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Abstract

Background

Mental and body weight disorders are among the major global health challenges, and their

comorbidity may play an important role in treatment and prevention of both pathologies. A

growing number of studies have examined the relationship between psychiatric status and

body weight, but our knowledge is still limited.

Objective

The present study aims to investigate the cross-sectional relationships of psychiatric status

and body mass index (BMI) in Málaga, a Mediterranean city in the South of Spain.

Materials and Methods

A total of 563 participants were recruited from those who came to his primary care physi-

cian, using a systematic random sampling, non-proportional stratified by BMI categories.

Structured clinical interviews were used to assess current Axes-I and II mental disorders

according to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text

Revision (DSM-IV-TR). BMI was calculated as weight (Kg) divided by square of height in

meters (m2). Logistic regression was used to investigate the association between BMI and

the presence of any mental disorder. BMI was introduced in the models using restricted

cubic splines.

Results

We found that high BMI values were directly associated with mood and adjustment disor-

ders, and low BMI values were directly associated with avoidant and dependent personality

disorders (PDs). We observed an inverse relationship between low BMI values and cluster

A PDs. There were not significant relationships between anxiety or substance-related disor-

ders and BMI.
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Conclusion

Psychiatric status and BMI are related in a Mediterranean Spanish population. A multidisci-

plinary approach to both pathologies becomes increasingly more necessary.

Introduction
The association between mental health and body weight cannot be refused based on the current
scientific literature[1–4]. Both mental diseases and body weight disorders are among the major
global health challenges, and many epidemiological studies have reported a dramatic increase
in their prevalence and burden of disease[5–8].

Comorbidity between psychiatric and body weight disorders may play an important role in
treatment and prevention of both pathologies. Examples of the above are the changes in symp-
toms of depression associated to weight loss[9], or the improvement of postoperative outcomes
in bariatric surgery candidates by a presurgical psychological screening[10]. So, a multidisci-
plinary approach to both pathologies may be more effective. This multidisciplinary approach
should be based on the knowledge and understanding of the relationship between body weight
and psychiatric status.

During the last years, a growing number of studies have examined the association
between body mass index (BMI) and psychiatric status. Despite the number of studies
about this topic, some issues still remain unclear. One of these issues is related to the assess-
ment of psychiatric status. Association between some psychiatric disorders, like mood or
anxiety disorders, and BMI has been profusely studied in the literature[2–4,11–29]. How-
ever, only a few studies analyses other mental disorders, and the association between some of
them and BMI status is, by now, unknown. For example, to our knowledge, there isn’t pub-
lished any research about the relationship between adjustment disorders and BMI. Further,
a comprehensive assessment of psychiatric status allows adjusting for psychiatric comorbid-
ity since psychiatric disorders are associated with both themselves[30] and body weight
[11,31,32]

Another important matter is the measurement of body weight. The majority of studies on
BMI and psychiatric status are focused on overweight and obese individuals, and only a few
include underweight participants. The non inclusion of these individuals involves a signifi-
cant loss of information because most studies show a nonlinear relationship between the full
range of BMI values and mental diseases[12–14,31,33–36]. In general, these studies show U-
or J-shaped relationships, with its minimum (best mental health) at a normal weight value.
Methodologically this nonlinearity has to be taking into account, because the inclusion of
BMI as a continuous independent variable in linear or logistic regression models may be no
suitable.

Finally, there is a lack of studies in some epidemiologically important populations. A Medi-
terranean-style diet has been associated with both better psychiatric status[37,38] and less
incidence of overweight or obesity[39,40]. These associations may influence the relationship
between psychiatric status and BMI, so it would be interesting to study this relationship in a
Mediterranean population, because these data have not been published before.

The purpose of this study was to evaluate the relationship between BMI and psychiatric sta-
tus in a Mediterranean Spanish population, covering a wide range of both psychiatric disorders
and BMI values.
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Materials and Methods

Population and Sample
The study population consisted of inhabitants of Málaga (South of Spain) aged between 18 and
65 years, who were assigned to a health center within Málaga Health District. To get a sample
from this population, a systematic random sample was drawn. The sample was non-propor-
tional stratified by BMI categories in order to include enough participants in extreme catego-
ries of BMI. Between January and December of 2011, a total of 563 participants were recruited
from those who came to his primary care physician with a disease not related with body weight
or mental health. Inclusion criteria were men or women aged between 18 and 65 years, who
accepted to participate in the study and signed the Informed Consent Form. Exclusion criteria
were presence of a handicap that prevents giving a reliable answer, history of psychiatric disor-
der during the last two years, intake of drugs related to weight change, and any change in BMI
due to: metabolic or neuroendocrine etiology, genetic malformation syndromes, lipomathosis
or lipodystrophy.

The Ethics Committee of the Faculty of Medicine of de University of Málaga approved this
study.

Measures
An unique psychiatrist conducted structured clinical interviews to all participants to diag-
nose current mental disorders according to Diagnostic and Statistical Manual of Mental Dis-
orders, Fourth Edition, Text Revision (DSM-IV-TR)[41]. Concerning Axis I psychiatric
disorders, our study examined: schizophrenia and other psychotic disorders, mood, anxiety,
adjustment, somatoform, factitious, dissociative, sexual and gender identity, substance use
and eating disorders. Within eating disorders, we considered anorexia nervosa, bulimia ner-
vosa, binge eating disorder and eating disorders not otherwise specified (EDNOS). Further-
more, we evaluated ten Axis II personality disorders (PDs): paranoid, schizoid, schizotypal,
antisocial, borderline, histrionic, narcissistic, avoidant, dependent, and obsessive-compulsive
personality disorder. To ensure a sufficient number of events per variable, we analyzed
cluster A (paranoid, schizoid and schizotypal), cluster B (antisocial, borderline, histrionic
and narcissistic), and cluster C (avoidant, dependent and obsessive-compulsive), rather than
individual PDs. A participant with one or more PDs in a given cluster was considered into
this cluster.

Height and weight measures were obtained with the same instruments by trained study
staff. BMI was calculated as weight (Kg) divided by square of height in meters (m2). According
to WHO international classification[42], participants were classified into one of four groups:
Underweight (BMI<18.5 kg/m2), Normal weight (BMI 18.5–24.99 Kg/m2), Overweight (BMI
25.0–29.99 Kg/m2) and Obesity (BMI� 30 Kg/m2). We used this categorization of BMI only
for descriptive analyses, and we used continuous BMI to investigate associations between
DSM-IV-TR Axes I and II mental disorders and BMI.

We collected additional information regarding participants’ age (years), gender, educational
level (no studies, primary, secondary, university), having a paid work (yes/no), living alone
(yes/no), origin (rural/urban), family history of obesity (yes/no), and family history of psychi-
atric disease (yes/no). Participants were considered with family history of psychiatric disease if
their parents or siblings have been diagnosed with psychiatric disorders or received psychiatric
treatment four or more times in the last five years. These variables were used to adjust for the
possible confounding effect.
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Data Analysis
We described the sample by studying variables according to BMI categories, Axis I and Axis II
disorders. Association between categorical variables was assessed using the Chi-square test, or
Fisher exact test if they were dichotomous. Association between age and BMI categories was
assessed using ANOVA.

Logistic regression was used to investigate the association between BMI and the presence of
any mental disorder. BMI was introduced in the models using restricted cubic splines, allowing
us to examine non-linear relationships between BMI and the outcome variables. Before data
analysis, and based on literature recommendations about location and number of knots[43],
we decided modeling BMI using 4 knots placed at the 5th, 35th 65th and 95th percentiles of the
sample BMI distribution (corresponding with knots at BMI values of 17.9, 24.1, 29.1 and 43.6).
Multivariate models were age and gender adjusted, and included any variable whose statistical
association with the outcome variable had a p-value<0.25 (Chi-square test)[44]. As reference
value of BMI we used 22.5 Kg/m2.

All the analyses were conducted with Stata 13.0 (StataCorp, College Station, TX, USA). We
used ‘xbrcspline’ command to tabulate and plot odds ratios (ORs) and their confidence inter-
vals (CIs)[45]. The significance level was set at p<0.05 and all CIs were estimated with a confi-
dence level of 95%.

Results

Socio-Demographic Characteristics
Of the total sample (N = 563), 78 (13.9%) were underweight, 142 (25.2%) had a normal weight,
170 (30.2%) had overweight and 173 (30.7%) were obese. Table 1 shows the distribution of
socio-demographic variables and their association with BMI categories. We found statistical
association with age, education level, paid work, family history of obesity and family history of
psychiatric disease.

Concerning age, we found that the higher BMI, the higher age. Pearson’s coefficient correla-
tion between both variables (considered as continuous) was r = 0.383 (p< 0.001). Educational
level differs among groups. We have found a high percentage of people without studies in the
obese group and none in the underweight group. Regarding paid work, there are no statistical
differences between the normal weight and overweight group, and between underweight and
obese group. The presence of family history of obesity is highest in the obese group and lowest
in the normal weight group. When we compared the underweight with the overweight group,
we found no statistical differences. We found a similar association between weight status and
family history of psychiatric disease. The obese group had the highest percentage of family his-
tory of psychiatric disease, and the normal weight group had the lowest percentage. Again,
when we compared the underweight with the overweight group, we found no statistical
differences.

Axis I Disorders and BMI Status
Table 2 describes Axis I psychiatric disorders by socio-demographic variables and BMI catego-
ries. In order to show only relevant information, we took into account only Axis I disorders
with enough number of cases. Specifically, we didn’t find any participant with factitious, disso-
ciative, sexual and gender identity or schizophrenia and other psychotic disorders. Further,
only one participant was diagnosed with a somatoform disorder. Therefore, we didn’t show
these disorders in the table.
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Of the total sample, 43 participants (7.6%) were diagnosed with any mood disorder, 48
(8.5%) were diagnosed with any anxiety disorder, 43 (7.6%) were diagnosed with adjustment
disorder, 89 (15.8%) were diagnosed with any eating disorder and 36 (6.4%) were diagnosed
with any substance-related disorder. We found more than one Axis I mental disorder in 58 par-
ticipants (10.3%). From them, 42 had two disorders, 15 had three disorders and only one had
four disorders simultaneously.

Among participants with eating disorders, 89 patients, we found 3 cases (3.4%) of anorexia
nervosa, 15 cases (16.9%) of bulimia nervosa, 2 participants (2.2%) with EDNOS, 65 (73%)
with binge eating disorder and 4 participants (4.5%) with EDNOS and binge eating disorder
simultaneously.

Mood disorders (43 patients) were statistically associated with origin, being more frequent
in rural areas. We found statistical association between mood disorders and BMI. Higher fre-
quencies of mood disorders were obtained in extreme weight categories (underweight and
obese) but we didn’t find statistical differences between underweight and obese groups
(p = 0.761). None of the normal weight participants (n = 142) had mood disorders.

Anxiety disorders (48 patients) were statistically associated only with BMI, being more fre-
quent in extreme weight categories. When we compared underweight with obese participants,
we didn’t find statistical differences (p = 0.764).

Adjustment disorders (43 patients) were statistically associated with education level (highest
percentage in non-studies participants) and family history of psychiatric disease. We found a
strong direct relationship between BMI and adjustment disorders.

Table 1. Socio-demographic variables and their association with BMI.

Total
(n = 563)

Underweight
(n = 78)

Normal weight
(n = 142)

Overweight
(n = 170)

Obese
(n = 173)

p 1

Age (years) <0.001 2

mean (sd) 38.8 (12.2) 23.9 (9.5) 40.2 (10.4) 39.3 (12.1) 43.9 (9.3)

Gender n(%) 0.523

Female 328 (58.3) 41 (52.6) 79 (55.6) 103 (60.6) 105 (60.7)

Education n(%) 3 <0.001

No studies or Primary 257 (50.8) 35 (44.9) 49 (40.2) 71 (44.1) 102 (70.3)

Secondary or more 249 (49.2) 43 (55.1) 73 (59.8) 90 (55.9) 43 (29.7)

Origin n(%) 0.069

Rural 74 (13.1) 6 (7.7) 16 (11.3) 20 (11.8) 32 (18.5)

Urban 489 (86.9) 72 (92.3) 126 (88.7) 150 (88.2) 141 (81.5)

Paid work n(%) <0.001

Yes 235 (41.7) 13 (16.7) 85 (59.9) 91 (53.5) 46 (26.6)

Live alone n(%) 0.056

Yes 79 (14.0) 11 (14.1) 11 (7.7) 25 (14.7) 32 (18.5)

FH 4 Obesity n(%) <0.001

Yes 84 (14.9) 12 (15.4) 7 (4.9) 25 (14.7) 40 (23.1)

FH 4 Psychiatric Disease n
(%)

<0.001

Yes 98 (17.4) 13 (16.7) 13 (9.2) 23 (13.5) 49 (28.3)

1 Chi-square test;
2 ANOVA;
3 Missing for 57 participants (20 normal weight, 9 overweight and 28 obese);
4 FH = Family History of

doi:10.1371/journal.pone.0145414.t001
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Table 2. Frequency of Axis I psychiatric disorders by socio-demographic variables and BMI.

Mood Disorders
(n = 43)

Anxiety
Disorders
(n = 48)

Adjustment
Disorders
(n = 43)

Eating Disorders
(n = 89)

Substance-
related
Disorders
(n = 36)

n (%) n (%) n (%) n (%) n (%)

Gender

Male 17 (7.2) 19 (8.1) 19 (8.1) 32 (13.6) 15 (6.4)

Female 26 (7.9) 29 (8.8) 24 (7.3) 57 (17.4) 21 (6.4)

Age

15–24 9 (11.4) 9 (11.4) 3 (3.8) 16 (20.3) 2 (2.5)

25–34 8 (7.0) 12 (10.4) 7 (6.1) 16 (13.9) 6 (5.2)

35–44 17 (8.9) 16 (8.4) 19 (10.0) 30 (15.7) 12 (6.3)

45–54 9 (7.8) 10 (8.7) 8 (7.0) 14 (12.2) 12 (10.4)

55–64 0 0 1 (1.6) 6 (9.7) 13 (21.0) 4 (6.5)

Education 1

No studies 10 (13.5) 4 (5.4) 11 (14.9)* 26 (35.1)** 7 (9.5)

Primary 15 (8.2) 19 (10.4) 9 (4.9)* 27 (14.8)** 10 (5.5)

Secondary 11 (6.8) 16 (9.9) 14 (8.6)* 21 (13.0)** 9 (5.6)

University 6 (6.9) 6 (6.9) 3 (3.5)* 5 (5.8)** 4 (4.6)

Paid work

Yes 14 (6.0) 15 (6.4) 17 (7.2) 20 (8.5)** 11 (4.7)

No 29 (8.8) 33 (10.1) 26 (7.9) 69 (21.0)** 25 (7.6)

Live alone

Yes 4 (5.1) 3 (3.8) 10 (12.7) 12 (15.2) 6 (7.6)

No 39 (8.1) 45 (9.3) 33 (6.8) 77 (15.9) 30 (6.2)

Origin

Rural 10 (13.5)* 2 (2.7) 6 (8.1) 14 (18.9) 7 (9.5)

Urban 33 (6.8)* 46 (9.4) 37 (7.6) 75 (15.3) 29 (5.9)

FH 2 Obesity

Yes 7 (8.3) 11 (13.1) 11 (13.1) 26 (31.0)** 13 (15.5)**

No 36 (7.5) 37 (7.7) 32 (6.7) 63 (13.2)** 23 (4.8)**

FH 2 Psychiatric Disease

Yes 12 (12.2) 13 (13.3) 13 (13.3)* 29 (29.6)** 15 (15.3)**

No 31 (6.7) 35 (7.5) 30 (6.5)* 60 (12.9)** 21 (4.5)**

Body Mass Index 3

Underweight 8 (10.3)** 11 (14.1)* 2 (2.6)** 14 (18.0)** 3 (3.9)

Normal weight 0 (0)** 8 (5.6)* 3 (2.1)** 5 (3.5)** 5 (3.5)

Overweight 15 (8.8)** 7 (4.1)* 10 (5.9)** 14 (8.2)** 10 (5.9)

Obese 20 (11.6)** 22 (12.7)* 28 (16.2)** 56 (32.4)** 18 (10.4)

*p<0.05 (Chi-square test);

**p<0.001 (Chi-square test);
1 Missing for 57 participants (20 normal weight, 9 overweight and 28 obese);
2 FH = Family History of;
3 Participants were classified as Underweight (BMI <18.5 Kg/m2), Normal weight (BMI 18.5–24.99 Kg/m2), Overweight (BMI 25.0–29.99 Kg/m2) and

Obese (BMI �30 Kg/m2)

doi:10.1371/journal.pone.0145414.t002
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Eating disorders (89 patients) were inversely associated with education level and paid work,
and directly associated with family history of obesity and family history of psychiatric disease.
Among BMI categories, we found a high percentage of eating disorders in obese (32.4%) and
underweight (18%) participants. When we compared these two categories, we found statisti-
cally significant differences (p = 0.018).

Substance-related disorders (36 patients) were statistically associated only with family his-
tory of obesity and family history of psychiatric disease.

Fig 1 shows the adjusted odds ratio (OR) and percentage of mood and anxiety disorders across
the continuum of BMI. ORs were estimated considering a reference level of BMI = 22.5Kg/m2.
Above BMI reference level we found a direct association between BMI andmood disorders, but
below reference level we didn’t find statistical association (Fig 1A). Concerning anxiety disorders
and BMI (Fig 1B), we found an U-shaped relationship between rates of anxiety disorders and
weight status, but we didn’t obtain any statistically significant adjusted OR.

Relationship between adjustment and substance-related disorders and BMI are shown in
Fig 2. As above, these graphs display adjusted OR and percentage of disorders by BMI consid-
ered as continuum, and reference level was established at BMI = 22.5Kg/m2. We found a posi-
tive dose-response relationship between BMI and adjustment disorders (Fig 2A). We didn’t
find any statistical association between substance-related disorders and BMI (Fig 2B).

The last Axis I disorder analyzed was eating disorders. Fig 3 shows its relationship with
BMI. The graph displays adjusted OR and percentage of eating disorders by BMI considered as
continuum, and reference level was established at BMI = 22.5Kg/m2. We found a J-shaped rela-
tionship between BMI and eating disorders. Above reference level we found a direct association
between BMI and eating disorders, and this relationship was inverse below the reference level.
But only in overweight and obese participants the associations observed were statistically sig-
nificant. The distribution of eating disorders was different among BMI categories. Whereas
participants with anorexia nervosa (3 patients) were all underweight, binge eating disorder (65
patients) was present only in overweight and obese participants. We found bulimia nervosa in
underweight (n = 11), normal-weight (n = 3) and obese (n = 1) participants.

Axis II Personality Disorders and BMI Status
Table 3 shows frequencies of any Axis II, cluster A and cluster C PD, by socio-demographic
variables and BMI. We found only 7 participants with a cluster B PD, so we didn’t display this
cluster in the table in order to show only relevant information.

Of the total sample, 101 participants (17.9%) were diagnosed with any Axis II PD, 40 (7.1%)
were diagnosed with a cluster A PD and 55 (9.8%) were diagnosed with a cluster C PD. We
found more than one Axis II PD only in one participant who was diagnosed with both schizo-
typal and dependent PD.

Among participants with a cluster A PD (40 patients), 9 (22.5%) were diagnosed with para-
noid PD, 6 (15%) were diagnosed with schizoid PD, and 25 (62.5%) were diagnosed with schi-
zotypal PD. Regarding cluster C PDs distribution (55 patients), we found 13 (23.6%)
participants with avoidant PD, 11 (20%) with dependent PD, and 31 (56.4%) with obsessive-
compulsive PD.

As a whole, Axis II PDs (101 patients) were statistically associated only with paid work,
being more frequent in participants without paid work. We found the same statistical associa-
tion between paid work and cluster A PDs.

Concerning BMI we found that, overall, Axis II PDs were not statistically associated with
weight status. Nevertheless, when we considered cluster A and cluster C PDs separately, we
found a clear statistical relationship between them and BMI. None of underweight participants
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was diagnosed with a cluster A PD, and when we compared normal weight, overweight and
obese group, we didn’t find statistical differences among them (p = 0.525). This relationship
was inverted in cluster C PDs. Underweight participants showed the higher percentage of clus-
ter C PDs (18%), and when we compared them with overweight (10.6%) and obese (12.1%)
participants, we didn’t find statistical differences among them (p = 0.261).

Fig 4 shows the adjusted ORs and percentage of cluster A and cluster C PDs across the con-
tinuum of BMI. ORs were estimated considering a reference level of BMI = 22.5Kg/m2. Below
reference level there were no participants with a cluster A PD, so we found a statistically signifi-
cant inverse relationship between being underweight and having a cluster A PD. Above BMI
reference level, we didn’t find statistical association between cluster A PDs and BMI (Fig 4A).

Below the reference level, we found that the lower the BMI, the higher the risk of cluster C
PDs (Fig 4B). Although more than a half of cluster C PDs diagnosed (55 patients) were obses-
sive-compulsive PD (31 patients), only one of the 14 underweight participants with a cluster C
PD had obsessive-compulsive PD, 8 (57%) were diagnosed with avoidant PD and 5 (36%) with
dependent PD.

Above the reference level, we found an inverted U-shaped relationship with the maximum
OR located at a BMI between 30 and 35 kg/m2.

To further analyze the relationship observed between underweight and cluster C PDs, we
studied the associations between each cluster C PD and eating disorders by pairs, using Fisher’s
exact test. Obsessive-Compulsive PD was positively associated with binge eating disorder
(p = 0.041), but was not associated with anorexia or bulimia nervosa. Avoidant PD was posi-
tively associated with anorexia (p = 0.001) and bulimia nervosa (p = 0.004), but was not

Fig 1. Adjusted odds ratio and percentage of mood and anxiety disorders across the continuum of BMI. (A) Adjusted by age, gender, origin,
educational level, family history of psychiatric disease and eating disorders; (B) Adjusted by age, gender, live alone, paid work, origin, family history of
obesity, family history of psychiatric disease, substance-related disorders, eating disorder and cluster C personality disorders; CI = confidence interval.

doi:10.1371/journal.pone.0145414.g001
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associated with binge eating disorders. Finally, dependent PD was positively associated with
bulimia nervosa (p< 0.001), but was not associated with the others eating disorders.

Discussion
In this cross-sectional study, we have analyzed the relationship between DSM-IV Axes I and II
disorders and BMI. This is the first study to examine this relationship in a Mediterranean pop-
ulation. Overall, our results indicate that high body weight is directly associated with mood
and adjustment disorders, and low body weight is directly associated with cluster C PDs (spe-
cially avoidant and dependent PDs). Cluster A PDs were inversely associated with low BMI.
Relationship between eating disorders and body weight status was J-shaped. All of these rela-
tionships are important to keep in mind when designing intervention programs to improve
either the body weight or the psychiatric status of patients.

We found that mood disorders are directly associated with high BMI (Fig 1A). Relationship
between obesity and mood disorders is by far the most studied in the literature[11,14–20], and
the majority of studies have focused on depression[2–4,12,13,21–24]. Our findings are concor-
dant with previous studies since there is enough evidence to accept that mood disorders are
directly associated with obesity. Despite the number of studies, reciprocity between mood dis-
orders and body weight is still unclear, and longitudinal studies haven’t proved a clear bidirec-
tional relationship between mood disorders and high BMI[3,4,24–26].

In the multivariate analysis, we didn’t find association between anxiety disorders and BMI.
Although rates of anxiety disorders were higher in underweight and obese than in normal
weight participants, none of the ORs were statistically significant (Fig 1B). This lack of

Fig 2. Odds ratio and percentage of adjustment and substance-related disorders across the continuum of BMI. (A) Adjusted by age, gender, origin,
educational level, family history of psychiatric disease and eating disorders; (B) Adjusted by age, gender, live alone, paid work, origin, family history of
obesity, family history of psychiatric disease, substance-related disorders, eating disorders and cluster C personality disorders; CI = confidence interval.

doi:10.1371/journal.pone.0145414.g002
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association between anxiety disorders and weight status is not surprising for us since previous
studies about this relationship are controversial. Based on cross-sectional studies of large
nationally representative samples from different countries, Mather et al.[17], Zhao et al.[13],
Petry et al.[11], Scott et al.[14,27] and Barry et al.[28] found a direct relationship between anxi-
ety disorders and obesity. On the other hand, cross-sectional population-based studies by Bruf-
faerts et al.[18], McLaren et al.[19], Simon et al.[29], and two recent longitudinal population-
based studies[16,25] didn’t find any association between anxiety disorders and obesity. Three
of the above studies[11,13,18] also analyzed the association between underweight and anxiety
disorders, and none of them observed a statistically significant relationship.

A novel finding of this study is the relationship observed between adjustment disorders and
high BMI (Fig 2A). Compared with others mental disorders, there are few epidemiological
studies focused on adjustment disorders[46], so this outcome increases the limited epidemio-
logical knowledge about this disease. The association observed between adjustment disorders
and high BMI may be explained through the relationship between stress and body weight. A
recent longitudinal study about body weight gain and stress in a national, population-based
sample of Australians[47] showed that stressful life events that had occurred in the preceding
12 months were positively associated with weight gain but not weight loss. Adjustment disor-
der cannot be diagnosed in the absence of a stressful event, and the onset of symptoms must be
within 3 months of exposure to the stressor[48]. So, a stressful event may originate both an
adjustment disorder and BMI gain. It is important to note that the current finding is novel and
requires future replication for confirmation.

Fig 3. Odds ratio and percentage of eating disorders across the continuum of BMI. Adjusted by age,
gender, paid work, educational level, family history of obesity, family history of psychiatric disease, mood
disorders, anxiety disorders, adjustment disorders, substance-related disorders, and cluster C personality
disorders; CI = confidence Interval.

doi:10.1371/journal.pone.0145414.g003
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Substance-related disorders were not associated with BMI. Although not statistically signifi-
cant, we observed an inverse relationship between substance-related disorders and BMI at high
body weight values (Fig 2B). This protective role of obesity against substance-related disorders
has been observed in both, longitudinal[16] and cross-sectional[17,18,29,32] population-based

Table 3. Frequency of Axis II disorders by socio-demographic variables and BMI.

Any Axis II Disorder
(n = 101)

Cluster A Disorder (n = 40) Cluster C Disorder (n = 55)

n (%) n (%) n (%)

Gender

Male 40 (17.0) 13 (5.5) 26 (11.1)

Female 61 (18.6) 27 (8.2) 29 (8.8)

Age

15–24 16 (20.3) 3 (3.8) 11 (13.9)

25–34 20 (17.4) 5 (4.4) 14 (12.2)

35–44 34 (17.8) 18 (9.4) 16 (8.4)

45–54 19 (16.5) 9 (7.8) 8 (7.0)

55–64 12 (19.4) 5 (8.1) 6 (9.7)

Education 1

No studies 19 (25.7) 10 (13.5) 9 (12.2)

Primary 30 (16.4) 10 (5.5) 18 (9.8)

Secondary 26 (16.1) 8 (4.9) 17 (10.5)

University 17 (19.5) 6 (6.9) 9 (10.3)

Paid work

Yes 30 (12.8)* 6 (2.6)** 21 (8.9)

No 71 (21.7)* 34 (10.4)** 34 (10.4)

Live alone

Yes 16 (20.3) 5 (6.3) 11 (13.9)

No 85 (17.6) 35 (7.2) 44 (9.1)

Origin

Rural 10 (13.5) 3 (4.1) 6 (8.1)

Urban 91 (18.6) 37 (7.6) 49 (10.0)

FH 2 Obesity

Yes 19 (22.6) 5 (6.0) 13 (15.5)

No 82 (17.1) 35 (7.3) 42 (8.8)

FH 2 Psychiatric Disease

Yes 24 (24.5) 10 (10.2) 14 (14.3)

No 77 (16.6) 30 (6.5) 41 (8.8)

Body Mass Index 3

Underweight 17 (21.8) 0 (0)* 14 (18.0)**

Normal weight 16 (11.3) 12 (8.5)* 2 (1.4)**

Overweight 30 (17.7) 11 (6.5)* 18 (10.6)**

Obese 38 (22.0) 17 (9.8)* 21 (12.1)**

*p<0.05 (Chi-square test);

**p<0.001 (Chi-square test);
1 Missing for 57 participants (20 normal weight, 9 overweight and 28 obese);
2 FH = Family History of;
3 Participants were classified as Underweight (BMI <18.5 Kg/m2), Normal weight (BMI 18.5–24.99 Kg/m2), Overweight (BMI 25.0–29.99 Kg/m2) and

Obese (BMI �30 Kg/m2)

doi:10.1371/journal.pone.0145414.t003
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studies. There are population-based studies, however, that didn’t find any relationship between
substance-related disorders and BMI[14,27,49], and even studies like Petry et al.[11] that
found an inverse relationship between nicotine dependence and high BMI and a direct rela-
tionship between alcohol-related disorders and high BMI.

Relationship between eating disorders and BMI is well known in the literature, and their
clinical definition link them with body weight[48]. In our sample, individuals with anorexia
nervosa displayed low BMI, and the reverse pattern was found for binge eating disorders.
These results are consistent with current knowledge[50–52].

Regarding PDs and body weight, our results are not supported by previous studies in other
populations. To the best of our knowledge, only four studies assess the relationship between
PDs and BMI using nationally representative data[11,31,32,53], but all of these studies are
based on data from the National Epidemiologic Survey on Alcohol and Related Conditions
(NESARC), so their results are similar. Those studies that include underweight participants
[11,31] didn’t find an inverse relationship between cluster A PDs and underweight or a direct
relationship between cluster C PDs and underweight. On the contrary, Mather et al. [31]
observed that underweight women have higher risk of schizoid PD (cluster A) and Petry et al.
[11] found that avoidant PD (cluster C) was inversely associated with underweight.

Nevertheless, based on the defining characteristics of PDs, our results may be explained.
People with cluster A PDs are described as odd or eccentric, have strange cognitions or ideas
and have difficulty relating to others. They avoid activities that require personal interactions
like sports, and due to their introversion, they don’t mind their body image. These features of
people with cluster A PDs may promote weight gain and would explain the inverse relationship

Fig 4. Odds ratio and percentage of cluster A and C personality disorders across the continuum of BMI. (A) Adjusted by age, gender, paid work,
educational level, family history of psychiatric disease and substance-related disorders; (B) Adjusted by age, gender, live alone, family history of obesity,
family history of psychiatric disease, anxiety and eating disorders; CI = confidence interval.

doi:10.1371/journal.pone.0145414.g004
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observed between cluster A PDs and underweight. This hypothesis may be supported by stud-
ies like Rosmond et al.[54,55] which found that people with cluster A PDs showed the highest
BMI compared with others PDs clusters and controls, in both men and women.

Following a similar reasoning, people with cluster C PDs are habitually anxious, fearful and
excessively afraid of feeling out of control. The relationship observed between underweight and
cluster C PDs is based mainly on avoidant or dependent PD (13 of the 14 underweight partici-
pants diagnosed with a cluster C PD had one of those PDs). People with these PDs share a
hypersensitivity to negative evaluation, are easily hurt by criticism or disapproval, and may
look for a low body weight to prevent unwanted criticism.

Another possible explanation of the relationship observed between avoidant/dependent
PDs and underweight, may be the strong statistical association observed between these PDs
and anorexia or bulimia nervosa. These findings are concordant with those of a meta-analysis
reported by Bornstein[56] who showed that the PDs most commonly associated with anorexia
and bulimia nervosa were avoidant and dependent.

Due to the cross-sectional nature of our study, the clinical implications of our results are
limited by the unknown direction of causality between body weight and mental health. If we
assume that psychiatric disorders may motivate unhealthy weight (underweight or obesity),
physicians should be caution with psychiatric patients in order to avoid unhealthy changes of
weight. This assumption also implies that the treatment of unhealthy weight patients should be
accompanied by a psychiatric assessment and treatment (if necessary) because this may be the
underlying cause of an extreme body weight. Two examples of the above are the psychological
screening of bariatric surgery candidates, which optimizes their postoperative outcomes[10],
or the association between the absence of psychopathology and weight recovery in females
with anorexia nervosa[57]. And vice versa, if we suppose that unhealthy body weight may
cause psychiatric disorders, physicians should treat abnormal body weight in order to prevent
or improve mental disorders in their patients. An example of the above are the changes in
symptoms of depression associated to weight loss[9]. In any case, treatment of mental and
body weight disorders should not be independent.

Although our study established significant associations between psychiatric disorders and
BMI, there were several limitations for this study. First, in order to avoid lack of statistical
power, we have not carried out the analysis separately for men and women, so the effect of the
gender interaction has not been studied. Second, as we mentioned above, this study was cross-
sectional and no conclusions can be drawn regarding etiological or causal relationships. Third,
although we have adjusted for socio-demographic covariates, we did not have information on
other conditions that may have affected the associations between BMI and psychiatric disor-
ders. For example, our participants had not been diagnosed with a psychiatric disease before
their inclusion in the study. Probably, they weren't taking any medication related to mental dis-
eases with side effects as weight gain, but we have not information about it. Fourth, although
and experienced psychiatrist made all diagnoses through structured clinical interviews, a sin-
gle-observer bias could be present in this study. And finally, our participants were recruited
from those who came to his primary care physician with a disease not related with body weight
or mental health, so they are not representative of the general population.

Despite these limitations, this study has some strengths. First, psychiatric disorders were
diagnosed by structured clinical interviews. This procedure improves the accuracy and preci-
sion of the measurement. Second, the non-proportional stratified sample allows us to include a
sufficient number of participants in all BMI categories to explore the shape of the relationship
with enough statistical power. Finally, the wide assessment of participant’s psychiatric status
(Axes I and II) offers us a more comprehensive understanding of the relationship between BMI
and psychiatric diseases.
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Conclusions
In conclusion, we have investigated the association between DSM-IV Axes I and II disorders
and BMI in a Mediterranean population. Our findings suggest that high body weight is directly
associated with mood and adjustment disorders, and low body weight is directly associated
with avoidant and dependent PDs. Our results also suggest an inverse relationship between
cluster A PDs and low body weight. Neither psychiatric nor body weight disorders should be
treated separately. Knowledge and understanding of their comorbidity may help clinicians to
provide the best intervention for their patients, and a multidisciplinary approach to both
pathologies becomes increasingly more necessary.

Supporting Information
S1 File. Dataset underlying the findings in the study.
(XLSX)

Author Contributions
Conceived and designed the experiments: MGB EVM. Performed the experiments: EVM. Ana-
lyzed the data: MGB AGR CMB AM. Wrote the paper: MGB AGR CMB AM.

References
1. Lopresti AL, Drummond PD. Obesity and psychiatric disorders: Commonalities in dysregulated biologi-

cal pathways and their implications for treatment. Prog Neuro-Psychopharmacology Biol Psychiatry.
2013; 45: 92–99. Available: http://www.scopus.com/inward/record.url?eid=2-s2.0-
84878881481&partnerID=40&md5=a1b03ade3b5cb2802594bda3b7228d24.

2. Berkowitz RI, Fabricatore AN. Obesity, psychiatric status, and psychiatric medications. Psychiatr Clin
North Am. 2011; 34: 747–764. Available: http://www.scopus.com/inward/record.url?eid=2-s2.0-
81355164060&partnerID=40&md5=9eaf8c4b7f3577ae7c0e7480cb1c0a9b. doi: 10.1016/j.psc.2011.
08.007 PMID: 22098801

3. Faith MS, Butryn M, Wadden TA, Fabricatore A, Nguyen AM, Heymsfield SB. Evidence for prospective
associations among depression and obesity in population-based studies. Obes Rev. 2011; 12: e438–
e453. Available: http://www.scopus.com/inward/record.url?eid=2-s2.0-79955013404&partnerID=
40&md5=5bc0473dc44ccece0249dbd9073f13a2. doi: 10.1111/j.1467-789X.2010.00843.x PMID:
21414128

4. Luppino FS, deWit LM, Bouvy PF, Stijnen T, Cuijpers P, Penninx BW, et al. Overweight, obesity, and
depression: a systematic review and meta-analysis of longitudinal studies. Arch Gen Psychiatry.
Department of Psychiatry, Leiden University Medical Center, Albinusdreef 2, 2333 ZA Leiden, the Neth-
erlands. f.s.lent-luppino@lumc.nl; 2010; 67: 220–229. doi: 10.1001/archgenpsychiatry.2010.2 PMID:
20194822

5. Vos T, Barber RM, Bell B, Bertozzi-Villa A, Biryukov S, Bolliger I, et al. Global, regional, and national
incidence, prevalence, and years lived with disability for 301 acute and chronic diseases and injuries in
188 countries, 1990–2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet.
Elsevier; 2015; 386: 743–800. doi: 10.1016/S0140-6736(15)60692-4

6. NgM, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global, regional, and national
prevalence of overweight and obesity in children and adults during 1980–2013: a systematic analysis
for the Global Burden of Disease Study 2013. Lancet. 2014; 384: 766–81. doi: 10.1016/S0140-6736
(14)60460-8 PMID: 24880830

7. Collins PY, Patel V, Joestl SS, March D, Insel TR, Daar AS, et al. Grand challenges in global mental
health. Nature. Nature Publishing Group, a division of Macmillan Publishers Limited. All Rights
Reserved.; 2011; 475: 27–30. doi: 10.1038/475027a PMID: 21734685

8. Wittchen HU, Jacobi F, Rehm J, Gustavsson A, Svensson M, Jönsson B, et al. The size and burden of
mental disorders and other disorders of the brain in Europe 2010. Eur Neuropsychopharmacol. 2011;
21: 655–79. doi: 10.1016/j.euroneuro.2011.07.018 PMID: 21896369

9. Fabricatore AN, Wadden TA, Higginbotham AJ, Faulconbridge LF, Nguyen AM, Heymsfield SB, et al.
Intentional weight loss and changes in symptoms of depression: a systematic review and meta-analy-
sis. Int J Obes (Lond). 2011; 35: 1363–76. doi: 10.1038/ijo.2011.2

Psychiatric Status and Body Mass Index

PLOS ONE | DOI:10.1371/journal.pone.0145414 December 18, 2015 14 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0145414.s001
http://www.scopus.com/inward/record.url?eid=2-s2.0-84878881481&partnerID=40&md5=a1b03ade3b5cb2802594bda3b7228d24
http://www.scopus.com/inward/record.url?eid=2-s2.0-84878881481&partnerID=40&md5=a1b03ade3b5cb2802594bda3b7228d24
http://www.scopus.com/inward/record.url?eid=2-s2.0-81355164060&partnerID=40&md5=9eaf8c4b7f3577ae7c0e7480cb1c0a9b
http://www.scopus.com/inward/record.url?eid=2-s2.0-81355164060&partnerID=40&md5=9eaf8c4b7f3577ae7c0e7480cb1c0a9b
http://dx.doi.org/10.1016/j.psc.2011.08.007
http://dx.doi.org/10.1016/j.psc.2011.08.007
http://www.ncbi.nlm.nih.gov/pubmed/22098801
http://www.scopus.com/inward/record.url?eid=2-s2.0-79955013404&partnerID=40&md5=5bc0473dc44ccece0249dbd9073f13a2
http://www.scopus.com/inward/record.url?eid=2-s2.0-79955013404&partnerID=40&md5=5bc0473dc44ccece0249dbd9073f13a2
http://dx.doi.org/10.1111/j.1467-789X.2010.00843.x
http://www.ncbi.nlm.nih.gov/pubmed/21414128
http://dx.doi.org/10.1001/archgenpsychiatry.2010.2
http://www.ncbi.nlm.nih.gov/pubmed/20194822
http://dx.doi.org/10.1016/S0140-6736(15)60692-4
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://www.ncbi.nlm.nih.gov/pubmed/24880830
http://dx.doi.org/10.1038/475027a
http://www.ncbi.nlm.nih.gov/pubmed/21734685
http://dx.doi.org/10.1016/j.euroneuro.2011.07.018
http://www.ncbi.nlm.nih.gov/pubmed/21896369
http://dx.doi.org/10.1038/ijo.2011.2


10. Marek RJ, Ben-Porath YS, Merrell J, Ashton K, Heinberg LJ. Predicting One and Three Month Postop-
erative Somatic Concerns, Psychological Distress, and Maladaptive Eating Behaviors in Bariatric Sur-
gery Candidates with the Minnesota Multiphasic Personality Inventory-2 Restructured Form (MMPI-2-
RF). Obes Surg. Department of Psychology, Kent State University, Kent, OH, 44242, USA, rmar-
ek1@kent.edu.; 2014; 24: 631–639. doi: 10.1007/s11695-013-1149-y PMID: 24421155

11. Petry NM, Barry D, Pietrzak RH, Wagner JA. Overweight and obesity are associated with psychiatric
disorders: results from the National Epidemiologic Survey on Alcohol and Related Conditions. Psycho-
somMed. Department of Psychiatry, University of Connecticut Health Center, 263 Farmington Avenue,
Farmington, CT 06030–3944, USA. petry@psychiatry.uchc.edu; 2008; 70: 288–297. doi: 10.1097/
PSY.0b013e3181651651 PMID: 18378873

12. Revah-Levy A, Speranza M, Barry C, Hassler C, Gasquet I, Moro M-R, et al. Association between Body
Mass Index and depression: The “fat and jolly” hypothesis for adolescents girls. BMC Public Health.
2011; 11. Available: http://www.scopus.com/inward/record.url?eid=2-s2.0-80051613612&partnerID=
40&md5=ca9fbfb3cdd580261823e753edc1e39f.

13. Zhao G, Ford ES, Dhingra S, Li C, Strine TW, Mokdad AH. Depression and anxiety among US adults:
associations with body mass index. Int J Obes (Lond). Division of Adult and Community Health,
National Center for Chronic Disease Prevention and Health Promotion, Centers for Disease Control
and Prevention, Atlanta, GA 30341, USA. GZhao@cdc.gov; 2009; 33: 257–266. doi: 10.1038/ijo.2008.
268

14. Scott KM, McGee MA, Wells JE, Oakley Browne MA. Obesity and mental disorders in the adult general
population. J Psychosom Res. Department of Psychological Medicine, Wellington School of Medicine
and Health Sciences, Otago University, New Zealand. kate.scott@otago.ac.nz <kate.scott@otago.ac.
nz>; 2008; 64: 97–105. doi: 10.1016/j.jpsychores.2007.09.006 PMID: 18158005

15. Stanley SH, Laugharne JDE, Addis S, Sherwood D. Assessing overweight and obesity across mental
disorders: Personality disorders at high risk. Soc Psychiatry Psychiatr Epidemiol. 2013; 48: 487–492.
Available: http://www.scopus.com/inward/record.url?eid=2-s2.0-84878350440&partnerID=40&md5=
65340c1a2b98624a9ee3ab110b8b6e52. doi: 10.1007/s00127-012-0546-1 PMID: 22760817

16. Pickering RP, Goldstein RB, Hasin DS, Blanco C, Smith SM, Huang B, et al. 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
Psychiatry. 2011; 72: 1494–1502. Available: http://www.scopus.com/inward/record.url?eid=2-s2.0-
81755181090&partnerID=40&md5=35d0ffcb43722f90701a29d390bcd63b. doi: 10.4088/JCP.
10m06077gry PMID: 21457678

17. Mather AA, Cox BJ, Enns MW, Sareen J. Associations of obesity with psychiatric disorders and suicidal
behaviors in a nationally representative sample. J Psychosom Res. 2009; 66: 277–285. Available:
http://www.scopus.com/inward/record.url?eid=2-s2.0-62149131462&partnerID=40&md5=
0eecbcafb1e434df79b88318a30be042. doi: 10.1016/j.jpsychores.2008.09.008 PMID: 19302884

18. Bruffaerts R, Demyttenaere K, Vilagut G, Martinez M, Bonnewyn A, De Graaf R, et al. The relation
between body mass index, mental health, and functional disability: A European population perspective.
Can J Psychiatry. 2008; 53: 679–688. Available: http://www.scopus.com/inward/record.url?eid=2-s2.0-
55449126009&partnerID=40&md5=f4b8b666c126ad638b6c6770d1d4cebc. PMID: 18940036

19. McLaren L, Beck CA, Patten SB, Fick GH, Adair CE. The relationship between body mass index and
mental health. Soc Psychiatry Psychiatr Epidemiol. 2008; 43: 63–71. Available: http://www.scopus.
com/inward/record.url?eid=2-s2.0-37549064744&partnerID=40&md5=
a9b116f82c2f887d8e51164bcc0fc116. PMID: 17960318

20. McElroy SL, Kotwal R, Malhotra S, Nelson EB, Keck PE, Nemeroff CB. Are Mood Disorders and Obe-
sity Related? A Review for the Mental Health Professional. J Clin Psychiatry. 2004; 65: 634–651. doi:
10.4088/JCP.v65n0507 PMID: 15163249

21. Goldney RD, Dunn KI, Air TM, Dal Grande E, Taylor AW. Relationships between body mass index,
mental health, and suicidal ideation: Population perspective using two methods. Aust N Z J Psychiatry.
2009; 43: 652–658. Available: http://www.scopus.com/inward/record.url?eid=2-s2.0-
68049109458&partnerID=40&md5=9982b50604adf52fc8760d60b4abc26d. doi: 10.1080/
00048670902970825 PMID: 19530022

22. Pan A, Sun Q, Czernichow S, Kivimaki M, Okereke OI, Lucas M, et al. Bidirectional association
between depression and obesity in middle-aged and older women. Int J Obes. 2012; 36: 595–602.
Available: http://www.scopus.com/inward/record.url?eid=2-s2.0-84859641006&partnerID=40&md5=
7868f1690ec52f6c5865f3623afb872a.

23. deWit L, Luppino F, van Straten A, Penninx B, Zitman F, Cuijpers P. Depression and obesity: a meta-
analysis of community-based studies. Psychiatry Res. Department of Clinical Psychology and EMGO-
Institute, VU University Amsterdam, Van der Boechorststraat 1, 1081 BT, Amsterdam, The Nether-
lands. lm.de.wit@psy.vu.nl: Elsevier Ltd; 2010; 178: 230–235. doi: 10.1016/j.psychres.2009.04.015
PMID: 20462641

Psychiatric Status and Body Mass Index

PLOS ONE | DOI:10.1371/journal.pone.0145414 December 18, 2015 15 / 17

http://dx.doi.org/10.1007/s11695-013-1149-y
http://www.ncbi.nlm.nih.gov/pubmed/24421155
http://dx.doi.org/10.1097/PSY.0b013e3181651651
http://dx.doi.org/10.1097/PSY.0b013e3181651651
http://www.ncbi.nlm.nih.gov/pubmed/18378873
http://www.scopus.com/inward/record.url?eid=2-s2.0-80051613612&partnerID=40&md5=ca9fbfb3cdd580261823e753edc1e39f
http://www.scopus.com/inward/record.url?eid=2-s2.0-80051613612&partnerID=40&md5=ca9fbfb3cdd580261823e753edc1e39f
http://dx.doi.org/10.1038/ijo.2008.268
http://dx.doi.org/10.1038/ijo.2008.268
http://dx.doi.org/10.1016/j.jpsychores.2007.09.006
http://www.ncbi.nlm.nih.gov/pubmed/18158005
http://www.scopus.com/inward/record.url?eid=2-s2.0-84878350440&partnerID=40&md5=65340c1a2b98624a9ee3ab110b8b6e52
http://www.scopus.com/inward/record.url?eid=2-s2.0-84878350440&partnerID=40&md5=65340c1a2b98624a9ee3ab110b8b6e52
http://dx.doi.org/10.1007/s00127-012-0546-1
http://www.ncbi.nlm.nih.gov/pubmed/22760817
http://www.scopus.com/inward/record.url?eid=2-s2.0-81755181090&partnerID=40&md5=35d0ffcb43722f90701a29d390bcd63b
http://www.scopus.com/inward/record.url?eid=2-s2.0-81755181090&partnerID=40&md5=35d0ffcb43722f90701a29d390bcd63b
http://dx.doi.org/10.4088/JCP.10m06077gry
http://dx.doi.org/10.4088/JCP.10m06077gry
http://www.ncbi.nlm.nih.gov/pubmed/21457678
http://www.scopus.com/inward/record.url?eid=2-s2.0-62149131462&partnerID=40&md5=0eecbcafb1e434df79b88318a30be042
http://www.scopus.com/inward/record.url?eid=2-s2.0-62149131462&partnerID=40&md5=0eecbcafb1e434df79b88318a30be042
http://dx.doi.org/10.1016/j.jpsychores.2008.09.008
http://www.ncbi.nlm.nih.gov/pubmed/19302884
http://www.scopus.com/inward/record.url?eid=2-s2.0-55449126009&partnerID=40&md5=f4b8b666c126ad638b6c6770d1d4cebc
http://www.scopus.com/inward/record.url?eid=2-s2.0-55449126009&partnerID=40&md5=f4b8b666c126ad638b6c6770d1d4cebc
http://www.ncbi.nlm.nih.gov/pubmed/18940036
http://www.scopus.com/inward/record.url?eid=2-s2.0-37549064744&partnerID=40&md5=a9b116f82c2f887d8e51164bcc0fc116
http://www.scopus.com/inward/record.url?eid=2-s2.0-37549064744&partnerID=40&md5=a9b116f82c2f887d8e51164bcc0fc116
http://www.scopus.com/inward/record.url?eid=2-s2.0-37549064744&partnerID=40&md5=a9b116f82c2f887d8e51164bcc0fc116
http://www.ncbi.nlm.nih.gov/pubmed/17960318
http://dx.doi.org/10.4088/JCP.v65n0507
http://www.ncbi.nlm.nih.gov/pubmed/15163249
http://www.scopus.com/inward/record.url?eid=2-s2.0-68049109458&partnerID=40&md5=9982b50604adf52fc8760d60b4abc26d
http://www.scopus.com/inward/record.url?eid=2-s2.0-68049109458&partnerID=40&md5=9982b50604adf52fc8760d60b4abc26d
http://dx.doi.org/10.1080/00048670902970825
http://dx.doi.org/10.1080/00048670902970825
http://www.ncbi.nlm.nih.gov/pubmed/19530022
http://www.scopus.com/inward/record.url?eid=2-s2.0-84859641006&partnerID=40&md5=7868f1690ec52f6c5865f3623afb872a
http://www.scopus.com/inward/record.url?eid=2-s2.0-84859641006&partnerID=40&md5=7868f1690ec52f6c5865f3623afb872a
http://dx.doi.org/10.1016/j.psychres.2009.04.015
http://www.ncbi.nlm.nih.gov/pubmed/20462641


24. Atlantis E, Baker M. Obesity effects on depression: systematic review of epidemiological studies. Int J
Obes (Lond). Exercise, Health and Performance Faculty Research Group, Faculty of Health Sciences,
The University of Sydney, Sydney, New South Wales, Australia. E.Atlantis@usyd.edu.au; 2008; 32:
881–891. doi: 10.1038/ijo.2008.54

25. Henriksen CA, Mather AA, Mackenzie CS, Bienvenu OJ, Sareen J. Longitudinal associations of obesity
with affective disorders and suicidality in the baltimore epidemiologic catchment area follow-up study. J
Nerv Ment Dis. 2014; 202: 379–385. Available: http://www.scopus.com/inward/record.url?eid=2-s2.0-
84899956546&partnerID=40&md5=0fe1e15b4538e466a3b167657f987744. doi: 10.1097/NMD.
0000000000000135 PMID: 24727724

26. Roberts RE, Deleger S, Strawbridge WJ, Kaplan GA. Prospective association between obesity and
depression: evidence from the Alameda County Study. Int J Obes Relat Metab Disord. 2003; 27: 514–
21. doi: 10.1038/sj.ijo.0802204 PMID: 12664085

27. Scott KM, Bruffaerts R, Simon GE, Alonso J, Angermeyer M, de Girolamo G, et al. Obesity and mental
disorders in the general population: results from the world mental health surveys. Int J Obes (Lond).
Wellington School of Medicine and Health Sciences, Otago University, Wellington, New Zealand. kate.
scott@otago.ac.nz; 2008; 32: 192–200. doi: 10.1038/sj.ijo.0803701

28. Barry D, Pietrzak RH, Petry NM. Gender Differences in Associations Between Body Mass Index and
DSM-IV Mood and Anxiety Disorders: Results from the National Epidemiologic Survey on Alcohol and
Related Conditions. Ann Epidemiol. 2008; 18: 458–466. Available: http://www.scopus.com/inward/
record.url?eid=2-s2.0-44649169121&partnerID=40&md5=8efe42e2820d6ea536c049b013d478e8.
doi: 10.1016/j.annepidem.2007.12.009 PMID: 18329894

29. Simon GE, Von Korff M, Saunders K, Miglioretti DL, Crane PK, van Belle G, et al. Association between
obesity and psychiatric disorders in the US adult population. Arch Gen Psychiatry. Center for Health
Studies, Group Health Cooperative, Seattle, WA 98101, USA. simon.g@ghc.org; 2006; 63: 824–830.
doi: 10.1001/archpsyc.63.7.824 PMID: 16818872

30. Lenzenweger MF, Lane MC, Loranger AW, Kessler RC. DSM-IV personality disorders in the National
Comorbidity Survey Replication. Biol Psychiatry. 2007; 62: 553–64. doi: 10.1016/j.biopsych.2006.09.
019 PMID: 17217923

31. Mather AA, Cox BJ, Enns MW, Sareen J. Associations between body weight and personality disorders
in a nationally representative sample. PsychosomMed. 2008; 70: 1012–1019. Available: http://www.
scopus.com/inward/record.url?eid=2-s2.0-59849114237&partnerID=40&md5=
77efb5e7ab11ae999137de465a9298e3. doi: 10.1097/PSY.0b013e318189a930 PMID: 18842749

32. Pickering RP, Grant BF, Chou SP, ComptonWM. Are overweight, obesity, and extreme obesity associ-
ated with psychopathology? Results from the National Epidemiologic Survey on Alcohol and Related
Conditions. J Clin Psychiatry. 2007; 68: 998–1009. Available: http://www.scopus.com/inward/record.
url?eid=2-s2.0-34548331146&partnerID=40&md5=58e398754d577b96e3c930afa793daf5. PMID:
17685734

33. Martínez E V, Gutiérrez-Bedmar M, García-Rodríguez A, Mariscal A, Muñoz-Bravo C, Navajas JFC.
Weight status and psychological distress in a mediterranean spanish population: A Symmetric U-
shaped relationship. Nutrients. 2014; 6: 1662–1677. Available: http://www.scopus.com/inward/record.
url?eid=2-s2.0-84899150541&partnerID=40&md5=499728a74b0e01898781f65db89e61e1. doi: 10.
3390/nu6041662 PMID: 24763112

34. McCrea RL, Berger YG, King MB. Body mass index and commonmental disorders: exploring the
shape of the association and its moderation by age, gender and education. Int J Obes (Lond). Depart-
ment of Mental Health Sciences, University College London, London, UK. r.mccrea@medsch.ucl.ac.
uk; 2012; 36: 414–421. doi: 10.1038/ijo.2011.65

35. Kelly SJ, Daniel M, Dal Grande E, Taylor A. Mental ill-health across the continuum of body mass index.
BMC Public Health. Social Epidemiology and Evaluation Group, Sansom Institute for Health Research,
University of South Australia, Australia. shona.kelly@unisa.edu.au; 2011; 11: 765. doi: 10.1186/1471-
2458-11-765 PMID: 21975214

36. deWit LM, van Straten A, van Herten M, Penninx BW, Cuijpers P. Depression and body mass index, a
u-shaped association. BMC Public Health. Department of Clinical Psychology and EMGO-Institute, VU
University Amsterdam, van der Boechorststraat 1, 1081 BT, Amsterdam, The Netherlands. lm.de.
wit@psy.vu.nl; 2009; 9: 14. doi: 10.1186/1471-2458-9-14 PMID: 19144098

37. Rienks J, Dobson AJ, Mishra GD. Mediterranean dietary pattern and prevalence and incidence of
depressive symptoms in mid-aged women: results from a large community-based prospective study.
Eur J Clin Nutr. Division of Human Nutrition, Wageningen University, Wageningen, The Netherlands.;
2013; 67: 75–82. doi: 10.1038/ejcn.2012.193 PMID: 23212131

38. Sanchez-Villegas A, Martinez-Gonzalez MA, Estruch R, Salas-Salvado J, Corella D, Covas MI, et al.
Mediterranean dietary pattern and depression: the PREDIMED randomized trial. BMCMed. Biomedical
Research Center Network on Obesity and Nutrition (CIBERobn) Physiopathology of Obesity and

Psychiatric Status and Body Mass Index

PLOS ONE | DOI:10.1371/journal.pone.0145414 December 18, 2015 16 / 17

http://dx.doi.org/10.1038/ijo.2008.54
http://www.scopus.com/inward/record.url?eid=2-s2.0-84899956546&partnerID=40&md5=0fe1e15b4538e466a3b167657f987744
http://www.scopus.com/inward/record.url?eid=2-s2.0-84899956546&partnerID=40&md5=0fe1e15b4538e466a3b167657f987744
http://dx.doi.org/10.1097/NMD.0000000000000135
http://dx.doi.org/10.1097/NMD.0000000000000135
http://www.ncbi.nlm.nih.gov/pubmed/24727724
http://dx.doi.org/10.1038/sj.ijo.0802204
http://www.ncbi.nlm.nih.gov/pubmed/12664085
http://dx.doi.org/10.1038/sj.ijo.0803701
http://www.scopus.com/inward/record.url?eid=2-s2.0-44649169121&partnerID=40&md5=8efe42e2820d6ea536c049b013d478e8
http://www.scopus.com/inward/record.url?eid=2-s2.0-44649169121&partnerID=40&md5=8efe42e2820d6ea536c049b013d478e8
http://dx.doi.org/10.1016/j.annepidem.2007.12.009
http://www.ncbi.nlm.nih.gov/pubmed/18329894
http://dx.doi.org/10.1001/archpsyc.63.7.824
http://www.ncbi.nlm.nih.gov/pubmed/16818872
http://dx.doi.org/10.1016/j.biopsych.2006.09.019
http://dx.doi.org/10.1016/j.biopsych.2006.09.019
http://www.ncbi.nlm.nih.gov/pubmed/17217923
http://www.scopus.com/inward/record.url?eid=2-s2.0-59849114237&partnerID=40&md5=77efb5e7ab11ae999137de465a9298e3
http://www.scopus.com/inward/record.url?eid=2-s2.0-59849114237&partnerID=40&md5=77efb5e7ab11ae999137de465a9298e3
http://www.scopus.com/inward/record.url?eid=2-s2.0-59849114237&partnerID=40&md5=77efb5e7ab11ae999137de465a9298e3
http://dx.doi.org/10.1097/PSY.0b013e318189a930
http://www.ncbi.nlm.nih.gov/pubmed/18842749
http://www.scopus.com/inward/record.url?eid=2-s2.0-34548331146&partnerID=40&md5=58e398754d577b96e3c930afa793daf5
http://www.scopus.com/inward/record.url?eid=2-s2.0-34548331146&partnerID=40&md5=58e398754d577b96e3c930afa793daf5
http://www.ncbi.nlm.nih.gov/pubmed/17685734
http://www.scopus.com/inward/record.url?eid=2-s2.0-84899150541&partnerID=40&md5=499728a74b0e01898781f65db89e61e1
http://www.scopus.com/inward/record.url?eid=2-s2.0-84899150541&partnerID=40&md5=499728a74b0e01898781f65db89e61e1
http://dx.doi.org/10.3390/nu6041662
http://dx.doi.org/10.3390/nu6041662
http://www.ncbi.nlm.nih.gov/pubmed/24763112
http://dx.doi.org/10.1038/ijo.2011.65
http://dx.doi.org/10.1186/1471-2458-11-765
http://dx.doi.org/10.1186/1471-2458-11-765
http://www.ncbi.nlm.nih.gov/pubmed/21975214
http://dx.doi.org/10.1186/1471-2458-9-14
http://www.ncbi.nlm.nih.gov/pubmed/19144098
http://dx.doi.org/10.1038/ejcn.2012.193
http://www.ncbi.nlm.nih.gov/pubmed/23212131


Nutrition, Institute of Health Carlos III, Madrid, Spain. asanchez@dcc.ulpgc.es.; 2013; 11: 208. doi: 10.
1186/1741-7015-11-208 PMID: 24229349

39. Beunza JJ, Toledo E, Hu FB, Bes-Rastrollo M, Serrano-Martinez M, Sanchez-Villegas A, et al. Adher-
ence to the Mediterranean diet, long-termweight change, and incident overweight or obesity: the Segui-
miento Universidad de Navarra (SUN) cohort. Am J Clin Nutr. Department of Preventive Medicine,
Harvard School of Public Health, Boston, MA, USA.; 2010; 92: 1484–1493. doi: 10.3945/ajcn.2010.
29764 PMID: 20962161

40. Esposito K, Kastorini CM, Panagiotakos DB, Giugliano D. Mediterranean diet and weight loss: meta-
analysis of randomized controlled trials. Metab Syndr Relat Disord. Department of Geriatrics and Meta-
bolic Diseases, Second University of Naples, Naples, Italy. katherine.esposito@unina2.it; 2011; 9: 1–
12. doi: 10.1089/met.2010.0031 PMID: 20973675

41. American Psychiatric Association. Diagnostic and statistical manual of mental disorders: DSM-IV-TR.
New York American Psychiatric Press Inc. 2000.

42. World Health Organization. Physical status: the use and interpretation of anthropometry. Report of a
WHO Expert Committee. World Health Organ Tech.Rep.Ser. 1995.

43. Harrell FE Jr.. Regression modeling strategies: with applications to linear models, logistic regression,
and survival analysis. New York: Springer Science+Business Media, Inc.; 2001.

44. Hosmer DW, Lemeshow S. Applied Logistic Regression. New York: JohnWiley & Sons, Inc.; 2000.

45. Orsini N. Tabulate and plot measures of association after restricted cubic spline models. In: 3rd Nordic
and Baltic countries Stata Users Group meeting [Internet]. 2009. Available: http://www.stata.com/
meeting/sweden09/se09_orsini.pdf.

46. Casey P, Bailey S. Adjustment disorders: the state of the art. World Psychiatry. 2011; 10: 11–8. Avail-
able: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3048515&tool =
pmcentrez&rendertype = abstract. PMID: 21379346

47. Harding JL, Backholer K, Williams ED, Peeters A, Cameron AJ, Hare MJ, et al. Psychosocial stress is
positively associated with body mass index gain over 5 years: evidence from the longitudinal AusDiab
study. Obesity (Silver Spring). 2014; 22: 277–86. doi: 10.1002/oby.20423

48. Association. AP, DSM-IV. APATF on. Diagnostic and statistical manual of mental disorders: DSM-IV-
TR. Washington, DC: American Psychiatric Association; 2000.

49. Hach I, Ruhl UE, Klose M, Klotsche J, Kirch W, Jacobi F. Obesity and the risk for mental disorders in a
representative German adult sample. Eur J Public Health. 2007; 17: 297–305. Available: http://www.
scopus.com/inward/record.url?eid=2-s2.0-34548438598&partnerID=40&md5=
83ca88085f17fe472a93831a4b60df76. PMID: 16973642

50. Marcus MD, Wildes JE. Disordered eating in obese individuals. Curr Opin Psychiatry. 2014; 27: 443–7.
doi: 10.1097/YCO.0000000000000103 PMID: 25247456

51. Kessler RC, Berglund PA, Chiu WT, Deitz AC, Hudson JI, Shahly V, et al. The prevalence and corre-
lates of binge eating disorder in theWorld Health OrganizationWorld Mental Health Surveys. Biol Psy-
chiatry. 2013; 73: 904–14. doi: 10.1016/j.biopsych.2012.11.020 PMID: 23290497

52. Hudson JI, Hiripi E, Pope HG, Kessler RC. The prevalence and correlates of eating disorders in the
National Comorbidity Survey Replication. Biol Psychiatry. 2007; 61: 348–58. doi: 10.1016/j.biopsych.
2006.03.040 PMID: 16815322

53. Maclean JC, Xu H, French MT, Ettner SL. Personality disorders and body weight. Econ Hum Biol.
2014; 12: 153–171. Available: http://www.scopus.com/inward/record.url?eid=2-s2.0-
84893670901&partnerID=40&md5=42cb8f7d6afeee273bb0b757e7c0680d. doi: 10.1016/j.ehb.2013.
10.002 PMID: 24268441

54. Rosmond R, Baghei F, Holm G, Björntorp P. Relationships between personality disorders and anthro-
pometry, hormones and metabolism in women. J Endocrinol Invest. 2001; 24: 159–165. Available:
http://www.scopus.com/inward/record.url?eid=2-s2.0-0035068794&partnerID=tZOtx3y1. PMID:
11314744

55. Rosmond R, Eriksson E, Björntorp P. Personality disorders in relation to anthropometric, endocrine and
metabolic factors. J Endocrinol Invest. 1999; 22: 279–288. Available: http://www.scopus.com/inward/
record.url?eid=2-s2.0-0032926504&partnerID=tZOtx3y1. PMID: 10342362

56. Bornstein RF. A Meta-Analysis of the Dependency–Eating-Disorders Relationship: Strength, Specific-
ity, and Temporal Stability. J Psychopathol Behav Assess. Kluwer Academic Publishers-Plenum Pub-
lishers; 23: 151–162. doi: 10.1023/A:1010913203679

57. Schneider N, Salbach-Andrae H, Merle J V, Hein J, Pfeiffer E, Lehmkuhl U, et al. Psychopathology in
underweight and weight-recovered females with anorexia nervosa. Eat Weight Disord. Department of
Child and Adolescent Psychiatry, Psychosomatics and Psychotherapy, CVK, Berlin, Germany.; 2009;
14: e205–11. PMID: 20179407

Psychiatric Status and Body Mass Index

PLOS ONE | DOI:10.1371/journal.pone.0145414 December 18, 2015 17 / 17

http://dx.doi.org/10.1186/1741-7015-11-208
http://dx.doi.org/10.1186/1741-7015-11-208
http://www.ncbi.nlm.nih.gov/pubmed/24229349
http://dx.doi.org/10.3945/ajcn.2010.29764
http://dx.doi.org/10.3945/ajcn.2010.29764
http://www.ncbi.nlm.nih.gov/pubmed/20962161
http://dx.doi.org/10.1089/met.2010.0031
http://www.ncbi.nlm.nih.gov/pubmed/20973675
http://www.stata.com/meeting/sweden09/se09_orsini.pdf
http://www.stata.com/meeting/sweden09/se09_orsini.pdf
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3048515&tool�=�pmcentrez&rendertype�=�abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3048515&tool�=�pmcentrez&rendertype�=�abstract
http://www.ncbi.nlm.nih.gov/pubmed/21379346
http://dx.doi.org/10.1002/oby.20423
http://www.scopus.com/inward/record.url?eid=2-s2.0-34548438598&partnerID=40&md5=83ca88085f17fe472a93831a4b60df76
http://www.scopus.com/inward/record.url?eid=2-s2.0-34548438598&partnerID=40&md5=83ca88085f17fe472a93831a4b60df76
http://www.scopus.com/inward/record.url?eid=2-s2.0-34548438598&partnerID=40&md5=83ca88085f17fe472a93831a4b60df76
http://www.ncbi.nlm.nih.gov/pubmed/16973642
http://dx.doi.org/10.1097/YCO.0000000000000103
http://www.ncbi.nlm.nih.gov/pubmed/25247456
http://dx.doi.org/10.1016/j.biopsych.2012.11.020
http://www.ncbi.nlm.nih.gov/pubmed/23290497
http://dx.doi.org/10.1016/j.biopsych.2006.03.040
http://dx.doi.org/10.1016/j.biopsych.2006.03.040
http://www.ncbi.nlm.nih.gov/pubmed/16815322
http://www.scopus.com/inward/record.url?eid=2-s2.0-84893670901&partnerID=40&md5=42cb8f7d6afeee273bb0b757e7c0680d
http://www.scopus.com/inward/record.url?eid=2-s2.0-84893670901&partnerID=40&md5=42cb8f7d6afeee273bb0b757e7c0680d
http://dx.doi.org/10.1016/j.ehb.2013.10.002
http://dx.doi.org/10.1016/j.ehb.2013.10.002
http://www.ncbi.nlm.nih.gov/pubmed/24268441
http://www.scopus.com/inward/record.url?eid=2-s2.0-0035068794&partnerID=tZOtx3y1
http://www.ncbi.nlm.nih.gov/pubmed/11314744
http://www.scopus.com/inward/record.url?eid=2-s2.0-0032926504&partnerID=tZOtx3y1
http://www.scopus.com/inward/record.url?eid=2-s2.0-0032926504&partnerID=tZOtx3y1
http://www.ncbi.nlm.nih.gov/pubmed/10342362
http://dx.doi.org/10.1023/A:1010913203679
http://www.ncbi.nlm.nih.gov/pubmed/20179407

