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Abstract 
Background: The association between obesity and depression has 
been frequently reported. However, it still remains unclear which 
anthropometric indicators for obesity could be the best measure to 
explain its linkage with depressive symptoms. 
Methods: This is a cross-sectional analytical study. Secondary data 
was analyzed using information from the Demographic and Health 
Survey of Peru (ENDES in Spanish). Data from the years 2018 to 2021 
were reviewed. The outcome of interest was the presence of 
depressive symptoms, assessed with the Patient Health 
Questionnaire-9 (PHQ-9). The exposure variable was the presence of 
obesity, which was evaluated by body mass index (BMI) and 
abdominal circumference. Crude and adjusted odds ratios (cOR and 
aOR) were calculated using logistic regression. Both prevalence and 
association measures were presented with 95% confidence intervals 
(95% CI). 
Results: A total of 141,134 subjects were included in the study. 
Depression was present in 2.51% (95% CI 2.38–2.65). Obesity 
according to BMI was present in 25.42% (95% CI 24.97–25.88), while 
abdominal obesity was shown in 41.67% (95% CI 41.19–42.15). In the 
multivariate analysis, a statistically significant association was found in 
regard to symptoms of depression in patients with abdominal obesity 
(aOR: 1.13; 95% CI 1.03–1.24), while no association was found with 
obesity according to BMI. 
Conclusions: Abdominal circumference could be a better 
anthropometric measure than BMI to evaluate the association 
between obesity and depressive symptoms in the Peruvian 
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Introduction
Depressive disorder is one of the main causes of disease burden worldwide.1 Depression is estimated to affect around
350 million people globally.2 Furthermore, this is projected to be the largest contributor to the disease burden by 2030,
according to the World Health Organization (WHO).3

In addition to this, the relationship between obesity and depression has been frequently studied in the scientific literature,
although how this relationship works is still not fully understood. Some previous studies suggest this mental issue is more
common among people with obesity, particularly women, but in contrast, there is some evidence linking obesity with
lower levels of depressive symptoms.4,5

Many studies looking for the correlation between both characteristics have used the body mass index (BMI) as a
prognostic index of fat accumulation; however, it is known that it has some limitations for indicating how it is distributed
throughout the body.6 Therefore, some researchers consider other indicators of obesity, particularly abdominal circum-
ference (AC), to be better indicators of many diseases, including depression.7

Even though the relationship between central obesity and depressive symptoms has been reported,7 the evidence among
adults is still scarce. For this reason, examining this anthropometric marker and its role in predicting or indicating
depressive symptoms, compared to BMI, could help to clarify the associationmechanism between obesity and symptoms
of depression in adults.

Consequently, we aimed to explore which obesity anthropometric indicator is more useful for the association between
obesity and depression in the Peruvian population.

Methods
Study design
We undertook a cross-sectional analytical study. Secondary data were taken from the Demographic and Health
Survey of Peru (ENDES, in Spanish), anually executed by Instituto Nacional de Estadística e Informática-Peru
(freely available in: https://iinei.inei.gob.pe/microdatos/) covering the years 2018 to 2021, and analyzed. The STROBE
guidelines (Strengthening the Reporting of Observational Studies in Epidemiology) were followed for the present study.8

Population and sample
The ENDES is a nationally representative survey with a two-stage sampling design (Instituto Nacional de Estadística e
Informática, 2015). The sample was characterized by being probabilistic of a balanced, stratified, and independent type,
at the departmental level and in urban and rural areas. For our research, only the data of the respondents of both sexes and
that had the main variables of interest were analyzed.

Variable definition
The outcome of interest was the presence of depressive symptoms, which was assessed with the Patient Health
Questionnaire-9 (PHQ-9) in the Peruvian survey. The questionnaire consists of nine items formulated to assess and
monitor the severity of depression for patients in primary care and other environments. It was designed to be self-
administered, and collects information on depressive symptoms over the course of the previous 2 weeks. Each item has a
score ranging from 0 to 3, with a total maximum of 27 points.9,10 Individuals with a score of 15 or more are considered to
have depression.10 The PHQ-9 was previously validated in the Peruvian population11 and its psychometric properties
have been recognized as adequate for different population groups.12

The exposure variable was the presence of obesity, which was assessed by BMI and AC. Anthropometric measurements
(weight, height) of all participants were evaluated by trained personnel following standardized techniques based on the
WHO and the Instituto Nacional de Salud from Peru.13 Obesity according to BMI was defined with a cut-off point of
BMI ≥ 30 kg/m2, while abdominal obesity was defined if there was AC ≥ 104 cm in men and ≥ 88 cm in women,
measurements recommended by the Adult Treatment Panel III (CA-ATP-III).

The factors evaluated were gender (man vs. woman); categorized age (15-34, 35-60, 61-69, and ≥70 years); educational
level (primary, secondary and higher); the wealth index (poor, medium, rich and richest), the natural region (Metropolitan
Lima, rest of the coast, Andean and jungle), daily tobacco use (yes vs no), physical disability (yes vs no), the self-reported
alcohol consumption in the previous 12 months (yes vs no), history of hypertension (yes vs no) and Diabetes Mellitus
type 2 (DM2) (yes vs no).
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Statistical analysis
We used STATA 17 software for analysis and the prevalence of depressive and obesity symptoms was estimated.
Bivariate analysis through a Chi-square test was used to analyze each possible factor associated with depression. Finally,
the crude and adjusted odds ratio (cOR and aOR respectively) were calculated using logistic regression. Eachmarker was
independently adjusted for sex, categorized age, natural region, educational level, wealth index, daily smoking, alcohol
consumption, physical disability, history of hypertension, and history of DM2.

All analyses were performed considering complex samples. It was considered statistically significant if the p value was
<0.05. Both prevalence and association measures were presented with 95% confidence intervals.

Ethical considerations
This study was developed with an analysis of survey data sets that are openly published and available online (at http://
iinei.inei.gob.pe/microdatos/). In the ENDES survey, run by trained interviewers, informed consent was obtained from all
participants. Additionally, in order to ensure data privacy, the responses were anonymized through coding.

Results
A total of 141,134 subjects were included in the study. The female sex represented 48.40%; 8.07%were 70 years of age or
older. The prevalence of hypertension and DM2 was 9.85% and 4.18%, respectively. See Table 1.

Table 1. Descriptive characteristics of the general population in the ENDES survey (2018-2021).

Characteristics n (% weighted)

Gender

Woman 68 303 (48.40)

Man 72 831 (51.60)

Categorized age

15 to 35 years old 60 022 (42.53)

35 to 60 years old 56 893 (40.31)

60 to 69 years old 12 832 (9.09)

70 years old or more 11 387 (8.07)

Region

Metropolitan Lima 52 459 (37.17)

Rest of coast 36 286 (25.71)

Andean 34 898 (24.73)

Jungle 17 488 (12.39)

Education level

No level 252 (0.20)

Primary 24 715 (19.95)

Secondary 57 582 (46.49)

Higher 41 317 (33.36)

Wealth index

The poorest 26 266 (18.61)

Poor 29 176 (20.67)

Medium 29 463 (20.88)

Rich 28 435 (40.15)

Richer 27 793 (19.69)

Smoke daily

No 139 116 (98.57)

Yes 2 018 (1.43)
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Depression was present in 3,544 individuals (2.51%; 95% CI 2.38–2.65). Obesity according to BMI occurred in
29,923 subjects (25.42%; 95% CI 24.97–25.88), while abdominal obesity was seen in 52,839 people (41.67%;
95% CI 41.19–42.15). See Table 2.

Table 1. Continued

Characteristics n (% weighted)

Alcohol consumption in last 12 months

No 125 502 (88.96)

Yes 15 573 (11.04)

Physical disability

No 137 586 (97.49)

Yes 3 548 (2.51)

History of hypertension

No 127 142 (90.15)

Yes 13 890 (9.85)

History of DM2

No 135 155 (95.82)

Yes 5 899 (4.18)

Table 2. Bivariate characteristics of the factors associated with symptoms of depression in patients with
obesity.

Characteristics Depressive symptoms

No Yes p*

n (%) n (%)

Gender

Woman 67 300 (98.53) 1 003 (1.47) <0.001

Man 70 290 (96.51) 2 541 (3.49)

Categorized age

15 to 35 years old 59 047 (98.38) 975 (1.62) <0.001

35 to 60 years old 55 484 (97.52) 1 409 (2.48)

60 to 69 years old 12 356 (96.29) 477 (3.71)

70 years old or more 10 704 (94.00) 683 (6.00)

Region

Metropolitan Lima 51 386 (97.95) 1 073 (2.05) <0.001

Rest of coast 35 465 (97.73) 824 (2.27)

Andean 33 594 (96.26) 1 304 (3.74)

Jungle 17 146 (98.05) 342 (1.95)

Education level

No level 231 (91.82) 21 (8.18) <0.001

Primary 23 711 (95.94) 1 004 (4.06)

Secondary 56 363 (97.88) 1 219 (2.12)

Higher 40 663 (98.42) 655 (1.58)

Wealth index

The poorest 25 365 (96.57) 901 (3.43) <0.001

Poor 28 410 (97.38) 765 (2.62)

Medium 28 685 (97.36) 778 (2.64)

Rich 27 828 (97.87) 607 (2.13)

Richer 27 302 (98.23) 492 (1.77)
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The analysis in Table 2, shows a statistically significant association between depressive symptoms and most of the
sociodemographic, health-related and habits variables, except in the case of daily smoking (p=0.812).

In the multivariable analysis, a statistically significant association was found to connect signs of depression in patients
with abdominal obesity (aOR: 1.13; 95% CI 1.03–1.24), while no association was found with obesity according to BMI.
See Table 3.

Table 2. Continued

Characteristics Depressive symptoms

No Yes p*

n (%) n (%)

Smoke daily

No 135 626 (97.49) 3 490 (2.51) 0.812

Yes 1 964 (97.35) 54 (2.65)

Alcohol consumption in last 12 months

No 122 266 (97.42) 3 236 (2.58) 0.003

Yes 15 266 (98.03) 307 (1.97)

Physical disability

No 134 370 (97.66) 3 216 (2.34) <0.001

Yes 3 220 (90.76) 328 (9.24)

History of hypertension

No 124 347 (97.80) 2 796 (2.20) <0.001

Yes 13 155 (94.71) 735 (5.29)

History of DM2

No 131 957 (97.63) 3 198 (2.37) <0.001

Yes 5 564 (94.32) 335 (5.68)

Obesity according to BMI

No 85 635 (97.54) 2 158 (2.46) 0.024

Yes 29 070 (97.15) 853 (2.85)

Obesity according to AC-ATP III

No 72 484 (98.01) 1 475 (1.99) <0.001

Yes 51 132 (96.77) 1 707 (3.23)

*Analysis performed with the chi square of independence.

Table 3. Simple and adjusted multivariable regression analysis of the factors associated with symptoms of
depression in patients with obesity.

Characteristic Crude analysis Adjusted analysis*

cOR 95% CI P aOR 95% CI P

Obesity according to BMI

No Ref. Ref.

Yes 1.16 1.03–1.26 <0.001 1.05 0.96–1.15 0.249

Abdominal obesity

No Ref. Ref.

Yes 1.64 1.53–1.76 <0.001 1.13 1.03–1.24 0.006

OR: Odds ratio. 95% CI: Confidence interval at 95%.
*Each marker has been adjusted independently by sex, categorized age, natural region, educational level, wealth index, daily smoking,
alcohol consumption in the last 12 months, physical disability, history of hypertension, and history of DM2.
**Significant p-value <0.05.
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Discussion
Comparison with other studies
In the present study, no significant correlation was found between obesity measured by BMI and depressive symptoms.
BMI is a regular and easy tool for the assessment of excess adiposity, but it has restrictions, that include the inability to
distinguish between adipose tissue distribution and lean body mass14 and also, there are significant differences in the
performance of BMI between ethnic groups.15,16 These limitationsmay be greater inmen due to their greater musclemass
compared to women. This may explain the fact that several studies have reported that BMI is an important predictor of
depressive symptoms in women but no in men,17,18 although when the studies are carried out prospectively, the BMI is
related to depression.19 According to our findings, Guedes et al.20 suggested that particularly, the body fat percentage and
not BMI was related to a greater severity of depressive symptoms.

However, other studies that only included BMI as an anthropometric variable reported an association between BMI
and depressive symptoms, such as the study by De Godín et al.,21 which documented that a high BMI is considered a
risk factor for manifestation of depressive symptoms among older adult subjects in France, compared to normal BMI.
Furthermore, Sachs-Ericsson et al.22 reported that BMI was a predictor of depression in old age, and that its effect was
stronger inAfrican-Americans than in thewhite population, regardless of sex. However, differences have also been found
in relation to sex, since Anderson et al.23 carried out a prospective longitudinal study to evaluate the association between
depression andweight variation in a study carried out from the early years to adulthood, and found out that depressionwas
associated with elevated BMI in women but not in men. Similarly, the systematic review by Luppino et al.19 showed that
obesity defined by BMIwas related to amajor risk of depression in American subjects compared to Europeans, and being
overweight was associated with a higher risk of depression in adult populations but not in young ones. Another aspect to
consider is that the association between BMI and depression varies depending on the different subtypes of depression,
as reported in a recent meta-analysis.5 The differences found between the different studies can be explained by the
methodological variation, including population, follow-up, cut-off point in diagnostic tools, and criteria for obesity and
depression.

The evidence seems to indicate that some anthropometric markers have a better explanatory value in regard the
association between obesity and depression. An example of this is the study by Zhao et al., which found that abdominal
obesity among obese and overweight people was strongly associated with an increase in depressive symptoms.24

Likewise, other works such as that of Hadi et al.,25 in which different anthropometric indicators of obesity were studied,
concluded that those related to abdominal adiposity have a better association with depression, compared to BMI. On the
other hand, Lee et al. reported that depressed mood in overweight premenopausal women is associated with visceral fat,
but not subcutaneous fat.26 The follow-up study by Herva et al.27 argued that in both men and women, abdominal obesity
may be closely associated with depression.

A Swiss cohort study by Lasserre et al.28 reported that depressive disorder was an important risk factor for obesity as AC
increased in both sexes. Ma and Xiao29 reported that higher waist circumference was associated with depression,
regardless of BMI. While Williams et al.30 found out that women with antecedents of depressive issues tended to have
higher BMI, weight, waist circumference, and body fat than those without antecedents of mental issues.

Interpretation of results
Abdominal adipose tissue induces the activation of the immune system, the release of regulatory molecules and
citokines that, in turn, unchain inflammatory signaling pathways.31,32 Symptoms of depression can be aggravated by
systemic inflammation, so it is relevant to focus on central adiposity when discussing the association between obesity and
depression.33 In addition, some mechanisms have been suggested for the linkage between obesity and depression, which
includes the hypothalamic-pituitary-adrenocortical axis dysregulation resulting from reduced glucocorticoid receptors
and excessive cortisol secretion.34

Study limitations
Among the limitations of this study, it is important to mention two. First, due to the cross-sectional nature of this work,
we were unable to determine the direction of causality between anthropometric measures and depressive symptoms.
Secondly, it is not possible to talk about the diagnosis of depression itself, since what was assessed was the presence of
depressive symptoms. Likewise, subtypes of depression could not be established.

Despite the limitations, this study has the strength of having benefited from a nationally representative sample, as well as
from the methodology used to obtain it. Finally, we emphasize that the present study gives us a first impression about the
importance of appropriately selecting the anthropometric marker of obesity used to assess its association with depressive
symptoms among the Peruvian population.
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Conclusions
AC could be a better anthropometric marker, compared to BMI, for assessing the relationship between abdominal obesity
and depression in the Peruvian population. The steadily rises in worldwide prevalence of overweight and obesity points
out that mental health issues should be examined and surveilled in obese subjects, especially those with central obesity.

Authors’ contributions
Víctor Juan Vera-Ponce, Jenny Raquel Torres-Malca, Jamee Guerra Valencia, Rubén Espinoza Rojas, Fiorella
E. Zuzunaga-Montoya, Gianella Zulema Zeñas-Trujillo, Liliana Cruz-Ausejo and Jhony A. De La Cruz-Vargas
participated in conceptualization, data curation, formal analysis, investigation, methodology, supervision, validation
and visualization, as well as the writing of the original draft and the manuscript review & editing.

Data availability
No primary data are associated with this article.

The secondary data used for this research, taken from the Demographic and Health Survey of Peru (ENDES), are freely
available from the Peruvian National Institute of Statistics and Information (INEI). In addition, dataset and codes are
available at: https://data.mendeley.com/datasets/4rjb88t4mc, and INEI link at: https://iinei.inei.gob.pe/microdatos/.

References

1. Ferrari AJ, Charlson FJ, Norman RE, et al. : Burden of depressive
disorders by country, sex, age, and year: findings from the
global burden of disease study 2010. PLoS Med. 2013; 10(11):
e1001547.
PubMed Abstract|Publisher Full Text|Free Full Text

2. FriedrichMJ:Depression is the leading cause of disability around
the world. JAMA. 2017; 317(15): 1517.
Publisher Full Text

3. World Health Organization: The global burden of disease: 2004
update. 2008; 146.

4. Baldini I, Casagrande BP, Estadella D: Depression and obesity
among females, are sex specificities considered? Arch. Womens
Ment. Health. 2021; 24(6): 851–866.
PubMed Abstract|Publisher Full Text

5. Silva DA, Coutinho E d SF, Ferriani LO, et al. : Depression subtypes
and obesity in adults: A systematic review and meta-analysis.
Obes. Rev. 2020; 21(3): e12966.
PubMed Abstract|Publisher Full Text

6. Vanderwall C, Eickhoff J, Randall Clark R, et al.: BMI z-score in obese
children is a poor predictor of adiposity changes over time. BMC
Pediatr. 2018; 18(1): 187.
PubMed Abstract|Publisher Full Text|Free Full Text

7. Esmaeilzadeh S, Farzizadeh R, Kalantari H-A, et al. : Central or
overall obesity: Which one is a better predictor of depressive
symptoms in children, adolescents, and youths? Eat. Weight
Disord. 2018; 23(1): 117–123.
Publisher Full Text

8. von Elm E, Altman D, Egger M, et al. : Declaración de la Iniciativa
STROBE (Strengthening the Reporting of Observational studies
in Epidemiology): directrices para la comunicación de estudios
observacionales. 2008; 22(2): 144–150.
Reference Source

9. Review T: Patient Health Questionnaire–9 (PHQ-9). Rehabilitation
Counseling Bulletin. 2014; 57(4): 246–248.
Publisher Full Text

10. Kroenke K, Spitzer RL, Williams JB: The PHQ-9: Validity of a brief
depression severity measure. J. Gen. Intern. Med. 2001; 16(9):
606–613.
PubMed Abstract|Publisher Full Text|Free Full Text

11. Calderón M, Gálvez-Buccollini JA, Cueva G, et al. : Validación de la
versiónperuanadelPHQ-9paraeldiagnósticodedepresión.Rev.
Peru. Med. Exp. Salud Publica. 2012; 29(4): 578–578, 579.
PubMed Abstract|Publisher Full Text

12. Alvarez EAC, Virú-Flores H, Alburqueque-Melgarejo J, et al. :
Validacióndel cuestionario sobre la saluddel paciente-9 (PHQ-9)
en internos de medicina humana de una universidad de
referencia del Perú durante la pandemia COVID-19. Rev. Fac. Med.
Hum. 2022; 22(3): 540–546.
Publisher Full Text

13. Campos-Sánchez M, Ricaldi-Sueldo R, Miranda-Cuadros M: Diseño
del Monitoreo Nacional de Indicadores Nutricionales (MONIN),

Perú 2007-2010. Rev. Peru. Med. Exp. Salud Publica. 2011; 28(2):
210–221.
PubMed Abstract|Publisher Full Text

14. Jayedi A, Rashidy-Pour A, Khorshidi M, et al. : Body mass index,
abdominal adiposity, weight gain and risk of developing
hypertension: A systematic review and dose–response meta-
analysis of more than 2.3 million participants. Obes. Rev. 2018;
19(5): 654–667.
PubMed Abstract|Publisher Full Text

15. Javed A, Jumean M, Murad MH, et al. : Diagnostic performance of
bodymass index to identify obesity asdefinedbybodyadiposity
in children and adolescents: A systematic review and meta-
analysis. Pediatr. Obes. 2015; 10(3): 234–244.
PubMed Abstract|Publisher Full Text

16. WHOExpert Consultation:Appropriatebody-mass index forAsian
populations and its implications for policy and intervention
strategies. Lancet. 2004; 363(9403): 157–163.
PubMed Abstract|Publisher Full Text

17. Wild B, Herzog W, Lechner S, et al. : Gender specific temporal and
cross-sectional associations between BMI-class and symptoms
ofdepression in theelderly. J. Psychosom. Res.2012;72(5): 376–382.
PubMed Abstract|Publisher Full Text

18. LimW, Thomas KS, Bardwell WA, et al.:Whichmeasures of obesity
are related to depressive symptoms and in whom?
Psychosomatics. 2008; 49(1): 23–28.
PubMed Abstract|Publisher Full Text|Free Full Text

19. Luppino FS, de Wit LM, Bouvy PF, et al. : Overweight, obesity, and
depression: A systematic review and meta-analysis of
longitudinal studies. Arch. Gen. Psychiatry. 2010; 67(3): 220–229.
Publisher Full Text

20. Guedes EP, Madeira E, Mafort TT, et al. : Body composition and
depressive/anxiety symptoms in overweight and obese
individuals with metabolic syndrome. Diabetol. Metab. Syndr.
2013; 5(1): 82.
PubMed Abstract|Publisher Full Text|Free Full Text

21. Godin O, Elbejjani M, Kaufman JS: Body mass index, blood
pressure, and risk of depression in the elderly: A marginal
structural model. Am. J. Epidemiol. 2012; 176(3): 204–213.
PubMed Abstract|Publisher Full Text

22. Sachs-EricssonN, Burns AB,GordonKH, et al.:Bodymass indexand
depressive symptoms in older adults: The moderating roles of
race, sex, and socioeconomic status. Am. J. Geriatr. Psychiatry.
2007; 15(9): 815–825.
PubMed Abstract|Publisher Full Text

23. Anderson SE, Cohen P, Naumova EN, et al. : Association of
depression and anxiety disorders with weight change in a
prospective community-based study of children followed up
into adulthood. Arch. Pediatr. Adolesc. Med. 2006; 160(3): 285–291.
PubMed Abstract|Publisher Full Text

24. Zhao G, Ford ES, Li C, et al. : Waist circumference, abdominal
obesity, and depression among overweight and obese

Page 8 of 10

F1000Research 2023, 12:139 Last updated: 06 FEB 2023

https://data.mendeley.com/datasets/4rjb88t4mc
https://iinei.inei.gob.pe/microdatos/
http://www.ncbi.nlm.nih.gov/pubmed/24223526
https://doi.org/10.1371/journal.pmed.1001547
https://doi.org/10.1371/journal.pmed.1001547
https://doi.org/10.1371/journal.pmed.1001547
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3818162
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3818162
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3818162
https://doi.org/10.1001/jama.2017.3826
http://www.ncbi.nlm.nih.gov/pubmed/33880649
https://doi.org/10.1007/s00737-021-01123-6
https://doi.org/10.1007/s00737-021-01123-6
https://doi.org/10.1007/s00737-021-01123-6
http://www.ncbi.nlm.nih.gov/pubmed/31724325
https://doi.org/10.1111/obr.12966
https://doi.org/10.1111/obr.12966
https://doi.org/10.1111/obr.12966
http://www.ncbi.nlm.nih.gov/pubmed/29880034
https://doi.org/10.1186/s12887-018-1160-5
https://doi.org/10.1186/s12887-018-1160-5
https://doi.org/10.1186/s12887-018-1160-5
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5992682
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5992682
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5992682
https://doi.org/10.1007/s40519-016-0320-6
https://www.equator-network.org/wp-content/uploads/2015/10/STROBE_Spanish.pdf
https://doi.org/10.1177/0034355213515305
http://www.ncbi.nlm.nih.gov/pubmed/11556941
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1495268
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1495268
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1495268
http://www.ncbi.nlm.nih.gov/pubmed/23338650
https://doi.org/10.1590/S1726-46342012000400027
https://doi.org/10.1590/S1726-46342012000400027
https://doi.org/10.1590/S1726-46342012000400027
https://doi.org/10.25176/rfmh.v22i3.3179
http://www.ncbi.nlm.nih.gov/pubmed/21845300
https://doi.org/10.1590/S1726-46342011000200007
https://doi.org/10.1590/S1726-46342011000200007
https://doi.org/10.1590/S1726-46342011000200007
http://www.ncbi.nlm.nih.gov/pubmed/29334692
https://doi.org/10.1111/obr.12656
https://doi.org/10.1111/obr.12656
https://doi.org/10.1111/obr.12656
http://www.ncbi.nlm.nih.gov/pubmed/24961794
https://doi.org/10.1111/ijpo.242
https://doi.org/10.1111/ijpo.242
https://doi.org/10.1111/ijpo.242
http://www.ncbi.nlm.nih.gov/pubmed/14726171
https://doi.org/10.1016/S0140-6736(03)15268-3
https://doi.org/10.1016/S0140-6736(03)15268-3
https://doi.org/10.1016/S0140-6736(03)15268-3
http://www.ncbi.nlm.nih.gov/pubmed/22469280
https://doi.org/10.1016/j.jpsychores.2012.01.019
https://doi.org/10.1016/j.jpsychores.2012.01.019
https://doi.org/10.1016/j.jpsychores.2012.01.019
http://www.ncbi.nlm.nih.gov/pubmed/18212172
https://doi.org/10.1176/appi.psy.49.1.23
https://doi.org/10.1176/appi.psy.49.1.23
https://doi.org/10.1176/appi.psy.49.1.23
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2665992
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2665992
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2665992
https://doi.org/10.1001/archgenpsychiatry.2010.2
http://www.ncbi.nlm.nih.gov/pubmed/24364839
https://doi.org/10.1186/1758-5996-5-82
https://doi.org/10.1186/1758-5996-5-82
https://doi.org/10.1186/1758-5996-5-82
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3913787
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3913787
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3913787
http://www.ncbi.nlm.nih.gov/pubmed/22781426
https://doi.org/10.1093/aje/kws003
https://doi.org/10.1093/aje/kws003
https://doi.org/10.1093/aje/kws003
http://www.ncbi.nlm.nih.gov/pubmed/17804833
https://doi.org/10.1097/JGP.0b013e3180a725d6
https://doi.org/10.1097/JGP.0b013e3180a725d6
https://doi.org/10.1097/JGP.0b013e3180a725d6
http://www.ncbi.nlm.nih.gov/pubmed/16520448
https://doi.org/10.1001/archpedi.160.3.285
https://doi.org/10.1001/archpedi.160.3.285
https://doi.org/10.1001/archpedi.160.3.285


U.S. adults: National Health and Nutrition Examination Survey
2005-2006. BMC Psychiatry. 2011; 11: 130.
PubMed Abstract|Publisher Full Text|Free Full Text

25. Hadi S, Momenan M, Cheraghpour K, et al. : Abdominal volume
index: A predictive measure in the relationship between
depression/anxiety and obesity. Afr. Health Sci. 2020; 20(1):
257–265.
PubMed Abstract|Publisher Full Text|Free Full Text

26. Lee ES, Kim YH, Beck S-H, et al. : Depressive mood and abdominal
fat distribution in overweight premenopausal women. Obes.
Res. 2005; 13(2): 320–325.
PubMed Abstract|Publisher Full Text

27. Herva A, Laitinen J, Miettunen J, et al. : Obesity and depression:
results from the longitudinal Northern Finland 1966 Birth
Cohort Study. Int. J. Obes. 2006; 30(3): 520–527.
PubMed Abstract|Publisher Full Text

28. Lasserre AM, Glaus J, Vandeleur CL, et al. : Depression
with atypical features and increase in obesity,
body mass index, waist circumference, and fat mass:
A prospective, population-based study. JAMA Psychiat. 2014; 71(8):
880–888.
PubMed Abstract|Publisher Full Text

29. Ma J, Xiao L: Obesity and depression in US women: Results from
the 2005-2006 National Health and Nutritional Examination

Survey. Obesity (Silver Spring). 2010; 18(2): 347–353.
PubMed Abstract|Publisher Full Text

30. Williams LJ, Pasco JA, Henry MJ, et al. : Lifetime psychiatric
disorders and body composition: A population-based study.
J. Affect. Disord. 2009; 118(1–3): 173–179.
PubMed Abstract|Publisher Full Text

31. Yang H, Youm Y-H, Vandanmagsar B, et al. : Obesity increases the
production of proinflammatory mediators from adipose tissue
T cells and compromises TCR repertoire diversity: Implications
for systemic inflammation and insulin resistance. J. Immunol.
2010; 185(3): 1836–1845.
PubMed Abstract|Publisher Full Text|Free Full Text

32. Cartier A, CôtéM, Lemieux I, et al.: Sexdifferences in inflammatory
markers: What is the contribution of visceral adiposity? Am.
J. Clin. Nutr. 2009; 89(5): 1307–1314.
PubMed Abstract|Publisher Full Text

33. Stapel B, Jelinic M, Drummond GR, et al. : Adipose tissue
compartments, inflammation, and cardiovascular risk in the
context of depression. Front. Psych. 2022; 13: 831358.
PubMed Abstract|Publisher Full Text|Free Full Text

34. Oyola MG, Handa RJ: Hypothalamic-pituitary-adrenal and
hypothalamic-pituitary-gonadal axes: sex differences in
regulation of stress responsivity. Stress. 2017; 20(5): 476–494.
PubMed Abstract|Publisher Full Text|Free Full Text

Page 9 of 10

F1000Research 2023, 12:139 Last updated: 06 FEB 2023

http://www.ncbi.nlm.nih.gov/pubmed/21834955
https://doi.org/10.1186/1471-244X-11-130
https://doi.org/10.1186/1471-244X-11-130
https://doi.org/10.1186/1471-244X-11-130
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3163524
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3163524
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3163524
http://www.ncbi.nlm.nih.gov/pubmed/33402914
https://doi.org/10.4314/ahs.v20i1.31
https://doi.org/10.4314/ahs.v20i1.31
https://doi.org/10.4314/ahs.v20i1.31
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7750042
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7750042
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7750042
http://www.ncbi.nlm.nih.gov/pubmed/15800290
https://doi.org/10.1038/oby.2005.43
https://doi.org/10.1038/oby.2005.43
https://doi.org/10.1038/oby.2005.43
http://www.ncbi.nlm.nih.gov/pubmed/16302014
https://doi.org/10.1038/sj.ijo.0803174
https://doi.org/10.1038/sj.ijo.0803174
https://doi.org/10.1038/sj.ijo.0803174
http://www.ncbi.nlm.nih.gov/pubmed/24898270
https://doi.org/10.1001/jamapsychiatry.2014.411
https://doi.org/10.1001/jamapsychiatry.2014.411
https://doi.org/10.1001/jamapsychiatry.2014.411
http://www.ncbi.nlm.nih.gov/pubmed/19590500
https://doi.org/10.1038/oby.2009.213
https://doi.org/10.1038/oby.2009.213
https://doi.org/10.1038/oby.2009.213
http://www.ncbi.nlm.nih.gov/pubmed/19249106
https://doi.org/10.1016/j.jad.2009.02.001
https://doi.org/10.1016/j.jad.2009.02.001
https://doi.org/10.1016/j.jad.2009.02.001
http://www.ncbi.nlm.nih.gov/pubmed/20581149
https://doi.org/10.4049/jimmunol.1000021
https://doi.org/10.4049/jimmunol.1000021
https://doi.org/10.4049/jimmunol.1000021
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4829921
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4829921
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4829921
http://www.ncbi.nlm.nih.gov/pubmed/19297456
https://doi.org/10.3945/ajcn.2008.27030
https://doi.org/10.3945/ajcn.2008.27030
https://doi.org/10.3945/ajcn.2008.27030
http://www.ncbi.nlm.nih.gov/pubmed/35444568
https://doi.org/10.3389/fpsyt.2022.831358
https://doi.org/10.3389/fpsyt.2022.831358
https://doi.org/10.3389/fpsyt.2022.831358
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9013771
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9013771
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9013771
http://www.ncbi.nlm.nih.gov/pubmed/28859530
https://doi.org/10.1080/10253890.2017.1369523
https://doi.org/10.1080/10253890.2017.1369523
https://doi.org/10.1080/10253890.2017.1369523
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5815295
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5815295
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5815295


The benefits of publishing with F1000Research:

Your article is published within days, with no editorial bias•

You can publish traditional articles, null/negative results, case reports, data notes and more•

The peer review process is transparent and collaborative•

Your article is indexed in PubMed after passing peer review•

Dedicated customer support at every stage•

For pre-submission enquiries, contact research@f1000.com

Page 10 of 10

F1000Research 2023, 12:139 Last updated: 06 FEB 2023

mailto:research@f1000.com

