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ARTICLE INFO ABSTRACT

Keywords: Background objectives: Depression rate has been correlated with Body Mass Index (BMI). However, the impact of
Obesity the BMI on adult depression, which is based on longitudinal research, is unclear. The present study examined the
Overweight effect of obesity and overweight on depression in adults.

Depression

Method: To do the systematic review some databases were searched such as Google Scholar, PsycInfo, Scopus
and PubMed until Jun 2018. 18 studies were selected for meta-analysis after investigating the manuscripts base
on eligible criteria. Meta-analysis was performed through random effects model. Also, analysis of subgroups for
gender and BMI measurement was carried out and publication bias was also investigated.

Results: 18 prospective-cohort studies were included in meta-analysis. Obesity was a risk factor for depression
(Pooled Risk Ratio (RR) = 1.15; and 95% confidence interval (CI) = 1.06-1.25. The pooled RR was 1.04 for the
effect of overweight on the risk of depression (95% CI= CI=0.99-1.11; P = 0.135). In women, depression rate
was 1.15 (95% CI = 1.05-1.26) and 1.04 (95% CI = 0.96-1.13) based on obesity and overweight respectively.
In men they were 1.06 (95% CI = 0.89-1.26) and 0.96; 95% CI = 0.84-1.11 according to obesity and over-
weight status. Some evidence of publication bias was found after evaluating.

Conclusions: Obesity and but no overweight seem to predict the incidence and risk of depression. Therefore, the
prevention and treatment of obesity can reduce depression.

Meta-analysis

1. Introduction

Depression is one of the most common psychiatric disorders around
the world, which has many consequences (Prince et al., 2007). It is
estimated that 16.6% of Americans experience depression in a period of
time (Kessler et al., 2005). Based on this, depression is associated with
cognitive dysfunction (McKnight and Kashdan, 2009; Murrough et al.,
2011), loss of quality of life (Papakostas et al., 2004), and increased risk
of a variety of diseases (Mezuk et al., 2008; Rugulies, 2002).

One of the recent growing problems which is affecting people' life
worldwide is obesity and overweight (Finucane et al., 2011; Kelly et al.,
2008). This problem can be seen in one-third of adults now (Lehnert
et al.,, 2013) and its prevalence has developed during the past years
((NCD-RisC), 2016). The prevalence of obesity and overweight has in-
creased in children and teenagers as well ((NCD-RisC), 2017) and they
both are connected to mortality, disabilities, psychological disorders
and some other different diseases connect (Amiri and Behnezhad, 2018;
Bray and Bellanger, 2006; Lu et al., 2014; Shiri et al., 2010; Shiri et al.,
2014). A recent meta-analysis demonstrated a positive association
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between childhood and adolescent obesity and depression and more
severe depressive symptoms in young people with obesity (Quek et al.,
2017)). High BMI as shown in researches, is a risk factor for mortality
and is the cause of 70% of cardiovascular mortality (Afshin et al.,
2017).

Some different psychological disorders have been found to be re-
lated to obesity (Crisp and McGuiness, 1976; Kasen et al., 2008; Roberts
et al.,, 2002). Obesity and depression are among the most common
health problems (Organization, 2001, 2004). Recently, much attention
has been paid to psychological complications of obesity (Markowitz
et al., 2008). Although cross-sectional studies have been conducted on
the relationship between obesity and depression (Atlantis and Baker,
2008), longitudinal studies (Bjerkeset et al., 2008; Kasen et al., 2008;
Roberts et al., 2003; Roberts et al., 2000) in this case are less frequent,
and the results are sometimes contradictory. Several systematic review
and meta-analysis have been done on the relationship between obesity
and depression (Abou Abbas et al., 2015; Atlantis and Baker, 2008;
Luppino et al., 2010; Molyneaux et al., 2014; Pereira-Miranda et al.,
2017; Preiss et al., 2013; Quek et al., 2017; Xu et al., 2011; Zhao et al.,
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sectional studies, case-control, outcomes
were other mental disorders.

59 studies on obesity/overweight
and depression

7study excluded based on: no reported "RR" and or
others indicator to calculate it.

6studies excluded based on used same database.
Istudy based on having bipolar disorder at baseline.
8studies  excluded based on  unspecified
Obesity/overweight categories.

17studies excluded based on adolescents
children population at baseline.

2studies were excluded after contacting the authors
and not providing the necessary data.

and

v

18 studies on obesity/overweight and
depression included in the meta-
analysis

Fig. 1. Flow chart of the search strategy and selection of studies.

2016). A critical review of these studies shows a few points. First, in
these studies, longitudinal studies have been less studied to assess the
risk of depression in individuals with obesity and overweight. Second,
the findings from these studies have provided mixed results for ado-
lescent and adults groups, while the composition of adolescents with
adults is a challenge due to the large weight changes in adolescence.
Third, some of these studies have been conducted on women during
pregnancy, while weight changes in this period are very variable.
Fourth, the only study that examined eight longitudinal studies used
unadjusted indices to investigate the relationship between obesity and
the incidence of depression and did not distinguish between adolescents
and adults (Luppino et al., 2010) and finally some studies have also
looked at the relationship between obesity and bipolar disorder.
Therefore, most of these studies have examined the effects of obesity
and overweight on depression based on cross-sectional studies. Due to
the nature of these studies, the relationship between BMI and depres-
sion cannot be very clear. Overall, according to what was said and a
review of studies conducted, the aim of this study was to investigate the
effect of obesity and overweight on the risk of depression in the adults
and also to examine gender differences in the relationship.

2. Method
2.1. Protocol and registration

PRISMA (Moher et al., 2009) protocol was applied to do this study.
PubMed, Scopus, PsycInfo and Google Scholar are the sites from which
the articles were selected until Jun 2018 and to do the research the
MESH keywords were used. Some references were reviewed as well to

obtain related articles.

2.2. Eligibility criteria

To include the articles into the meta-analysis the following criteria
were considered:

1) prospective studies; 2) Obesity/overweight as exposure; 3) de-
pression as outcome; 4) Studies that reported Risk ratio (RR) or odd
ratio (OR) or hazard ratio (HR); 5) suitable adjust for confounders;
exclusion of the articles happened because of the following reasons: 1)
literature review, Randomized Control Trial and systematic review and
meta-analysis studies; 2) measurement obesity in childhood and ado-
lescence (at baseline); 3) studying the pregnant women; 4) studying
which measured abdominal obesity.

2.3. Data extraction

Data extraction was done separately by the researchers considering
the included items: author, year, country, age, sex, population size in
analysis, obesity/overweight measurement instruments, risk ratio and
adjusted cofounders. For all studies, adjusted risk ratio with 95% con-
fidence intervals extracted.

2.4. Quality assessment

Researchers separately assessed the studies qualitatively according
to Effective Public Health Practice Project Criteria (Armijo-Olivo et al.,
2012).
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Study
ID

Obesity

Almeida 2009

Ball 2009

Becofsky 2015
Bjerkeset 2008
Carroll 2010
Chang 2012
Fowler-Brown 2012
Gariepy 2010
Gibson-Smith 2016
Godin 2012

Kasen 2008
Martin-Rodriguez 2016
Nigatu 2015

i

tots
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%

RR (95% CI) Weight

131(1.05164) 3.1
1.33(1.08,1.65)  3.30
1.05(0.87,1.26)  3.82
1.29(1.14,145) 542
1.26(1.04,154) 360
0.63(0.44,088) 168
1.20(0.91,1.60) 228
093(0.78,1.10)  4.11
1.25(0.73,2.16)  0.79
160(1.03,251) 111

+

525(1.41,1958) 015
1.14(1.01,129) 537

>

St gl

Pickering 2011

Roberts 2003

Hinnouho 2017

Pan 2012

Mast 2008

Subtotal (l-squared = 55.9%, p = 0.002)

Overweight

Ball 2009

Becofsky 2015
Bjerkeset 2008

Chang 2012
Fowler-Brown 2012
Gibson-Smith 2016
Godin 2012
Martin-Rodriguez 2016
Pickering 2011
Hinnouho 2017

Pan 2012

Mast 2008

Subtotal (I-squared = 45.3%, p = 0.044)

Overall (I-squared = 57.5%, p = 0.000)

NOTE: Weights are from random effects analysis '

0.75(0.25,2.30)  0.20
1.10(0.95,1.33)  4.20
1.79(1.06,3.02) 084
1.07(0.88,1.31) 354
1.10(1.02,120)  6.50
1.29(0.78,2.14)  0.89
115(1.06,125)  50.92

1.21(1.03,143) 429
1.00(0.90,1.30)  3.85
114(1.05,1.23) 656
0.74 (0.59,093)  3.03
1.14 (0.88,1.50) 247
1.08 (0.76, 1.53) 1.65
1.01(0.79,1.30)  2.71
1.04(0.93,1.16) 570
1.10(0.90,124) 439
101(0.93,1.10) 643
1.00(0.94,1.07) 693
1.08 (0.68, 1.69) 1.07
1.04(0.99,1.11)  49.08

1.10 (1.04, 1.15) 100.00

| |
.0511 1

I
19.6

Fig. 2. Forest of obesity/overweight and Risk of depression.

2.5. Meta-analysis

In this study BMI was categorized according to the international
classification of disease (ICD-10) (WorldHealthOrganization, 1995):
underweight (BMI < 18.5), normal weight (18-5-24.9), overweight
(25-29.9) and obesity (=30). Depression also defined and categorized
according to the Diagnostic and Statistical Manual of Mental Disorders
(AmericanPsychiatricAssociation, 2013). All the articles in which de-
pression was assessed through interview, medical records, Clinical di-
agnostic and self-report were entered into the meta-analysis. The sub-
groups of a single study are combined wherever the Poole risk ratio was
not reported. In order to do this, logarithm of the risk ratios and con-
fidence intervals were measured first and after that pooled risk ratio
was calculated through fixed-effects method. To combine all the stu-
dies, meta-analysis was carried out by the help of random-effects
method. Random-effect model was chosen because it can generalize
findings beyond the included studies by assuming that the selected
studies are random samples from a larger population (Cheung et al.,
2012). Subgroup analysis was done according to BMI, gender and BMI
measurement method. Heterogeneity was assessed using Cochrane **
(Q test) and I? statistic (Higgins and Thompson, 2002; Ioannidis et al.,
2007). To decide about the origin of heterogeneity, random effects and
subgroup analysis were also carried out. Publication bias was measured
through Funnel Plots, Beeg Test and Egger test and the trim-and-fill

method based on random effects (Begg and Mazumdar, 1994; Duval
and Tweedie, 2000; Egger et al., 1997). Stata-14 software was applied
to do the meta-analysis (Stata Corp. College Station, TX).

3. Result
3.1. Study selection

Search in databases identified 7657 published articles (Fig. 1). After
reviewing the articles, 276 articles were examined the relationship
between obesity and various mental disorders. Of the 59 eligible arti-
cles, 41 articles were excluded because of the following reasons that: 7
studies based on not reporting “RR” or “OR” or “HR”, 6 studies due to
the usage of the same database, 17 studies due to baseline measurement
in childhood or adolescence, 1 Study due to having bipolar disorder in
the baseline, 8 studies due to the uncertainty of the classification of
BM], and 2 studies were also excluded after contacting the authors and
not providing the required information. The articles which assessed the
risk of depression in individuals with obesity and overweight were
entered into the meta-analysis. Table 1 represents the features of the
included articles.
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Women
Study
ID RR (95% Cl)
Obesity :
Ball 2009 — 1.33 (1.08, 1.65)
Becofsky 2015 —_— 1.05 (0.58, 1.91)
Bjerkeset 2008 - 1.21(1.03, 1.41)
Carroll 2010 — = 1.37 (1.07, 1.76)
Chang 2012 —_— |: 0.61 (0.40, 0.92)
Fowler-Brown 2012 — 1.22 (0.90, 1.67)
Gariepy 2010 — 1.03 (0.84, 1.26)
Kasen 2008 ——— 5.25(1.41, 19.58)
Martin-Rodriguez 2016 - 1.14 (1.01, 1.29)
Pickering 2011 —_— 1.20 (1.02, 1.51)
Pan 2012 -> 1.10 (1.02, 1.20)
Subtotal (I-squared = 51.8%, p = 0.023) O 1.15 (1.05, 1.26)
Overweight ;
Ball 2009 —-— 1.21 (1.03, 1.43)
Becofsky 2015 —— 0.78 (0.55, 1.09)
Bjerkeset 2008 - 1.11(0.99, 1.14)
Chang 2012 —_— 0.73 (0.54, 0.98)
Fowler-Brown 2012 I—o— 1.25 (0.91, 1.72)
Martin-Rodriguez 2016 - 1.04 (0.93, 1.16)
Pickering 2011 — 1.03 (1.02, 1.56)
Pan 2012 . 1.00 (0.94, 1.07)

Subtotal (I-squared =59.4%, p = 0.016) 1.04 (0.96, 1.13)

Overall (I-squared = 59.4%, p = 0.001) 1.09 (1.03, 1.16)
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i
!
i
NOTE: Weights are from random effects analysig}
T T T
1

.0511 19.6

Men
% Study %
Weight RR(9%Cl)  Weight
]

4.95 Obesity !
0.98 Almeida 2009 —— 1.31(1.05,164) 1015
674 pecofsky 2015 —le 105(0.86,1.28) 1093
::gi Bjerkesat 2008 : —_— 141(117,1.70) 1133
297 Carroll 2010 —_— 1.10(0.79,151)  7.30
5.21 Chang 2012 _—t 066(036,1.21)  3.12
0.21 Fowler-Brown 2012 ; 1.01(0.58,1.76)  3.59
glg Gariepy 2010 —_— E 0.71(0.51,0.98) 7.23
9.93 Pickering 2011 —_— 1.00 (0.6, 1.39)  6.69
50.42  Subtotal (I-squared = 63.3%, p = 0.008) <;> 1.06 (0.89, 1.26) 6035

: "
6.47 Overweight :
254 Becofsky 2015 - 1.04(092,1.17) 1352
10.38  Bjerkeset 2008 —— 115(1.03,2.15) 632
3.14 Chang 2012 —-o—l:- 0.76 (0.54,1.07)  6.88
g'gg Fowler-Brown 2012 S 099065, 151) 533
403 Pickering 2011 —0—1:— 080(058,1.08) 7.6
1061  Subtotal (squared = 25.7%, p = 0.250) <P 096 (0.84,1.11) 3965
49.58 g
100.00 Overall (I-squared = 57.0%, p = 0.006) <::> 1.02(0.90, 1.15)  100.00

NOTE: Weights are from random effects analysis E

T

T
.36

Fig. 3. Forest plot of obesity/overweight and depression in men and women.

3.2. Quality of studies

The included articles were evaluated considering five quality di-
mensions. The results of quality assessment indicated that 15 studies
had low, 12 studies had moderate and 1 study had high risks of selec-
tion bias. 16, 1 and 1 studies had low, moderate and high risks of
confounding bias respectively. 16 studies were found with a moderate
risk of blinding bias. Risk of data collection method bias was low in 16
studies and moderate in 2 studies. Risks of withdrawals and dropout
bias respectively was low in 15 studies and moderate in 3 studies.

3.3. Obesity/overweight and depression

Risk Ratio was assessed for obesity/overweight and depression.
Results of pooled RR are shown in Fig. 2. Pooled RR = 1.15; 95%
CI = 1.06-1.25 and P = 001 expressed a significant relationship be-
tween obesity and depression. The result of pooled RR = 1.04; 95%
CI = 0.99-1.11 and P = 135 which are represented in Fig. 2 indicated
no significant association between overweight and depression.

Subgroup analysis based on gender was shown in Fig. 3. Pooled
RR = 1.15; 95% CI = 1.05-1.26 and P = 002 indicated that obesity is
related to depression in women; Pooled RR =1.04; 95%
CI = 0.96-1.13 and P = 334 also indicated that there is no significant
association between overweight and depression in women. Pooled
RR = 1.06; 95% CI = 0.89-1.26 and P = 0.519 showed no significant
association between obesity and depression in men as well; Pooled
RR = 0.96; 95% CI = 0.84-1.11 and P = 0.589 presented no sig-
nificant association between overweight and depression in men.

3.4. Subgroup analysis

Fig. 4 shows the results of subgroup analysis considering obesity/
overweight evaluation. According to Pooled RR = 1.20; 95%
CI = 1.11-1.31 and P = 001 obesity can be considered as a risk factor
for depression in measured obesity/overweight; Pooled RR = 1.09;
95% CI = 1.03-1.15 and P = 004 indicated that overweight is asso-
ciated with depression in measured overweight. In self-reported obe-
sity/overweight, Pooled RR =1.11; 95% CI=0.99-1.26 and
P = 0.077 and Pooled RR = 1.03; 95% CI = 0.94-1.12 and P = 0.575

indicated no significant association between obesity/overweight and
depression.

3.5. Publication bias and heterogeneity

Fig. 5 shows the Funnel plot of 18 studies. This plot reflects the
symmetry; Begg test (P = 0.088) and Egger test (P = 0.261) resulted in
no publication bias and the trim-and-fill method (Duval and Tweedie,
2000) impute 4 missing studies. All 18 included studies had equal
heterogeneity which was I = 72.1% (Higgins et al., 2003).

4. Discussion

The results of this meta-analysis indicated that obesity and over-
weight have a positive relationship with increased risk of depression.
The study of meta-analysis results based on gender subgroups also
showed that obesity is associated with an increased risk of depression in
women. The effects of overweight on depressive risk were not sig-
nificant in women and men; although in women, this relationship was
positive, but in men, the relationship between overweight and the risk
of depression was an inverse relationship but not significantly.

The relationship between obesity and the risk of an increased in-
cidence of depression found in our research is consistent with the
previous meta-analysis (Luppino et al., 2010) that has shown that
obesity in the baseline increases the risk of depression during follow-up.
Also, about the effect of overweight, similar results were obtained with
the previous meta-analysis (Luppino et al., 2010), which is based on
longitudinal studies. But in previous meta-analysis, the results were
based on the combination of both adolescents and adults, as well as
unadjusted results. The study of gender differences in the relationship
between the effect of obesity and overweight on depression yielded the
same results with previous meta-analysis (Luppino et al., 2010). The
gender differences in the relationship between obesity and overweight
with depression are in line with other studies that have been done
(Atlantis and Baker, 2008; Markowitz et al., 2008; Onyike et al., 2003;
Quek et al., 2017).

Overall, the results of this study were consistent with many of the
original studies and meta-analyzes was based on cross-sectional studies.
However, in cross-sectional studies, consideration should be given to
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Measured
Study %
D RR (95% Cl) Weight
T
Obesity i
Almeida 2009 -:—0— 1.31(1.05,1.64) 589
Becofsky 2015 —— 1.05(0.87,1.26)  7.97
Bjerkeset 2008 —— 1.29(1.14,145) 1463
Gibson-Smith 2016 —_—T 1.25(0.73,2.16) 1.14
Godin 2012 - 1.60(1.03,251) 167
Martin-Rodriguez 2016 —— 114(1.01,1.29)  14.32
Nigatu 2015 ¢ + ; 0.75(0.25,230)  0.28
Subtotal (I-squared = 13.8%, p = 0.324) 0 120(1.11,1.31) 4591
)
|
Overweight i
Becofsky 2015 | - 1.00(090,1.30)  8.06
Bjerkeset 2008 ol 1.14(1.05,1.23) 2235
Gibson-Smith 2016 1.08(0.76,1.53)  2.64
I e
Godin 2012 ——— 1.01(0.79,1.30)  4.87
Martin-Rodriguez 2016 —— 1.04(0.93,1.16)  16.16
Subtotal (I-squared = 0.0%, p = 0.536) <> 1.09(1.03,1.15)  54.09
1
1
° 1
Overall (l-squared = 25.3%, p =0.196) 0 1.13(1.07,1.20)  100.00
\
NOTE: Weights are from random effects analysis E
T I T
25 1 4
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Self-reported
Study %
D RR (95% Cl) Weight
Obesity |
Ball 2009 - 1.33(1.08, 1.65)  6.01
Carroll 2010 —+ 1.26(1.04,1.54) 6.46
Chang 2012 —— 0.63(0.44,0.88) 3.29
Fowler-Brown 2012 == 1.20(0.91,1.60) 4.35
Gariepy 2010 - 0.93(0.78,1.10) 7.23
Kasen 2008 || ——————— 525(1.41,19.58) 0.31
Pickering 2011 -+ 1.10(0.95,1.33) 7.35
Roberts 2003 |—— 1.79(1.06,3.02) 1.71
Hinnouho 2017 - 1.07 (0.88,1.31) 6.38
Pan 2012 * 1.10(1.02,1.20) 1037
Subtotal (l-squared = 67.5%, p = 0.001) 1.11(0.99, 1.26) 53.47
Overweight M
Ball 2009 - 1.21(1.03,1.43) 749
Chang 2012 - 0.74(0.59,0.93) 5.59
Fowler-Brown 2012 ] 1.14 (0.88, 1.50)  4.67
Pickering 2011 - 1.10(0.90,1.24) 7.62
Hinnouho 2017 +* 1.01(0.93,1.10) 10.29
Pan 2012 . 1.00 (0.94, 1.07)  10.87
Subtotal (l-squared = 63.6%, p = 0.017) Q 1.03(0.94,1.12)  46.53
Overall (l-squared = 67.5%, p = 0.000) 1.07 (0.99, 1.15)  100.00

f°

NOTE: Weights are from random effects analysis

I
0511 1

Fig. 4. Forest plot of Obesity/overweight and depression based on BMI measurement.

caution in determining relationships (Abou Abbas et al., 2015; Atlantis
and Baker, 2008). The analysis of subgroups based on obesity and
overweight measurements showed that the clinical measurement of
BMI in comparison with self-report has a much lower incidence of
heterogeneity. And the relationship between obesity and overweight
with the risk of depression was significant when the BMI was clinically
measured. The relationship between depression and metabolic syn-
drome could be explained by underlying biological changes. Stress can
increase leptin resistance (Yang et al., 2016), levels of neuropeptide Y
(Lu et al., 2016) and inflammatory cytokines (Lu et al., 2015) which
causes an increase in appetite and obesity. From a treatment perspec-
tive, intervention such as cognitive behavior therapy (CBT) can be of-
fered to treat obesity and depression because CBT was found to help in
the reduction of binge eating which is a common comorbidity of de-
pression (Zhang et al., 2015). Antidepressants such as fluoxetine and
bupropion which are associated with weight loss are suitable for de-
pressed patients with obesity (Lu et al., 2017).
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Fig. 5. Funnel plot of BMI and depression.
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The first strength of the present study is that this study is the first
comprehensive meta-analysis of depression in obesity and overweight;
and that this study assesses the risk of depression in individuals with
obesity and overweight, and just longitudinal studies are included,
hence, it is more beneficial in determining causal relationships. One
other strength of the present study was including studies that were
controlled for confounders, which could be so applicable in drawing the
connection between obesity/overweight and depression risk.
Participants in each of these studies and all studies were very high.
Also, findings of the present meta-analysis showed a moderate level of
heterogeneity (Higgins et al., 2003). The degree of heterogeneity after
the analysis of subgroups decreased somewhat. In particular, reducing
the incidence of heterogeneity in the method of obesity and overweight
measurement was very impressive.

5. Conclusion

Overall, current research has shown that obesity is a risk factor for
depression in adults, and it has also been shown that there are gender
differences in the relationship between obesity and depression, but
there is no difference in overweight. It seems that the relationship be-
tween obesity and depression is a linear relationship, so that in obese
individuals, there is a risk of depression, but in overweight individuals
this risk is lower.

Conflicts of interest
None.
References

Abou Abbas, L., Salameh, P., Nasser, W., Nasser, Z., Godin, 1., 2015. Obesity and symp-
toms of depression among adults in selected countries of the Middle East: a systematic
review and meta-analysis. Clin. Obes. 5 (1), 2-11. https://doi.org/10.1111/cob.
12082.

Afshin, A., Forouzanfar, M.H., Reitsma, M.B., Sur, P., Estep, K., Lee, A., ... Murray, C.J.L.,
2017. Health effects of overweight and obesity in 195 countries over 25 years. N.
Engl. J. Med. 377 (1), 13-27. https://doi.org/10.1056/NEJMoal614362.


https://doi.org/10.1111/cob.12082
https://doi.org/10.1111/cob.12082
https://doi.org/10.1056/NEJMoa1614362

S. Amiri et al.

Almeida, O.P., Calver, J., Jamrozik, K., Hankey, G.J., Flicker, L., 2009. Obesity and
metabolic syndrome increase the risk of incident depression in older men: the health
in men study. Am. J. Geriatr. Psychiatry 17 (10), 889-898. https://doi.org/10.1097/
JGP.0b013e3181b047¢3.

AmericanPsychiatricAssociation, 2013. Diagnostic and Statistical Manual of Mental
Disorders, fifth ed. American Psychiatric Association, Arlington, VA.

Amiri, S., Behnezhad, S., 2018. Body mass index and risk of suicide: a systematic review
and meta-analysis. J. Affect. Disord. 238, 615-625. https://doi.org/10.1016/j.jad.
2018.05.028.

Armijo-Olivo, S., Stiles, C.R., Hagen, N.A., Biondo, P.D., Cummings, G.G., 2012.
Assessment of study quality for systematic reviews: a comparison of the Cochrane
collaboration risk of bias tool and the effective public health Practice Project quality
assessment tool: methodological research. J. Eval. Clin. Pract. 18 (1), 12-18. https://
doi.org/10.1111/j.1365-2753.2010.01516.x.

Atlantis, E., Baker, M., 2008. Obesity effects on depression: systematic review of epide-
miological studies. Int. J. Obes. (Lond.) 32 (6), 881-891. https://doi.org/10.1038/
ij0.2008.54.

Ball, K., Burton, N.W., Brown, W.J., 2009. A prospective study of overweight, physical
activity, and depressive symptoms in young women. Obesity (Silver Spring) 17 (1),
66-71. https://doi.org/10.1038/0by.2008.497.

Becofsky, K.M., Sui, X., Lee, D.C., Wilcox, S., Zhang, J., Blair, S.N., 2015. A prospective
study of fitness, fatness, and depressive symptoms. Am. J. Epidemiol. 181 (5),
311-320. https://doi.org/10.1093/aje/kwu330.

Begg, C.B., Mazumdar, M., 1994. Operating characteristics of a rank correlation test for
publication bias. Biometrics 50 (4), 1088-1101.

Bjerkeset, O., Romundstad, P., Evans, J., Gunnell, D., 2008. Association of adult body
mass index and height with anxiety, depression, and suicide in the general popula-
tion: the HUNT study. Am. J. Epidemiol. 167 (2), 193-202. https://doi.org/10.1093/
aje/kwm280.

Bray, G.A., Bellanger, T., 2006. Epidemiology, trends, and morbidities of obesity and the
metabolic syndrome. Endocrine 29 (1), 109-117. https://doi.org/10.1385/
endo:29:1:109.

Carroll, D.D., Blanck, H.M., Serdula, M.K., Brown, D.R., 2010. Obesity, physical activity,
and depressive symptoms in a cohort of adults aged 51 to 61. J. Aging Health 22 (3),
384-398. https://doi.org/10.1177/0898264309359421.

Chang, H.H., Yen, S.T., 2012. Association between obesity and depression: evidence from
a longitudinal sample of the elderly in Taiwan. Aging Ment. Health 16 (2), 173-180.
https://doi.org/10.1080/13607863.2011.605053.

Cheung, M.W., Ho, R.C., Lim, Y., Mak, A., 2012. Conducting a meta-analysis: basics and
good practices. Int. J. Rheum. Dis. 15 (2), 129-135. https://doi.org/10.1111/§.1756-
185X.2012.01712.x.

Crisp, A.H., McGuiness, B., 1976. Jolly fat: relation between obesity and psychoneurosis
in general population. Br. Med. J. 1 (6000), 7-9.

Duval, S., Tweedie, R., 2000. Trim and fill: a simple funnel-plot-based method of testing
and adjusting for publication bias in meta-analysis. Biometrics 56 (2), 455-463.

Egger, M., Davey Smith, G., Schneider, M., Minder, C., 1997. Bias in meta-analysis de-
tected by a simple, graphical test. Bmj 315 (7109), 629-634.

Finucane, M.M., Stevens, G.A., Cowan, M.J., Danaei, G., Lin, J.K., Paciorek, C.J., ... Ezzati,
M., 2011. National, regional, and global trends in body-mass index since 1980: sys-
tematic analysis of health examination surveys and epidemiological studies with 960
country-years and 9.1 million participants. Lancet 377 (9765), 557-567. https://doi.
0rg/10.1016/50140-6736(10)62037-5.

Fowler-Brown, A.G., Ngo, L.H., Wee, C.C., 2012. The relationship between symptoms of
depression and body weight in younger adults. Obesity (Silver Spring) 20 (9),
1922-1928. https://doi.org/10.1038/0by.2011.311.

Gariepy, G., Wang, J., Lesage, A.D., Schmitz, N., 2010. The longitudinal association from
obesity to depression: results from the 12-year National population health survey.
Obesity (Silver Spring) 18 (5), 1033-1038. https://doi.org/10.1038/0by.2009.333.

Gibson-Smith, D., Bot, M., Paans, N.P., Visser, M., Brouwer, 1., Penninx, B.W., 2016. The
role of obesity measures in the development and persistence of major depressive
disorder. J. Affect. Disord. 198, 222-229. https://doi.org/10.1016/j.jad.2016.03.
032.

Godin, O., Elbejjani, M., Kaufman, J.S., 2012. Body mass index, blood pressure, and risk
of depression in the elderly: a marginal structural model. Am. J. Epidemiol. 176 (3),
204-213. https://doi.org/10.1093/aje/kws003.

Higgins, J.P., Thompson, S.G., 2002. Quantifying heterogeneity in a meta-analysis. Stat.
Med. 21 (11), 1539-1558. https://doi.org/10.1002/sim.1186.

Higgins, J.P., Thompson, S.G., Deeks, J.J., Altman, D.G., 2003. Measuring inconsistency
in meta-analyses. Bmj 327 (7414), 557-560. https://doi.org/10.1136/bmj.327.7414.
557.

Hinnouho, G.M., Singh-Manoux, A., Gueguen, A., Matta, J., Lemogne, C., Goldberg, M., ...
Czernichow, S., 2017. Metabolically healthy obesity and depressive symptoms: 16-
year follow-up of the Gazel cohort study. PloS One 12 (4), e0174678. https://doi.org/
10.1371/journal.pone.0174678.

Ioannidis, J.P., Patsopoulos, N.A., Evangelou, E., 2007. Uncertainty in heterogeneity es-
timates in meta-analyses. Bmj 335 (7626), 914-916. https://doi.org/10.1136/bmj.
39343.408449.80.

Kasen, S., Cohen, P., Chen, H., Must, A., 2008. Obesity and psychopathology in women: a
three decade prospective study. Int. J. Obes. (Lond.) 32 (3), 558-566. https://doi.
0rg/10.1038/5].ij0.0803736.

Kelly, T., Yang, W., Chen, C.S., Reynolds, K., He, J., 2008. Global burden of obesity in
2005 and projections to 2030. Int. J. Obes. (Lond.) 32 (9), 1431-1437. https://doi.
0rg/10.1038/ij0.2008.102.

Kessler, R.C., Berglund, P., Demler, O., Jin, R., Merikangas, K.R., Walters, E.E., 2005.
Lifetime prevalence and age-of-onset distributions of DSM-IV disorders in the na-
tional comorbidity survey replication. Arch. Gen. Psychiatr. 62 (6), 593-602. https://

11

Obesity Medicine 12 (2018) 1-12

doi.org/10.1001/archpsyc.62.6.593.

Lehnert, T., Sonntag, D., Konnopka, A., Riedel-Heller, S., Konig, H.H., 2013. Economic
costs of overweight and obesity. Best Pract. Res. Clin. Endocrinol. Metabol. 27 (2),
105-115. https://doi.org/10.1016/j.beem.2013.01.002.

Lu, Y., Hajifathalian, K., Ezzati, M., Woodward, M., Rimm, E.B., Danaei, G., 2014.
Metabolic mediators of the effects of body-mass index, overweight, and obesity on
coronary heart disease and stroke: a pooled analysis of 97 prospective cohorts with
1.8 million participants. Lancet 383 (9921), 970-983. https://doi.org/10.1016/
50140-6736(13)61836-x.

Lu, Y., Van Bever, H.P., Lim, T.K., Kuan, W.S., Goh, D.Y., Mahadevan, M., ... Ng, T.P.,
2015. Obesity, asthma prevalence and IL-4: roles of inflammatory cytokines, adipo-
nectin and neuropeptide Y. Pediatr. Allergy Immunol. 26 (6), 530-536. https://doi.
org/10.1111/pai.12428.

Lu, Y., Andiappan, A.K., Lee, B., Ho, R., Lim, T.K., Kuan, W.S., Ng, T.P., 2016.
Neuropeptide Y associated with asthma in young adults. Neuropeptides 59, 117-121.
https://doi.org/10.1016/j.npep.2016.07.003.

Ly, Y., Ho, C.S., Liu, X., Chua, A.N., Wang, W., McIntyre, R.S., Ho, R.C., 2017. Chronic
administration of fluoxetine and pro-inflammatory cytokine change in a rat model of
depression. PloS One 12 (10), e0186700. https://doi.org/10.1371/journal.pone.
0186700.

Luppino, F.S., de Wit, L.M., Bouvy, P.F,, Stijnen, T., Cuijpers, P., Penninx, B.W., Zitman,
F.G., 2010. Overweight, obesity, and depression: a systematic review and meta-
analysis of longitudinal studies. Arch. Gen. Psychiatr. 67 (3), 220-229. https://doi.
org/10.1001/archgenpsychiatry.2010.2.

Markowitz, S., Friedman, M.A., Arent, S.M., 2008. Understanding the relation between
obesity and depression: causal mechanisms and implications for treatment. Clin.
Psychol. Sci. Pract. 15 (1), 1-20. https://doi.org/10.1111/j.1468-2850.2008.
00106.x.

Martin-Rodriguez, E., Guillen-Grima, F., Auba, E., Marti, A., Brugos-Larumbe, A., 2016.
Relationship between body mass index and depression in women: a 7-year pro-
spective cohort study. The APNA study. Eur. Psychiatr. 32, 55-60. https://doi.org/
10.1016/j.eurpsy.2015.11.003.

McKnight, P.E., Kashdan, T.B., 2009. The importance of functional impairment to mental
health outcomes: a case for reassessing our goals in depression treatment research.
Clin. Psychol. Rev. 29 (3), 243-259. https://doi.org/10.1016/j.cpr.2009.01.005.

Mezuk, B., Eaton, W.W., Albrecht, S., Golden, S.H., 2008. Depression and type 2 diabetes
over the lifespan: a meta-analysis. Diabetes Care 31 (12), 2383-2390. https://doi.
org/10.2337/dc08-0985.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G., 2009. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Ann. Intern. Med. 151
(4), 264-269 w264.

Molyneaux, E., Poston, L., Ashurst-Williams, S., Howard, L.M., 2014. Obesity and mental
disorders during pregnancy and postpartum: a systematic review and meta-analysis.
Obstet. Gynecol. 123 (4), 857-867. https://doi.org/10.1097 /aog.
0000000000000170.

Murrough, J.W., Iacoviello, B., Neumeister, A., Charney, D.S., Iosifescu, D.V., 2011.
Cognitive dysfunction in depression: neurocircuitry and new therapeutic strategies.
Neurobiol. Learn. Mem. 96 (4), 553-563. https://doi.org/10.1016/j.nlm.2011.06.
006.

(NCD-RisC), N.R.F.C., 2016. Trends in adult body-mass index in 200 countries from 1975
to 2014: a pooled analysis of 1698 population-based measurement studies with 19.2
million participants. Lancet 387 (10026), 1377-1396. https://doi.org/10.1016/
50140-6736(16)30054-x.

(NCD-RisC), N.R.F.C., 2017. Worldwide trends in body-mass index, underweight, over-
weight, and obesity from 1975 to 2016: a pooled analysis of 2416 population-based
measurement studies in 128.9 million children, adolescents, and adults. Lancet 390
(10113), 2627-2642. https://doi.org/10.1016/s0140-6736(17)32129-3.

Nigatu, Y.T., Bultmann, U., Reijneveld, S.A., 2015. The prospective association between
obesity and major depression in the general population: does single or recurrent
episode matter? BMC Publ. Health 15, 350. https://doi.org/10.1186/512889-015-
1682-9.

Onyike, C.U., Crum, R.M., Lee, H.B., Lyketsos, C.G., Eaton, W.W., 2003. Is obesity asso-
ciated with major depression? Results from the third national health and nutrition
examination survey. Am. J. Epidemiol. 158 (12), 1139-1147.

Organization, W.H., 2001. The World Health Report 2001. Mental Health: New
Understanding, New Hope. World Health Organization, Geneva Switzerland.

Organization, W.H., 2004. Obesity: Preventing and Managing the Global Epidemic.
Report of a WHO Consultation. World Health Organization, Geneva Switzerland.

Pan, A., Sun, Q., Czernichow, S., Kivimaki, M., Okereke, O.I., Lucas, M., ... Hu, F.B., 2012.
Bidirectional association between depression and obesity in middle-aged and older
women. Int. J. Obes. (Lond.) 36 (4), 595-602. https://doi.org/10.1038/ijo.2011.111.

Papakostas, G.I., Petersen, T., Mahal, Y., Mischoulon, D., Nierenberg, A.A., Fava, M.,
2004. Quality of life assessments in major depressive disorder: a review of the lit-
erature. Gen. Hosp. Psychiatr. 26 (1), 13-17.

Pereira-Miranda, E., Costa, P.R.F., Queiroz, V.A.O., Pereira-Santos, M., Santana, M.L.P.,
2017. Overweight and obesity associated with higher depression prevalence in
adults: a systematic review and meta-analysis. J. Am. Coll. Nutr. 36 (3), 223-233.
https://doi.org/10.1080/07315724.2016.1261053.

Pickering, R.P., Goldstein, R.B., Hasin, D.S., Blanco, C., Smith, S.M., Huang, B., ... Grant,
B.F., 2011. Temporal relationships between overweight and obesity and DSM-IV
substance use, mood, and anxiety disorders: results from a prospective study, the
National epidemiologic survey on alcohol and related conditions. J. Clin. Psychiatr.
72 (11), 1494-1502. https://doi.org/10.4088/JCP.10m06077gry.

Preiss, K., Brennan, L., Clarke, D., 2013. A systematic review of variables associated with
the relationship between obesity and depression. Obes. Rev. 14 (11), 906-918.
https://doi.org/10.1111/0br.12052.


https://doi.org/10.1097/JGP.0b013e3181b047e3
https://doi.org/10.1097/JGP.0b013e3181b047e3
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref4
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref4
https://doi.org/10.1016/j.jad.2018.05.028
https://doi.org/10.1016/j.jad.2018.05.028
https://doi.org/10.1111/j.1365-2753.2010.01516.x
https://doi.org/10.1111/j.1365-2753.2010.01516.x
https://doi.org/10.1038/ijo.2008.54
https://doi.org/10.1038/ijo.2008.54
https://doi.org/10.1038/oby.2008.497
https://doi.org/10.1093/aje/kwu330
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref10
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref10
https://doi.org/10.1093/aje/kwm280
https://doi.org/10.1093/aje/kwm280
https://doi.org/10.1385/endo:29:1:109
https://doi.org/10.1385/endo:29:1:109
https://doi.org/10.1177/0898264309359421
https://doi.org/10.1080/13607863.2011.605053
https://doi.org/10.1111/j.1756-185X.2012.01712.x
https://doi.org/10.1111/j.1756-185X.2012.01712.x
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref16
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref16
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref17
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref17
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref18
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref18
https://doi.org/10.1016/s0140-6736(10)62037-5
https://doi.org/10.1016/s0140-6736(10)62037-5
https://doi.org/10.1038/oby.2011.311
https://doi.org/10.1038/oby.2009.333
https://doi.org/10.1016/j.jad.2016.03.032
https://doi.org/10.1016/j.jad.2016.03.032
https://doi.org/10.1093/aje/kws003
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1371/journal.pone.0174678
https://doi.org/10.1371/journal.pone.0174678
https://doi.org/10.1136/bmj.39343.408449.80
https://doi.org/10.1136/bmj.39343.408449.80
https://doi.org/10.1038/sj.ijo.0803736
https://doi.org/10.1038/sj.ijo.0803736
https://doi.org/10.1038/ijo.2008.102
https://doi.org/10.1038/ijo.2008.102
https://doi.org/10.1001/archpsyc.62.6.593
https://doi.org/10.1001/archpsyc.62.6.593
https://doi.org/10.1016/j.beem.2013.01.002
https://doi.org/10.1016/s0140-6736(13)61836-x
https://doi.org/10.1016/s0140-6736(13)61836-x
https://doi.org/10.1111/pai.12428
https://doi.org/10.1111/pai.12428
https://doi.org/10.1016/j.npep.2016.07.003
https://doi.org/10.1371/journal.pone.0186700
https://doi.org/10.1371/journal.pone.0186700
https://doi.org/10.1001/archgenpsychiatry.2010.2
https://doi.org/10.1001/archgenpsychiatry.2010.2
https://doi.org/10.1111/j.1468-2850.2008.00106.x
https://doi.org/10.1111/j.1468-2850.2008.00106.x
https://doi.org/10.1016/j.eurpsy.2015.11.003
https://doi.org/10.1016/j.eurpsy.2015.11.003
https://doi.org/10.1016/j.cpr.2009.01.005
https://doi.org/10.2337/dc08-0985
https://doi.org/10.2337/dc08-0985
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref41
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref41
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref41
https://doi.org/10.1097/aog.0000000000000170
https://doi.org/10.1097/aog.0000000000000170
https://doi.org/10.1016/j.nlm.2011.06.006
https://doi.org/10.1016/j.nlm.2011.06.006
https://doi.org/10.1016/s0140-6736(16)30054-x
https://doi.org/10.1016/s0140-6736(16)30054-x
https://doi.org/10.1016/s0140-6736(17)32129-3
https://doi.org/10.1186/s12889-015-1682-9
https://doi.org/10.1186/s12889-015-1682-9
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref47
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref47
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref47
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref48
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref48
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref49
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref49
https://doi.org/10.1038/ijo.2011.111
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref51
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref51
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref51
https://doi.org/10.1080/07315724.2016.1261053
https://doi.org/10.4088/JCP.10m06077gry
https://doi.org/10.1111/obr.12052

S. Amiri et al.

Prince, M., Patel, V., Saxena, S., Maj, M., Maselko, J., Phillips, M.R., Rahman, A., 2007.
No health without mental health. Lancet 370 (9590), 859-877. https://doi.org/10.
1016/50140-6736(07)61238-0.

Quek, Y.H., Tam, W.W.S., Zhang, M.W.B., Ho, R.C.M., 2017. Exploring the association
between childhood and adolescent obesity and depression: a meta-analysis. Obes.
Rev. 18 (7), 742-754. https://doi.org/10.1111/0br.12535.

Roberts, R.E., Kaplan, G.A., Shema, S.J., Strawbridge, W.J., 2000. Are the obese at greater
risk for depression? Am. J. Epidemiol. 152 (2), 163-170.

Roberts, R.E., Strawbridge, W.J., Deleger, S., Kaplan, G.A., 2002. Are the fat more jolly?
Ann. Behav. Med. 24 (3), 169-180.

Roberts, R.E., Deleger, S., Strawbridge, W.J., Kaplan, G.A., 2003. Prospective association
between obesity and depression: evidence from the Alameda County Study. Int. J.
Obes. Relat. Metab. Disord. 27 (4), 514-521. https://doi.org/10.1038/sj.ijo.
0802204.

Rugulies, R., 2002. Depression as a predictor for coronary heart disease. a review and
meta-analysis. Am. J. Prev. Med. 23 (1), 51-61.

Shiri, R., Karppinen, J., Leino-Arjas, P., Solovieva, S., Viikari-Juntura, E., 2010. The as-
sociation between obesity and low back pain: a meta-analysis. Am. J. Epidemiol. 171
(2), 135-154. https://doi.org/10.1093/aje/kwp356.

12

Obesity Medicine 12 (2018) 1-12

Shiri, R., Lallukka, T., Karppinen, J., Viikari-Juntura, E., 2014. Obesity as a risk factor for
sciatica: a meta-analysis. Am. J. Epidemiol. 179 (8), 929-937. https://doi.org/10.
1093/aje/kwu007.

WorldHealthOrganization, 1995. Physical status: the use and interpretation of anthro-
pometry. Report of a WHO Expert Committee. World Health Organ Tech. Rep. Ser.
854, 1-452.

Xu, Q., Anderson, D., Lurie-Beck, J., 2011. The relationship between abdominal obesity
and depression in the general population: a systematic review and meta-analysis.
Obes. Res. Clin. Pract. 5 (4), €267-360. https://doi.org/10.1016/j.0rcp.2011.04.007.

Yang, J.L., Liu, X., Jiang, H., Pan, F., Ho, C.S., Ho, R.C., 2016. The effects of high-fat-diet
combined with chronic unpredictable mild stress on depression-like behavior and
leptin/LepRb in male rats. Sci. Rep. 6, 35239. https://doi.org/10.1038/srep35239.

Zhang, M.W., Ho, R.C., Cassin, S.E., Hawa, R., Sockalingam, S., 2015. Online and
smartphone based cognitive behavioral therapy for bariatric surgery patients: initial
pilot study. Technol. Health Care 23 (6), 737-744. https://doi.org/10.3233/thc-
151026.

Zhao, Z., Okusaga, 0.0., Quevedo, J., Soares, J.C., Teixeira, A.L., 2016. The potential
association between obesity and bipolar disorder: a meta-analysis. J. Affect. Disord.
202, 120-123. https://doi.org/10.1016/j.jad.2016.05.059.


https://doi.org/10.1016/s0140-6736(07)61238-0
https://doi.org/10.1016/s0140-6736(07)61238-0
https://doi.org/10.1111/obr.12535
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref57
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref57
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref58
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref58
https://doi.org/10.1038/sj.ijo.0802204
https://doi.org/10.1038/sj.ijo.0802204
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref60
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref60
https://doi.org/10.1093/aje/kwp356
https://doi.org/10.1093/aje/kwu007
https://doi.org/10.1093/aje/kwu007
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref63
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref63
http://refhub.elsevier.com/S2451-8476(18)30063-0/sref63
https://doi.org/10.1016/j.orcp.2011.04.007
https://doi.org/10.1038/srep35239
https://doi.org/10.3233/thc-151026
https://doi.org/10.3233/thc-151026
https://doi.org/10.1016/j.jad.2016.05.059

	Body Mass Index (BMI) and risk of depression in adults: A systematic review and meta-analysis of longitudinal studies
	Introduction
	Method
	Protocol and registration
	Eligibility criteria
	Data extraction
	Quality assessment
	Meta-analysis

	Result
	Study selection
	Quality of studies
	Obesity/overweight and depression
	Subgroup analysis
	Publication bias and heterogeneity

	Discussion
	Conclusion
	Conflicts of interest
	References




