adjusted for age, sex, 
education level, marital status, smoking, occupation, liv-
ing status, diabetes, and physical activity. To account for 
multiple tests, we applied the Benjamini-Hochberg pro-
cedure [52] and set a 2-sided 5% alpha error threshold.

Ethics statement
Those who met the criteria and agreed to participate in 
the study were included and signed informed consent. 
The study protocol was approved by the Research Eth-
ics Committee of Tehran University of Medical Sciences 
(Ethics No: IR.TUMS.MEDICINE.REC.1401.325).

Results
The general characteristics of the study participants, 
divided into their mental health status, are listed in 
Table 1. Overall, we included a total of 434 subjects in our 
study, of whom 237 (54.6%), 234 (53.9%), and 246 (56.6%) 
were classified as having anxiety, depression, and stress 
respectively. 52% of our study participants were female. 
The mean age of our subjects was 38.57 years with a 
standard deviation of 9.67 years. We observed statisti-
cally significant differences between subjects with and 
without anxiety based on their gender (P = 0.02), level of 

Table 1 General characteristics of study participants across mental health status
Anxiety Depression Stress
Yes (237) P-value Yes (234) P-value Yes (246) P-value

Age (years) 38.77 ± 9.60a 0.63 b 39.04 ± 9.63a 0.27 b 39.67 ± 9.55a 0.006 b

Gender (%)
Male
Female

60.1
49.6

0.02 c 58.7
49.6

0.05 c 63.5
50.4

0.006 c

Marital status (%)
Married with partner
Never married
Widowed/divorced/separated

55.5
53.4
47.8

0.74 c 57.3
49.6
34.8

0.06 c 60.9
49.6
43.5

0.04 c

Education level (%)
Less than 11th grade
High school graduate
College graduate or above

11.1
35.3
56.3

0.007 c 22.2
47.1
54.8

0.12 c 11.1
58.8
57.5

0.02 c

Employment (%)
Employed
Unemployed

59.2
39.4

0.001 c 56.4
45.5

0.05 c 60.7
44.4

0.004 c

Smoking (%)
Yes
No

55.0
48.3

0.48 c 55.3
34.5

0.03 c 58.4
37.9

0.03 c

Physically active (%)
Low
Moderate
High

51.1
59.9
56.2

0.27 c 52.7
56.5
53.9

0.79 c 53.3
59.9
57.3

0.47 c

Weight (kg) 76.78 ± 14.04a 0.30 b 76.30 ± 13.93a 0.76 b 77.06 ± 14.04a 0.12 b

Height (cm) 168.11 ± 9.10a 0.07 b 167.89 ± 9.05a 0.22 b 168.00 ± 9.00a 0.11 b

Waist circumference (cm) 92.51 ± 12.12a 0.95 b 92.55 ± 12.94a 0.99 b 92.80 ± 12.19a 0.65 b

Hip circumference (cm) 105.05 ± 7.51a 0.77 b 104.79 ± 8.07a 0.34 b 104.85 ± 7.71a 0.39 b

WHR 0.88 ± 0.08a 0.51 b 0.88 ± 0.09a 0.41 b 0.88 ± 0.08a 0.16 b

WHtR 0.55 ± 0.07a 0.87 b 0.55 ± 0.08a 0.76 b 0.55 ± 0.07a 0.98 b

BMI (kg/m²) 27.16 ± 4.47a 0.82 b 27.07 ± 4.55a 0.85 b 27.27 ± 4.37a 0.41 b

ABSI (m11/6kg−2/3) 0.08 ± 0.005a 0.38 b 0.08 ± 0.005a 0.87 b 0.08 ± 0.005a 0.30 b

BAI (%) 30.47 ± 5.46a 0.16 b 30.48 ± 5.77a 0.19 b 30.46 ± 5.46a 0.13 b
ameans ± standard deviation (SD)
bObtained from T-test for continuous variables
cObtained from chi-square test for categorical variables

BMI, Body Mass Index; ABSI, A Body Shape Index; BAI, Body Adiposity Index
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education (P = 0.007), and employment status (P = 0.001). 
Subjects grouped under stress were significantly differ-
ent in terms of age and gender (P = 0.006), marital sta-
tus (P = 0.04), level of education (P = 0.02), employment 
(P = 0.004), and smoking status (P = 0.03). The mean of the 
anthropometric characteristics was not statistically sig-
nificantly different between any of the groups.

Table 2 shows the results of a logistic regression analy-
sis investigating the relationship between mental health 
status (anxiety, depression, and stress) and BMI, WHR, 
WHtR, BAI, and ABSI classified by tertiles. There were 
no significant differences in the odds of anxiety, depres-
sion, or stress across the tertiles of obesity indicators. 
These non-significant effects remained even after adjust-
ing for potential covariates including age, sex, education 
level, marital status, smoking, occupation, living status, 
diabetes, and physical activity. The adjusted p-values 
(using the Benjamini-Hochberg procedure) in the final 
model confirmed the non-significant results.

Figs. 1, 2, 3, 4 and 5 show the RCS models after adjust-
ing for age, sex, education level, marital status, smoking, 
occupation, living status, diabetes, and physical activ-
ity. This study failed to observe any significant dose-
response association between mental health status and 
BMI, WHR, or WHtR, which are depicted in Figs.  1 
and 2, and 3, respectively. Fig.  4 shows a linear dose-
response association between BAI and mental health. We 
observed a positive dose-response relationship between 
BAI and the risk of depression (Pdose−response = 0.018), 
anxiety (Pdose−response = 0.023), and stress (Pdose−response 
= 0.003). The results for the observed associations were 
further confirmed by the Benjamini-Hochberg proce-
dure to handle multiple testing adjustments for anxiety 
(PBenjamini−Hochberg 0.028 > Pdose−response 0.023) and stress 
(PBenjamini−Hochberg 0.028 > Pdose−response 0.003) but not 
depression (PBenjamini−Hochberg 0.014 < Pdose−response 0.018).

Fig.  5 also shows a non-linear does-response associa-
tion between ABSI and mental health. Our study revealed 
a U-shaped, non-linear inverse dose-response associa-
tion between ABSI and the risk of anxiety (Pdose−response < 
0.001) and stress (Pdose−response = 0.003). We found that an 
ABSI value of around 0.079 indicated the lowest risk for 
stress, but the risk of stress seemed to increase beyond 
an ABSI of 0.086. We confirmed these findings using 
the Benjamini-Hochberg procedure for both anxiety 
(Pdose−response; < 0.001 < PBenjamini−Hochberg 0.014) and stress 
(Pdose−response; 0.003 < PBenjamini−Hochberg 0.028).

Discussion
We observed no evidence of a direct linear association 
between obesity indices (BMI, WHR, WHtR, BAI, and 
ABSI) and the risk of mental health disorders among our 
study subjects. However, we found a dose-response asso-
ciation between anxiety and stress with ABSI and BAI.

There is disagreement over the link between obesity 
and mental health disorders as some studies show signifi-
cant effects [53–57] while others do not [56, 58, 59].

Our study’s findings are consistent with earlier studies 
by Zedler et al. [56] and Grundy et al. [59]. These stud-
ies did not find a correlation between mental health dis-
orders and obesity when using various measures such as 
WHtR and BMI. Additionally, Bruffaerts et al. found no 
significant association between mental disorders, includ-
ing anxiety, and BMI [58]. In contrast to our results, a 
recent study from the Netherlands Mental Health Survey 
and Incidence Study-2 found obesity, based on BMI, to be 
a significant risk factor for the onset of anxiety disorders 
during a three-year follow-up period [53]. Other stud-
ies have also observed a significant association between 
WHR and WHtR and depression and anxiety, particu-
larly among women [56, 57].

Meanwhile, other studies have also suggested a dose-
response association between obesity and mental dis-
orders. Ma et al. [60]. , found a significant U-shape 
correlation between BMI, WHtR, and depression, spe-
cifically, people with slightly overweight had the lowest 
risk of depression. Another meta-analysis of longitudinal 
studies found that obesity at baseline increased the risk 
of depression at follow-up, with a pooled odds ratio (OR) 
of 1.55 [61]. This association was stronger than the asso-
ciation between depression and overweight, suggesting a 
dose-response gradient [61]. Furthermore, a meta-analy-
sis of 51 studies found that obesity was associated with 
an increased risk of anxiety, with the effect being stronger 
among women and in clinical samples [62].

Although the anthropometric indices did not show any 
linear association with the mental health status, similar to 
the above studies, we found a non-linear dose-response 
association between anxiety and stress and ABSI and 
BAI. According to previous reports, ABSI and BAI, as 
indicators of obesity and are more accurate predictors of 
different types of obesity than traditional indices [24, 28]. 
They haven’t, however, been widely applied in studies on 
mental health.

As far as we know, no previous research has explored 
the association between BAI and mental health dis-
orders. Our study revealed a significant correlation 
between higher BAI scores and increased levels of anxi-
ety, depression, and stress. The Benjamini-Hochberg 
procedure provided additional evidence supporting the 
dose-response relationship between BAI and anxiety and 
stress, but not depression.

To date, there have been limited investigations into the 
correlation between ABSI and mental well-being, and 
the results have been inconsistent [44, 45]. In research 
conducted by Lofti et al. [44], they observed that anxiety 
was linked to ABSI in women but not men. Previously, 
Hadi and colleagues [45] conducted a study that did not 
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Variable Univariate Model 1 Model 2
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value PB−H

Anxiety
BMI tertiles
Lowest
Middle
Highest
P for trend

1.15 (0.72–1.85)
1.14 (0.71–1.83)
1.00
0.81

0.56
0.59

1.05 (0.63–1.75)
1.22 (0.74-2.00)
1.00
0.73

0.85
0.43

1.02 (0.58–1.80)
1.31 (0.77–2.23)
1.00
0.56

0.94
0.32

0.12
0.07

WHR tertiles
Lowest
Middle
Highest
P for trend

1.10 (0.68–1.78)
1.11 (0.69–1.79)
1.00
0.88

0.69
0.65

0.55 (0.29–1.06)
0.81 (0.47–1.37)
1.00
0.18

0.07†

0.42
0.51 (0.25–1.05)
0.65 (0.35–1.18)
1.00
0.18

0.06†

0.15
0.01
0.05

WHtR tertiles
Lowest
Middle
Highest
P for trend

0.89 (0.55–1.44)
0.84 (0.52–1.35)
1.00
0.76

0.64
0.46

0.78 (0.46–1.33)
0.92 (0.56–1.51)
1.00
0.64

0.35
0.73

0.87 (0.49–1.56)
0.98 (0.56–1.70)
1.00
0.89

0.64
0.93

0.10
0.11

ABSI tertiles
Lowest
Middle
Highest
P for trend

0.85 (0.53–1.37)
0.83 (0.51–1.35)
1.00
0.71

0.49
0.45

0.62 (0.36–1.08)
0.74 (0.44-1 23)
1.00
0.23

0.09
0.23

0.63 (0.35–1.14)
0.61 (0.35–1.07)
1.00
0.20

0.12
0.08

0.04
0.02

BAI tertiles
Lowest
Middle
Highest
P for trend

0.76 (0.47–1.22)
0.82 (0.51–1.33)
1.00
0.50

0.25
0.42

1.21 (0.64–2.27)
1.01 (0.59–1.73)
1.00
0.79

0.55
0.96

1.19 (0.59–2.38)
1.00 (0.56–1.79)
1.00
0.84

0.62
0.99

0.08
0.14

Depression
BMI tertiles
Lowest
Middle
Highest
P for trend

1.03 (0.64–1.65)
1.01 (0.63–1.62)
1.00
0.99

0.91
0.95

0.84 (0.50–1.40)
1.05 (0.64–1.71)
1.00
0.68

0.50
0.85

0.80 (0.46–1.39)
1.10 (0.65–1.86)
1.00
0.52

0.42
0.72

0.08
0.12

WHR tertiles
Lowest
Middle
Highest
P for trend

1.21 (0.75–1.95)
1.324(0.82–2.13)
1.00
0.50

0.44
0.24

0.74 (0.39–1.40)
1.09 (0.65–1.84)
1.00
0.36

0.35
0.75

0.73 (0.36–1.47)
0.95 (0.53–1.69)
1.00
0.61

0.38
0.86

0.07
0.14

WHtR tertiles
Lowest
Middle
Highest
P for trend

0.79 (0.49–1.28)
1.03 (0.64–1.65)
1.00
0.51

0.34
0.90

0.59 (0.32-1.00)
1.08 (0.66–1.78)
1.00
0.05

0.05†

0.75
0.67 (0.38–1.20)
1.19 (0.69–2.05)
1.00
0.13

0.17
0.53

0.01
0.04

ABSI tertiles
Lowest
Middle
Highest
P for trend

0.98 (0.61–1.59)
1.47 (0.91–2.38)
1.00
0.17

0.94
0.11

0.80 (0.47–1.37)
1.37 (0.83–2.26)
1.00
0.11

0.41
0.22

0.85 (0.47–1.52)
1.34 (0.78–2.33)
1.00
0.24

0.58
0.29

0.11
0.04

BAI tertiles
Lowest
Middle
Highest
P for trend

0.67 (0.42–1.09)
0.87 (0.54–1.41)
1.00
0.25

0.10
0.58

0.67 (0.36–1.25)
0.82 (0.49–1.40)
1.00
0.46

0.20
0.47

0.62 (0.31–1.24)
0.83 (0.47–1.48)
1.00
0.40

0.17
0.53

0.01
0.10

Stress
BMI tertiles
Lowest
Middle
Highest
P for trend

1.60 (0.99–2.58)
1.25 (0.77–2.02)
1.00
0.16

0.05†

0.36
1.32 (0.79–2.22)
1.35 (0.82–2.23)
1.00
0.44

0.28
0.24

1.30 (0.74–2.30)
1.41 (0.82–2.44)
1.00
0.45

0.36
0.21

0.10
0.05

Table 2 Logistic regression analyses of the relationship between BMI, WHR, WHtR, BAI, ABSI and anxiety (classified by tertiles)
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Fig. 2 The dose-response association of WHR with mental health. The red dash lines indicates the knots, the black dash lines represents the lower and 
upper confidence intervals, the solid black line shows the estimate

 

Fig. 1 The dose-response association of BMI with mental health status. The red dash lines indicates the knots, the black dash lines represents the lower 
and upper confidence intervals, the solid black line shows the estimate

 

Variable Univariate Model 1 Model 2
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value PB−H

WHR tertiles
Lowest
Middle
Highest
P for trend

1.49 (0.92–2.42)
1.03 (0.63–1.66)
1.00
0.19

0.10
0.91

0.78 (0.41–1.49)
0.73 (0.43–1.26)
1.00
0.52

0.44
0.25

0.71 (0.35–1.46)
0.62 (0.34–1.14)
1.00
0.31

0.35
0.12

0.08
0.02

WHtR tertiles
Lowest
Middle
Highest
P for trend

1.10 (0.68–1.78)
1.00 (0.62–1.62)
1.00
0.90

0.70
1.00

0.85 (0.50–1.45)
1.06 (0.64–1.76)
1.00
0.70

0.55
0.82

0.97 (0.54–1.74)
1.19 (0.68–2.90)
1.00
0.75

0.92
0.54

0.14
0.11

ABSI tertiles
Lowest
Middle
Highest
P for trend

0.90 (0.55–1.45)
0.94 (0.58–1.52)
1.00
0.90

0.66
0.79

0.63 (0.37–1.10)
0.79 (0.47–1.31)
1.00
0.26

0.10
0.35

0.62 (0.34–1.12)
0.69 (0.39–1.21)
1.00
0.25

0.11
0.19

0.01
0.04

BAI tertiles
Lowest
Middle
Highest
P for trend

0.91 (0.56–1.47)
0.87 (0.54–1.41)
1.00
0.84

0.68
0.57

1.43 (0.75–2.72)
1.02 (0.60–1.76)
1.00
0.44

0.27
0.93

1.46 (0.72–2.97)
1.05 (0.59–1.89)
1.00
0.53

0.29
0.86

0.07
0.12

Notes Model 1: Adjust for age, sex, education level and marital status. Model 2: Adjust for age, sex, education level and marital status, smoking, occupation, living 
status, diabetes, and physical activity

BMI, Body Mass Index; WHR, Waist-to-Hip Ratio; WHtR, Waist-to-Height Ration; ABSI, A Body Shape Index; BAI, Body Adiposity Index
†Marginally significant

PB−H: P-value adjusted using the Benjamini-Hochberg procedure

p for trend; p-value from Test for Trend

Table 2 (continued) 



Page 8 of 11Jibril et al. BMC Public Health         (2024) 24:1444 

find any significant association between ABSI and anxi-
ety. The reason for the disparity in findings among these 
studies could be due to differences in the study popula-
tion, including sample size and participants. Hadi et 
al.‘s study [45] which had only 307 participants, focused 
solely on overweight and obese individuals, with a vast 
majority (approximately 81%) being female, possibly 
explaining the lack of correlation. In contrast, our study, 
similar to Lotfi et al.‘s [44] included participants with 
varying weight statuses and a larger sample size. Further-
more, we gathered and analyzed data on several potential 
confounding variables, such as education level, smoking 
habits, employment status, living situation, diabetes sta-
tus, and physical activity level, in addition to age and gen-
der, which Hadi et al. only considered.

Some potential biological and psychological factors 
might explain the observed relationship between the 
BAI and ABSI and anxiety and stress in our study. BAI 
and ABSI have a strong correlation with visceral fat 
[24]. Through a larger production of inflammatory cyto-
kines, including C-reactive protein and interleukin 6, 
visceral adipose tissue may play a significant role in the 
link between BAI and ABSI and anxiety and stress [63, 
64]. These inflammatory cytokines can increase oxidative 
damage and systemic inflammation [65]. The pathophysi-
ology of anxiety has been linked to an increase in oxida-
tive stress markers in the brain, such as glutathione and 
malondialdehyde, in overweight and obese individuals 
[66]. Chronic stress can also result in dysregulation of 
the hypothalamic-pituitary-adrenal axis, which results in 
higher cortisol levels and is linked to obesity and anxiety 

Fig. 5 The dose-response association of ABSI with mental health. The red dash lines indicates the knots, the black dash lines represents the lower and 
upper confidence intervals, the solid black line shows the estimate

 

Fig. 4 The dose-response association of BAI with mental health. The red dash lines indicates the knots, the black dash lines represents the lower and 
upper confidence intervals, the solid black line shows the estimate

 

Fig. 3 The dose-response association of WHtR with mental health. The red dash lines indicates the knots, the black dash lines represents the lower and 
upper confidence intervals, the solid black line shows the estimate
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[67, 68]. Another potential contributing factor is dys-
regulation of the hypothalamic-pituitary-adrenal sys-
tem, which would cause the corticotropin hormone to 
produce an excessive increase in cortisol and result in a 
persistent hypercortisolism state that causes abdominal 
obesity and anxiety symptoms [69]. Additionally, it has 
been suggested that stigmatization, weight discrimina-
tion, and a lack of social support may negatively impact 
obese people, causing psychological stress and the subse-
quent development of anxiety [70–72].

Limitations
Our investigation has some limitations that need to be 
acknowledged. Firstly, as it is a cross-sectional study, we 
cannot establish a cause-and-effect relationship. Addi-
tionally, it is plausible that anxiety and stress symptoms 
may have emerged after the onset of obesity. Hence, it 
is advisable to exercise caution while extrapolating the 
results to a broader population. Lastly, there is a possibil-
ity that there are some unidentified factors that may have 
influenced the observed link.

Although our study has some limitations, it also has 
several advantages. It is the first to investigate the corre-
lation between mental illness and obesity by comparing 
various traditional and novel anthropometric indices. We 
assessed mental health using validated questionnaires 
and had trained personnel evaluate the anthropometric 
traits. Additionally, we considered several potential con-
founding factors in our analysis and used the Benjamini-
Hochberg method to adjust for multiple tests.

Conclusion
Anxiety and stress showed a non-linear dose-response 
correlation with BAI and ABSI in the adult population of 
Iran, while no correlation was found with BMI, WHR, or 
WHtR. Therefore, we propose that further investigation 
should be conducted on BAI and ABSI in a larger sample 
size to confirm the causal relationship, determine their 
usefulness, and integrate them into the standard clinical 
assessment of anxiety.
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