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Abstract
Background: Recently, a relationship between obesity and schizophrenia has been reported. Although fat- mass
and fat free mass have been shown to be more predictive of health risk than body mass index, there are limited
findings about body composition among patients suffering from schizophrenia. The aim of this study is to compare
the body composition of schizophrenia patients with that of healthy subjects in Japan.
Methods: We recruited patients (n = 204), aged 41.3 ± 13.8 (mean ± SD) years old with the DSM-IV diagnosis of
schizophrenia who were admitted to psychiatric hospital using a cross-sectional design. Subjects' anthropometric
measurements including weight, height, body mass index (BMI), and medications were also collected. Body fat,
percent (%) body fat, fat- free mass, muscle mass, and body water were measured using the bioelectrical
impedance analysis (BIA) method. Comparative analysis was performed with schizophrenic subjects and 204 healthy
control individuals.
Results: In a multiple regression model with age, body mass index, and dose in chlorpromazine equivalents,
schizophrenia was a significantly linked with more body fat, higher % body fat, lower fat- free mass, lower muscle
mass, and lower body water among males. In females, schizophrenia had a significant association with lower %
body fat, higher fat- free mass, higher muscle mass, and higher body water.
Conclusions: Our data demonstrate gender differences with regard to changes in body composition in association
with schizophrenia. These results indicate that intervention programs designed to fight obesity among
schizophrenic patients should be individualized according to gender.
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Introduction
The prevalence of obesity among patients with schizophrenia is higher than the general population [1,2].
Obesity among patients with schizophrenia is a growing
concern because being overweight is a major risk factor
for metabolic syndrome, cardiovascular diseases, and premature death, and this risk is nearly double that of the
general population [3–5]. In addition, in people with
schizophrenia, obesity is associated with lower self-esteem,
poorer psychosocial adaptation [6], reduced quality of life
[7], non-compliance with antipsychotic medication regime
[8] and increased medication cost [9].
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In previous studies that have considered obesity in
patients with schizophrenia, weight or body mass index
(BMI) was commonly used as measurement parameters.
However, it is important to consider body composition
in detail because the excess accumulation of body fat, rather than BMI, causes the health risks associated with
obesity [10]. Although BMI correlates highly with fat
mass, depending on the level of muscularity, this value
can be misleading regarding the level of adiposity of an
individual.
Recently, a bioelectrical impedance analysis (BIA) method
was developed that can measure body composition variables. BIA is based on the principle that there is less resistance to an alternating current passing through tissues that
contain fluids and electrolytes than those containing relatively high amounts of lipids [11]. BIA results correlate well
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with the results of dual energy X-ray absorptiometry (DXA)
[12,13]. BIA is a relatively quick procedure that is inexpensive and suitable for examining large numbers of people for
studies.
The objectives of this study were to use BIA to compare
the body composition variables between patients with
schizophrenia and healthy individuals. To our knowledge,
this is the largest study of this nature carried out in an
Asian population.

Methods
Participants

This study was conducted between July 2010 and November 2010. The subjects were 204 outpatients (74
males and 130 females) at Hirosaki University Hospital
in Japan who were diagnosed with either schizophrenia
or schizoaffective disorder based on the DSM-IV diagnostic criteria. The diagnoses of the patients were recorded
from their medical charts. As a reference group, 204
healthy volunteers (74 males and 130 females) were also
included. The data collection for this study was approved
by the Ethics Committee of the Hirosaki University School
of Medicine and all subjects provided written informed
consent before participating in this study.
Procedure

Information on the subjects’ demographic data (age
and sex), and current medications was obtained from
their medical records. In order to have comparable
value for each patient, medication was converted to
chlorpromazine equivalents [14]. Patient heights were
determined without shoes on a portable stadiometer
with the mandible plane parallel to the floor. Body
composition was measured using the Tanita MC-190
body composition analyzer [15] with correction for
light indoor clothing. The measurement procedure
required the subject to stand barefooted on the analyzer
and to hold a pair of handgrips, one in each hand. The
device uses multiple-frequency (5 kHz, 50 kHz,
250 kHz, and 500 kHz) BIA technology and has 8 tactile
electrodes: 2 are in contact with the palm and thumb of
each hand, and 2 are in contact with the anterior and posterior aspect of the sole of each foot. To calculate body
fat, percent (%) body fat, fat- free mass, muscle mass, and
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body water for the entire body, the MC-190 uses a proprietary equation developed by the manufacturer.

Statistical analysis

Descriptive statistical analyses were performed to describe the demographic and clinical variables. To compare the main demographic and clinical characteristics
between patients and control, an unpaired Student’s t-test
was performed to analyze continuous variables. Data are
presented as means ± SD. Multiple linear regression analysis was employed to analyze the continuous variables of
body composition. Healthy individuals were used as the
reference category. Regression analyses were conducted
in adjusted conditions for confounding factors (age, BMI,
and dose in CP equivalents). A value of p < 0.05 was considered significant. The data were analyzed using the
PASW Statistics-PC-software for Windows, Version
18.0.0.

Results
Demographic characteristics

The characteristics of participant are listed in Table 1.
Among males, height was significantly higher in
healthy individuals than in patients with schizophrenia. In females, height and body weight were significantly higher in patients with schizophrenia than in
healthy individuals. Body mass index was significantly
higher in patients with schizophrenia than in healthy
individuals among both genders. No differences were
observed for any of the other characteristics.

Body composition measurements

Table 2 shows the body composition measurements of
patients with schizophrenia and healthy controls.
Among males, body fat, and % body fat were significantly higher in patients with schizophrenia than in
healthy individuals; hence, fat- free mass, muscle mass,
and body water were significantly higher in healthy individuals than in patients with schizophrenia. In females,
body fat, fat- free mass, muscle mass, and body water
were significantly higher in patients with schizophrenia
than in healthy individuals.

Table 1 Demographic characteristics of patients with schizophrenia and healthy controls
Male
Age (years old)
Height (cm)
Body weight (kg)
BMI (kg/m2)

Female

Schizophrenia

Control

p value

Schizophrenia

Control

p value

39.0±13.5
165.5±8.6
69.2±16.5
25.2±5.5

40.8±11.8
170.8±6.5
68.5±10.7
23.4±3.2

p=0.398
p<0.001
p=0.767
p<0.05

42.5±13.9
160.6±7.9
63.4±13.0
24.6±5.0

43.4±12.9
157.6±6.1
54.8±10.1
22.1±4.0

p=0.592
p<0.01
p<0.001
p<0.001
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Table 2 Body composition measurements of patients with schizophrenia and healthy controls
Male
Body Fat (kg)
% Body Fat
Fat Free Mass (kg)
Muscle Mass (kg)
Body Water (kg)

Female

Schizophrenia

Control

p value

Schizophrenia

Control

p value

20.2±12.4
27.7±11.8
49.0±9.7
46.3±9.2
34.3±6.1

13.0±5.8
18.3±5.8
55.5±5.9
52.6±5.6
38.4±4.6

p<0.001
p<0.001
p<0.001
p<0.001
p<0.001

19.8±9.8
30.2±9.8
43.6±7.9
41.2±7.5
31.3±5.2

16.3±7.6
28.5±7.6
38.5±3.6
36.3±3.3
27.8±3.3

p<0.01
p=0.124
p<0.001
p<0.001
p<0.001

Multiple regression analysis for the detailed body
composition characteristics

The results of the regression analyses examining the
associations between the diagnosis of schizophrenia and
body composition are presented in Table 3. Among
males, schizophrenia was a significantly associated with
higher body fat, higher % body fat, lower fat- free mass,
lower muscle mass, and lower body water. In females,
being schizophrenic had a significant association with
lower % body fat, higher fat free mass, higher muscle
mass, and higher body water.

Discussion
The present study on the body composition of patients
diagnosed with schizophrenia is the largest study of this
nature in an Asian population. Compared to the reference
group, male patients with schizophrenia were found to
have higher % body fat and lower muscle mass. In contrast, female patients with schizophrenia did not exhibit
this association.
Other studies [16–18] have compared the body composition of patients with schizophrenia and healthy individuals. Nilsson et al. [16] reported that 28 patients with

schizophrenia had higher % body fat and lower fat- free
mass than healthy controls. Satoh et al. [17] performed a
study involving 80 male schizophrenic patients and 64
healthy male individuals and showed that patients with
schizophrenia had higher % body fat than healthy controls. Furthermore, Saarni et al. [18] reported that
schizophrenia (n = 58) was significantly associated with a
higher % body fat and lower fat- free mass after adjusting for age, gender, and BMI.
It is now well recognized that adipose tissue, especially
in the abdominal region, is associated with the secretion
of pro-inflammatory (e.g., interleukin- 6, and tumor necrosis factor- alpha) and catabolic (e.g., leptin, and retinolbinding protein 4) agents [19,20]. These molecules, in
concert with the insulin resistance associated with abdominal obesity, contribute to a loss of muscle mass [19].
The mechanism for increased body fat among males
has not been completely elucidated. However, patients
with schizophrenia are at risk for developing obesity due
to poor dietary habits, lower resting energy expenditure,
lack of exercise or limited activity due to the negative
symptoms of schizophrenia. Previous studies [21,22] have
suggested an increased propensity for storing excess fat as

Table 3 Multiple regression analysis for the detailed body composition
male

female

Beta coefficient

p-value

Beta coefficient

p-value

Age
BMI
Schizophrenia
Dose in CP equivalents

−0.094
0.882
0.188
−0.031

p < 0.01
p < 0.001
p < 0.001
P = 0.402

−0.023
0.972
−0.041
−0.041

p = 0.241
p < 0.001
p = 0.105
p = 0.113

Age
BMI
Schizophrenia
Dose in CP equivalents

−0.109
0.735
0.360
−0.093

p < 0.05
p < 0.001
p < 0.001
p = 0.097

0.100
0.867
−0.094
−0.069

p < 0.01
p < 0.001
p < 0.05
p = 0.108

Age
BMI
Schizophrenia
Dose in CP equivalents

0.022
0.369
−0.531
0.131

p = 0.755
p < 0.001
p < 0.001
p = 0.157

−0.238
0.322
0.194
0.149

p < 0.001
p < 0.001
p < 0.01
p < 0.05

Age
BMI
Schizophrenia
Dose in CP equivalents
Body in CP equivalents

0.025
0.362
−0.534
0.132
0.118

p = 0.724
p < 0.001
p < 0.001
p = 0.155
p = 0.192

−0.233
0.312
0.198
0.149
0.131

p < 0.001
p < 0.001
p < 0.01
p < 0.05
p < 0.05

Body Fat

% Body Fat

Fat Free Mass

Muscle Mass
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visceral adiposity in schizophrenic patients. In addition,
hypercortisolemia due to abnormalities of the hypothalamic- pituitary- adrenal (HPA) axis might also affect the
development of central fat accumulation [23,24].
In contrast with male patients with schizophrenia, we
did not find a higher % body fat or lower muscle mass
among schizophrenic females relative to control females
after multiple regression analysis. Previous studies comparing the body composition of patients with schizophrenia and healthy individuals analyzed a mixed subject
pool of both genders or only male subjects. Therefore,
we are reporting for the first time a comparison of the
body composition of female schizophrenia patients and
healthy individuals. One possible explanation for differences according to gender is that estrogen may affect
the body composition. Animal studies also suggest that
estrogen may play a role in the prevention of obesity
[25]. Ovariectomized animals have increased adiposity
compared with animals with intact ovaries [26]. Estrogen
treatment in ovariectomized animals has been associated
with significantly reduced adipose mass and adipocyte
size. In addition, estrogen has also been shown to protect
the muscle mass by stabilizing the muscle membrane [27].
Another possible explanation is that differences in physical exercise and socio-environmental factors might affect
the body composition.
The current study also has some limitations. First, it
was a cross-sectional study. It will be necessary to carry
out a follow-up survey to clarify the reason for differences in the body composition between male patients
and the reference group. We intend to follow-up this cohort prospectively in order to assess metabolic changes
during the course of the illness and as a function of antipsychotic regimes. Second, patient recruitment was
restricted to outpatients presenting to the hospital for a
review of their health problems. No other population
groups, such as children, adolescents or unmedicated
patients, were included. Third, all possible parameters
were not included in this study such as dietary habits,
physical activity levels, the duration of illness and treatment, schizophrenic symptoms and medications. In particular, antipsychotic medications may be important
factors. The use of first vs. second generation antipsychotics might also confound the results [28]. A stratified
analysis by according to medication is needed in the future study.

Conclusion
This study has shown that the male patients with schizophrenia had more body fat and a lower muscle mass than
healthy individuals. Previous studies [29,30] have suggested
that long-term programs that incorporate nutrition, exercise, and behavioral interventions can prevent weight gain
among schizophrenic patients. The intervention program
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for obesity among schizophrenic patients should be prepared individually for each gender.
Conflict of interests
The authors declare that they have no competing interests.
Competing interests
The authors of this manuscript have no conflicts of interest to disclose as
described by the Journal.
Authors contribution
NS conceived the study, designed the study, conducted the statistical
analysis, interpreted the data and wrote the initial draft of the manuscript. SK
and NYF had full access to all of the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis. ST, AF and
YS contributed to study design and assisted in drafting the manuscript. MS,
MM and IT completed initial survey construction, recruitment of participants.
All authors have approved the manuscript.
Author details
1
Department of Neuropsychiatry, Hirosaki University School of Medicine,
Hirosaki, Japan. 2Department of Social Medicine, Hirosaki University School of
Medicine, Hirosaki, Japan. 3Department of Psychiatry, Hirosaki-Aiseikai
Hospital, Hirosaki, Japan.
Received: 14 March 2012 Accepted: 9 April 2012
Published: 3 May 2012
References
1. Susce MT, Villanueva N, Diaz FJ, de Leon J: Obesity and associated
complications in patients with severe mental illnesses: a cross-sectional
survey. J Clin Psychiatry 2005, 66:167–173.
2. Dickerson FB, Brown CH, Kreyenbuhl JA, Fang L, Goldberg RW, Wohlheiter K,
Dixon LB: Obesity among individuals with serious mental illness. Acta
Psychiatr Scand 2006, 113:306–313.
3. Martin RL, Cloninger CR, Guze SB, Clayton PJ: Mortality in a follow-up of
500 psychiatric outpatients, I. Total mortality. Arch Gen Psychiatry 1985,
42:47–54.
4. Allebeck P: Schizophrenia: a life-shortening disease. Schizophr Bull 1989,
15:81–89.
5. Leucht S, Burkard T, Henderson J, Maj M, Sartorius N: Physical illness and
schizophrenia: a review of the literature. Acta Psychiatr Scand 2007,
116:317–333.
6. De Hert M, Peuskens B, van Winkel R, Kalnicka D, Hanssens L, Van Eyck D,
Wyckaert S, Peuskens J: Body weight and self-esteem in patients with
schizophrenia evaluated with B-WISE. Schizophr Res 2006, 88:222–226.
7. Allison DB, Mackell JA, McDonnell DD: The impact of weight gain on
quality of life among persons with schizophrenia. Psychiatr Serv 2003,
54:565–567.
8. Weiden PJ, Mackell JA, McDonnell DD: Obesity as a risk factor for
antipsychotic noncompliance. Schizophr Res 2003, 66:51–57.
9. Chwastiak LA, Rosenheck RA, McEvoy JP, Stroup TS, Swartz MS, Davis SM,
Lieberman JA: The impact of obesity on health care costs among persons
with schizophrenia. Gen Hosp Psychiatry 2009, 31:1–7.
10. Bigaard J, Frederiksen K, Tjønneland A, Thomsen BL, Overvad K, Heitmann
BL, Sørensen TI: Body fat and fat-free mass and all-cause mortality. Obes
Res 2004, 12:1042–1049.
11. Ellis KJ: Human body composition: in vivo methods. Physiol Rev 2000,
80:649–680.
12. Kitano T, Kitano N, Inomoto T, Futatsuka M: Evaluation of body
composition using dual-energy X-ray absorptiometry, skinfold thickness
and bioelectrical impedance analysis in Japanese female college
students. J Nutr Sci Vitaminol 2001, 47:122–125.
13. Boneva-Asiova Z, Boyanov MA: Body composition analysis by leg-to-leg
bioelectrical impedance and dual-energy X-ray absorptiometry in nonobese and obese individuals. Diabetes Obes Metab 2008, 10:1012–1018.
14. Inagaki A, Inada T. Dose equivalence of novel antipsychotics. Part 5. Jpn J
Clin Psychopharm 2008;11: 887–890. (Japanese).
15. Tanita Corp. 2005. Tanita MC-190 User's Guide.3-8. (Japanese).
16. Nilsson BM, Forslund AH, Olsson RM, Hambraeus L, Wiesel FA: Differences
in resting energy expenditure and body composition between patients

Sugawara et al. Annals of General Psychiatry 2012, 11:11
http://www.annals-general-psychiatry.com/content/11/1/11

17.

18.

19.
20.

21.
22.

23.
24.

25.

26.

27.
28.

29.

30.

Page 5 of 5

with schizophrenia and healthy controls. Acta Psychiatr Scand 2006,
114:27–35.
Satoh M, Sakuda H, Kobayashi T, Kataoka T, Nakao F, Turale S: Comparison
of the body fluid levels in healthy individuals and those with
schizophrenia in Japan: using the bioelectrical impedance method. Nurs
Health Sci 2007, 9:177–184.
Saarni SE, Saarni SI, Fogelholm M, Heliövaara M, Perälä J, Suvisaari J,
Lönnqvist J: Body composition in psychotic disorders: a general
population survey. Psychol Med 2009, 39:801–810.
Roubenoff R: Sarcopenia: effects on body composition and function.
J Gerontol A Biol Sci Med Sci 2003, 58:1012–1017.
Graham TE, Yang Q, Blüher M, Hammarstedt A, Ciaraldi TP, Henry RR, Wason
CJ, Oberbach A, Jansson PA, Smith U, Kahn BB: Retinol-binding protein 4
and insulin resistance in lean, obese, and diabetic subjects. N Engl J Med
2006, 354:2552–2563.
Ryan MC, Thakore JH: Physical consequences of schizophrenia and its
treatment: the metabolic syndrome. Life Sci 2002, 71:239–257.
Thakore JH, Mann JN, Vlahos I, Martin A, Reznek R: Increased visceral fat
distribution in drug-naive and drug-free patients with schizophrenia. Int
J Obes Relat Metab Disord 2002, 26:137–141.
Björntorp P, Rosmond R: Obesity and cortisol. Nutrition 2000, 16:924–936.
Kaneda Y, Fujii A, Ohmori T: The hypothalamic-pituitary-adrenal axis in
chronic schizophrenic patients long-term treated with neuroleptics. Prog
Neuropsychopharmacol Biol Psychiatry 2002, 26:935–938.
Louet JF, LeMay C, Mauvais-Jarvis F: Antidiabetic actions of estrogen:
insight from human and genetic mouse models. Curr Atheroscler Rep
2004, 6:180–185.
D'Eon TM, Souza SC, Aronovitz M, Obin MS, Fried SK, Greenberg AS:
Estrogen regulation of adiposity and fuel partitioning. Evidence of
genomic and non-genomic regulation of lipogenic and oxidative
pathways. J Biol Chem 2005, 280:35983–35991.
Tiidus PM: Estrogen and gender effects on muscle damage,
inflammation, and oxidative stress. Can J Appl Physiol 2000, 25:274–287.
Correll CU, Manu P, Olshanskiy V, Napolitano B, Kane JM, Malhotra AK:
Cardiometabolic risk of second-generation antipsychotic medications
during first-time use in children and adolescents. JAMA 2009, 302:
1765–1773.
Menza M, Vreeland B, Minsky S, Gara M, Radler DR, Sakowitz M: Managing
atypical antipsychotic-associated weight gain: 12-month data on a
multimodal weight control program. J Clin Psychiatry 2004, 65:471–477.
Poulin MJ, Chaput JP, Simard V, Vincent P, Bernier J, Gauthier Y, Lanctôt G,
Saindon J, Vincent A, Gagnon S, Tremblay A: Management of
antipsychotic-induced weight gain: prospective naturalistic study of the
effectiveness of a supervised exercise programme. Aust N Z J Psychiatry
2007, 41:980–989.

doi:10.1186/1744-859X-11-11
Cite this article as: Sugawara et al.: Body composition in patients with
schizophrenia: Comparison with healthy controls. Annals of General
Psychiatry 2012 11:11.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

