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Introduction
People with schizophrenia have an elevated mortality rate, which is more than 2 times as
high as that in the general population.1 This mortality gap, which converts to 11–18 years
of potential life lost,2 has increased in recent decades.1,3 Most of the excess deaths are
from natural causes, and the leading cause of death for patients with schizophrenia is
cardiovascular disease (CVD).4,5 Recent meta-analysis estimated that the pooled pre
valence of MetS is 32.5% among patients with schizophrenia.6 Two studies conducted in
Japan, found a higher prevalence of metabolic syndrome (MetS) in patients with schizo
phrenia (20.0 ~ 27.5%) than in the general population (14.1 ~ 15.6%).7,8 MetS, which is
defined as a cluster of metabolic disturbances, including abdominal obesity, atherogenic
dyslipidemia, hypertension and hyperglycemia,9 has been related to an increased risk for
CVD and mortality.10 Although cardiovascular risk increases after first exposure to any
antipsychotic drug,11 the prevalence of MetS is significantly lower in patients with early
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Background: Reliable and easy screening for metabolic syndrome (MetS) is important for
patients with schizophrenia. The aim of this study was to assess the predictive utility of body
mass index (BMI) for MetS among patients with schizophrenia in Japan.
Methods: In total, 8468 patients (4705 males, 3763 females) with schizophrenia or schi
zoaffective disorders based on the Diagnostic and Statistical Manual of Mental Disorders,
fourth edition (DSM-IV), or the International Classification of Diseases, tenth revision (ICD10), were assessed for MetS using the criteria of the National Cholesterol Education Program
Adult Treatment Panel III (ATP III-A). We applied a stratum-specific likelihood ratio (SSLR)
analysis, which is independent of the prevalence of the target disease.
Results: The mean (± standard deviation) age of these patients was 57.4 ± 13.5 years. The
prevalence of MetS was 20.4%. Among males, the SSLRs predicting MetS were 0.03 (95%
CI 0.02–0.06), 0.54 (95% CI 0.48–0.60), 2.77 (95% CI 2.44–3.14) and 8.75 (95% CI
7.40–10.36) for BMI <20 kg/m2, 20 kg/m2 ≤ BMI < 25 kg/m2, 25 kg/m2≤ BMI < 28 kg/
m2, and 28 kg/m2≤BMI, respectively. For females, the SSLRs predicting MetS were 0.08
(95% CI 0.05–0.12), 0.73 (95% CI 0.66–0.82), 2.50 (95% CI 2.16–2.90) and 4.83 (95% CI
4.12–5.67) for the same BMI categories, respectively.
Conclusion: The predictive utility of BMI is confirmed, and BMI has more predictive value
in males than in females. Patients with a BMI of 28 kg/m2 or greater had a significantly
higher SSLR than those with a BMI less than 28 kg/m2.
Keywords: body mass index, metabolic syndrome, schizoaffective disorder, schizophrenia
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schizophrenia than in those with an established diagnosis who
are taking antipsychotic medication.12 The causes of adverse
metabolic events are complicated; however, the risk factors
among patients with schizophrenia are attributed to antipsy
chotic medications,13,14 dietary habits,15,16 negative symptoms
of schizophrenia,17 physical activity,18 and unfavorable body
composition.19 Although antipsychotic medications typically
alleviate positive symptoms and delay relapse,20,21 metabolic
side-effects are particularly common in patients treated
with second-generation antipsychotics (SGA), especially clo
zapine and olanzapine.22
Given the association between MetS and mortality, screen
ing for and treating adverse metabolic events have been pro
posed as one approach to prevent excess deaths. However,
a non-negligible number of patients do not wish to undergo
blood tests,23 and the low rates of clinical monitoring and
diagnosis of MetS might reflect the cost and discomfort asso
ciated with full physical and laboratory evaluations.24 To
reduce the economic and physical burdens on patients, sequen
tial testing, which consists of the first-stage selection of patients
at higher risk by a convenient measure and the second-stage
full evaluation of patients identified in the first stage to diag
nose MetS, might be suitable in a real clinical setting. The first
stage of sequential testing for MetS requires alternative reliable
and easily obtainable screening measures.
To date, body mass index (BMI) has been proposed to
be potentially useful in the prediction of MetS in various
populations with or without schizophrenia.25–27 Although
interpreting BMI as a continuous variable is informative,
employing score categories with high predictive values
could be clinically useful. To obtain such categories, the
application of stratum-specific likelihood ratios (SSLRs)
has been recognized as a more convenient and general
izable method.28–30 However, there have been few reports
regarding the use of SSLR analysis to use BMI to screen
for MetS among patients with schizophrenia.
The objective of this study was to determine the BMI
categories that have predictive clinical value for clinical
screening for MetS among patients with schizophrenia in
Japan. We aimed to identify an inexpensive, easy-to-use
screening criterion that could detect probable patients with
MetS.

Methods
Participants
The joint committee of the Japanese Society of Clinical
Neuropsychopharmacology and the Japan Psychiatric
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Hospital Association for antipsychotic treatment and phy
sical risk conducted this survey between January 2012 and
July 2014.8 We obtained 7655 (outpatients) and 15,461
(inpatients) answers from 520 facilities for outpatients
and 247 facilities for inpatients belonging to the Japan
Psychiatric Hospital Association. We excluded individuals
aged <20 years and whose sex was not assessed in the
survey (n = 738). We also excluded individuals who could
not be assessed for MetS or BMI (n=13,910). We analyzed
a final total of 8468 subjects (2641 outpatients and 5827
inpatients; 4705 males and 3763 females) with schizophre
nia or schizoaffective disorders based on the Diagnostic
and Statistical Manual of Mental Disorders, fourth edition
(DSM-IV), or the International Classification of Diseases,
tenth revision (ICD-10). The proportion of current smo
kers was 27.2%. The mean dose of antipsychotics was 678
± 609 mg/day chlorpromazine equivalent.31 Of the 8468
participants in this study, 3600 were receiving antipsycho
tic monotherapy, and 6514 were taking SGAs. The survey
and procedure for obtaining informed consent were
approved by the Ethics Committee at the Japan
Psychiatric Hospitals Association. All participants pro
vided verbal informed consent to participate in the study,
without any incentive. The capacity of the patients to
provide informed consent was assessed by their treating
psychiatrists. A surrogate consent procedure was not
employed in this study. This study was conducted in
accordance with the Declaration of Helsinki. The charac
teristics of the study population have been reported pre
viously [8]. In this study, we reanalyzed the subjects based
on the categories of BMI.

Measures
Participant data including age, sex, height, and weight, were
obtained from their medical records. Based on participants’
height and weight, their BMIs were calculated. Waist cir
cumference (WC), blood pressure (BP), triglyceride level
(TG), high-density lipoprotein cholesterol (HDL) and fast
ing plasma glucose level (FPG) were also obtained from the
medical records. The presence of MetS was determined
based on the definitions given by the adapted Adult
Treatment Panel III (ATP III-A) criteria proposed by the
American Heart Association and the National Cholesterol
Education Program. As detailed in the ATP III-A report,
participants meeting ≥ 3 of the following criteria were
defined as having MetS: (1) abdominal obesity: WC ≥
90 cm in men and ≥ 80 cm in women; (2) high BP: ≥ 130/
85 mmHg; (3) low HDL: HDL < 40 mg/dl in men and <
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50 mg/dl in women; (4) hypertriglyceridemia: TG ≥ 150 mg/
dl; and (5) high fasting glucose: FPG ≥100 mg/dl.
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Statistical Analysis
The sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were calculated for
several cutoff scores of BMI. Receiver operating character
istic (ROC) analysis was performed, with the true-positive
rate (sensitivity) plotted on the vertical axis and the falsepositive rate (1 – specificity) plotted on the horizontal axis;
this approach allows the visualization of all pairs of sensi
tivity and specificity values achievable as the threshold is
changed from a low score to a high score. The area under the
curve (AUC) can be used as a quantitative indicator of the
information content of a test: 1.00–0.90 = excellent; 0.90–
0.80 = good; 0.80–0.70 = fair; 0.70–0.60 = poor; and 0.60–
0.50 = fail.32 In addition, the Youden index was used to
determine the optimal cutoff BMI value that identified the
presence of MetS. To compare the difference in two AUCs,
we employed DeLong’s test.
We computed the SSLRs and 95% CIs using a program
developed by Peirce and Cornell. An SSLR indicates how
much more likely or less likely a specific test result is for
individuals with a disease than for individuals without this
disease; thus, this ratio could reveal the efficiency of
a screening test. An LR of 5 or more indicates a moderate
effect for the diagnosis of disease, and an LR of 5 increases
the probability by 30% in clinical practice.32,33 To achieve
the optimum number of strata, we followed the rules pro
posed by previous studies as follows: 1) provide sufficient
disordered and nondisordered subjects in each stratum to
allow the SSLRs to be monotonically related, and 2)

collapse strata in which the SSLRs are close to one another
and their 95% CIs easily overlap.
Logistic regression models were used to test whether the
strata provided significantly more information than a single
cutoff point. First, a logistic regression model with
a dichotomous predictor was fitted. Then, a second model
with the same dichotomous predictor and the strata as the
categorical predictor was fitted. The difference between
these two values was analyzed using the chi-square statistic
under the null hypothesis that the strata predictor did not add
more predictive ability than the single cutoff point. The
software used for statistical analyses was R version 3.3.2.34

Results
The mean age of the study participants was 57.4 ± 13.5
(median 59.0), and the prevalence of MetS was 20.4%
(1730/8468). The sensitivities, specificities, PPVs, and
NPVs are presented in Table 1. The ROC curve for BMI is
depicted in Figure 1. The cutoff value, which was determined
based on the Youden index, was 23.4 kg/m2 (sensitivity
88.4%, specificity 71.7%, PPV 45.8%, NPV 95.8%) for
males and 24.0 kg/m2 for females (sensitivity 74.5%, specifi
city 74.6%, PPV 41.3%, NPV 92.4%). The AUC calculated
using the ROC analysis was 0.88 (95% CI 0.86–0.89) for
males and 0.82 (95% CI 0.80–0.83) for females. DeLong’s
test for the difference between two ROC curves showed
a significant difference between males and females (p<0.001).
The SSLR analysis results are indicated in Table 2. For
males, the recommended SSLRs determined for MetS were
0.03 (95% CI 0.02–0.06), 0.54 (95% CI 0.48–0.60), 2.77
(95% CI 2.44–3.14) and 8.75 (95% CI 7.40–10.36) for the
BMI categories of < 20 kg/m2, 20 kg/m2≤ BMI < 25 kg/m2,
25 kg/m2≤ BMI < 28 kg/m2, and 28 kg/m2 ≤ BMI,

Table 1 Sensitivity, Specificity, Positive Predictive Value and Negative Predictive Value of Body Mass Index in Relation to Metabolic
Syndrome
Cut Off Point

Sensitivity

Specificity

PPV

NPV

Sensitivity

Specificity

PPV

NPV

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

Male

Female

BMI ≥ 23
BMI ≥ 24

90.7
83.6

67.5
76.8

43.0
49.3

96.4
94.5

83.3
74.3

66.0
74.6

37.1
41.2

94.3
92.4

BMI ≥ 25

71.2

83.9

54.4

91.5

65.2

80.8

44.9

90.6

BMI ≥ 26
BMI ≥ 27

60.6
49.6

89.8
93.3

61.7
66.6

89.4
87.2

52.8
44.2

86.3
89.6

48.1
50.5

88.4
87.0

BMI ≥ 28

38.8

95.6

70.3

85.2

35.5

92.6

53.7

85.7

BMI ≥ 29
BMI ≥ 30

29.8
21.7

96.9
98.0

72.2
74.8

83.6
82.2

28.0
20.7

94.4
96.1

54.4
56.1

84.5
83.5

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; BMI, body mass index.
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was 3099. The −2⋅log LR for the model with the strata as
a categorical predictor was 1918. The difference between
these two values was 146.7. The corresponding p-value was
small (p<0.001), indicating significant improvement when
the strata were used for predicting MetS.

Discussion

Figure 1 Receiver operating characteristic curve for metabolic syndrome and body
mass index. The solid line is the male receiver operating characteristic curve; the
dotted line is to the female receiver operating characteristic curve.

respectively. For females, the recommended SSLRs deter
mined for MetS were 0.08 (95% CI 0.05–0.12), 0.73 (95%
CI 0.66–0.82), 2.50 (95% CI 2.16–2.90) and 4.83 (95% CI
4.12–5.67) for the same BMI categories, respectively.
In males, the −2 log LR for the model with a single
cutoff point (BMI=23.4) for MetS was 3629. The −2⋅log LR
for the model with the strata as a categorical predictor was
3495. The difference between these two values was 133.8.
The corresponding p-value was small (p<0.001), indicating
significant improvement when the BMI strata were used for
predicting MetS. In females, the −2 log LR for the model
with a single cutoff point (BMI=24.0) for predicting MetS

In this study, BMI had an AUC value of more than 0.80,
demonstrating that this scale has good validity for the detec
tion of MetS in both male and female patients with schizo
phrenia. In addition, comparison of the AUC values between
sexes shows that BMI is more predictive in males than in
females. The cutoff values for BMI (males 23.4, females
24.0) based on the Youden index exhibited high sensitivity
and specificity. However, the PPVs (males 45.8%, females
41.3%) for these cutoffs, which depend on the prevalence of
the examined disease, indicate that more than half of the
positive results obtained using this testing procedure are
false positives. Given the prevalence of MetS in prior clin
ical studies,6,8 measures that are independent of the preva
lence are needed for clinical screening.
We employed the SSLR approach, which is indepen
dent of the target disease prevalence, and obtained four
BMI strata. By accounting for an individual’s prior prob
ability, this approach could provide a basis to calculate the
posttest probability in each specific stratum. Our results
demonstrated that a higher BMI was associated with
a greater risk of MetS. Individuals with a BMI of 28 kg/
m2 or greater had a significantly higher SSLR than those
with BMI less than 28 kg/m2. Relative to the other cate
gories, these score categories will provide primary care
physicians and psychiatrists with greater opportunities to
detect individuals with MetS via further investigation fol
lowing screening using BMI.

Table 2 Stratum-Specific Likelihood Ratios for Metabolic Syndrome
BMI

MetS (n)

Non MetS (n)

SSLR

(95% CI)

Posttest Probability (%)

BMI < 20

11

1196

0.03

(0.02–0.06)

0.91

20 ≤ BMI < 25

277

1910

0.54

(0.48–0.60)

12.67

25 ≤ BMI < 28
28 ≤ BMI

325
388

434
164

2.77
8.75

(2.44–3.14)
(7.40–10.36)

42.82
70.29

BMI < 20

22

1137

0.08

(0.05–0.12)

1.90

20 ≤ BMI < 25

232

1315

0.73

(0.66–0.82)

15.00

25 ≤ BMI < 28
28 ≤ BMI

216
259

359
223

2.50
4.83

(2.16–2.90)
(4.12–5.67)

37.57
53.73

Male

Female

Abbreviations: BMI, body mass index; MetS, metabolic syndrome; SSLR, stratum-specific likelihood ratio; CI, confidence interval.
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Previous studies investigating the predictive value of
BMI for MetS have shown the LRs based on single cut-off
points. Among 202 patients with schizophrenia, Tirupati
and Chua identified a BMI > 28.7 kg/m2 as the optimal
cut-off using ROC analysis, and the LR for this criterion
was 2.0.25 This result seems to indicate that the predictive
value of BMI for MetS is small. However, all participants
in the study had a Caucasian background. Differences in
physique make it difficult to extrapolate from a population
with European ancestry to a population of Japanese
patients. Another study from Singapore conducted in 100
patients with schizophrenia reported an optimal BMI cutoff of 23 kg/m2, and the LR was 1.8, according to the
reported sensitivity and specificity.26 Based on our results,
the LR for the same BMI cut-off point of 23 is 2.8.
Although differences in participants’ mean age and the
analysis by sex might affect the results, the LRs based
on single cut-off points have limited predictive value.
In line with the accumulating evidence of sex-based
differences in physique and body composition,19 the MetS
criteria have several components with different cut-off
points by sex. The predictive value of BMI for MetS
should be considered separately in males and females.
Our past report showed that the odds ratio (OR) for the
prediction of MetS by BMI is 1.57 for males and 1.42 for
females, based on a logistic regression model.7 The OR of
1.57 indicates that for every increase in BMI of 1 kg/m2,
the estimated odds for MetS increased by 57%. However,
the risk of MetS could vary in different BMI categories
(underweight, normal, overweight, and obesity), and esti
mation of risk using a single quantitative value is not
appropriate. Furthermore, the prevalence of MetS in
many previous studies, including ours, has been shown
to be too high to interpret the OR as a risk ratio.6 In this
study, we first applied SSLR analysis to screen for MetS
with BMI among patients with schizophrenia. Based on
the SSLRs of these four strata, the stratum with a BMI of
28 kg/m2 or more has significant predictive value for MetS
compared to the other three strata. The SSLRs of these
four strata offer more information than the LRs of a single
cut-off point and are more easily interpretable than ORs
based on regression analysis.
Our results indicate that BMI has less predictive value in
females than in males. In this study, we employed the ATP
III-A criteria, which define abdominal obesity based on the
cut-off point of a WC ≥ 80 cm in women. Although abdom
inal (visceral) obesity has been regarded as the predominant
risk factor for MetS,35 the optimal cut-off point for WC is
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controversial in Japan. In Japanese, a visceral fat area (VFA)
greater than 100 cm2 on computed tomography at the umbi
lical level is correlated with the presence of cardiovascular
risk factors, irrespective of age, sex, and BMI.36,37 Because
the WC corresponding to a VFA greater than 100 cm2 is over
90 cm in females,36,37 a definition based on the ATP III-A
criteria could overestimate the prevalence of MetS in
Japanese females. This overestimated prevalence of MetS
in females might have affected our results.
In Japan, the prevalence of MetS is high in the middleaged population in the outpatient setting [8]. A complete
assessment of all patients for MetS would be encouraged
for this subgroup. BMI is reliably measured in the clinic and
can be assessed with little training, so sequential testing is
more cost effective and convenient in the case of assessing
subgroups with a low prevalence of MetS. Furthermore, it is
necessary to provide consistent treatment and follow-up after
screening for MetS. Psychiatrists should be responsible for
the management of MetS as well as the referral of patients to
physicians. Switching antipsychotic medication to one with
less potential to cause MetS or recommending nonpharma
cological interventions such as nutrition education, exercise,
and psychoeducation could improve metabolic abnormalities
among patients with schizophrenia.38–40 Therefore,
a combination of prompt detection and appropriate treatment
is needed for effective clinical screening for MetS. Although
a higher mean age (late 50s) might limit the generalizability
of our results, this study has several strengths. Among studies
that have investigated the LRs for the prediction of MetS by
BMI, our study has the largest sample size, and the analysis
stratified by sex could offer more clinically useful
information.
This study has a few limitations. First, the participants
may not be representative of the entire population of
Japanese patients with schizophrenia. Since all of the parti
cipants were volunteers, they might be more interested in
their health and be healthier than the entire population of
patients. Second, the multicenter nature of this study, which
was based on information obtained from medical records,
could have affected the results. Although the procedures
used to measure the physical and laboratory parameters
were standardized, we could not completely rule out the
possibility of inter-facility differences.
In conclusion, the predictive utility of BMI is con
firmed, and BMI has more predictive value in males than
in females. Patients with a BMI of 28 kg/m2 or greater had
a significantly higher SSLR than those with a BMI less
than 28 kg/m2. SSLR analysis is recommended due to its
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practical value for the detection of individuals at risk of
MetS among Japanese patients with schizophrenia.
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