                                    Gender differences of BMD in schizophrenia

Abstract: 244 words; Text: 2808 words; 53 references; 3 Tables; 2 Supplementary Tables; 1 Figure
Gender-specific Factors for Bone Density in Patients with Schizophrenia 

Chieh-Hsin Lin, M.D., Ph.D. a, b, Chun-Yuan Lin, M.D. b, c, d, Tiao-Lai Huang, M.D. a, Hong-Song Wang, M.D.c, Yue-Cune Chang, Ph.D. e, Hsien-Yuan Lane, M.D., Ph.D. b, f, *
a Department of Psychiatry, Kaohsiung Chang Gung Memorial Hospital, Chang Gung University College of Medicine, Kaohsiung, Taiwan 
b Institute of Clinical Medical Science, China Medical University, Taichung, Taiwan 
c Department of Psychiatry, Changhua Hospital, Changhua, Taiwan 

d Department of Physical Education, National Changhua University of Education, Changhua, Taiwan
e Department of Mathematics, Tamkang University, Taipei, Taiwan

f Department of Psychiatry, China Medical University Hospital, Taichung, Taiwan
Running Title: Gender differences of BMD in schizophrenia
*Reprints: Hsien-Yuan Lane, M.D., Ph.D, Department of Psychiatry, China Medical University Hospital, No. 2, Yuh-Der Road, Taichung 404, Taiwan (email address: hylane@gmail.com).
Funding/Support

This study was funded by Chang Gung Memorial Hospital (Taiwan) CMRPG891601, Changhua Hospital Research Grant (Taiwan) 101-15 and 102-09, the National Science Council (Taiwan) NSC-101-2314-B-182A-073-MY2, NSC-102-2314-B-182A-010- and NSC-102-2325-B-039-011-CC2, and China Medical University Hospital (Taiwan) DMR-101-082. 

Role of the Sponsor
The sponsors were not involved in the design and conduct of the study; collection, management, analysis, and interpretation of the data; and preparation, review, or approval of the manuscript.
Conflict of interest statement 
All authors declare that they have no conflicts of interest.
Acknowledgements
We thank Rong-Fu Chen, MD, for his suggestion of the study measures, and Yi-Yung Hung, MD, Chin-Chuen Lin, MD, Meng-Chang Tsai, MD, Shuo-Yen Ting, MD, Sun-Yuan Liang, MD, and Ching-Ling Kao, MD, for their help in recruiting patients. 
Abstract

Patients with schizophrenia are liable to low bone mineral density (BMD). Many risk factors have been suggested. However, it remains uncertain whether the risk factors differ between men and women. In addition, the bone density issue in men is neglected more often than in women. This study aims to examine specific risk factors of low BMD in different genders. Men (n= 80) and women (n = 115) with schizophrenia, similar in demographic and clinical characteristics, were enrolled in three centers. Clinical and laboratory variables (including blood levels of prolactin, sex and thyroid hormones, cortisol, calcium, and alkaline phosphatase) were collected. BMD was measured by dual-energy X-ray absorptiometer (DEXA). Men had lower BMD than women. Predictors for BMD in men included hyperprolactinemia (B = -0.821, p = 0.009), body weight (B = 0.024, p = 0.046) and Global Assessment of Functioning (GAF) score (B = 0.027, p = 0.043); in women, BMD was associated with menopause (B = -1.070, p < 0.001), body weight (B = 0.027, p = 0.003) and positive symptoms (B = 0.094, p < 0.001). Regarding the effect of psychotic symptoms, positive symptoms were positively related to BMD in women but not in men. The findings suggest that gender-specific risk factors should be considered for individualized intervention of bone loss in patients with schizophrenia. Physicians should pay particular attention to bone density in men with hyperprolactinemia and post-menopausal women. Further prospective studies in other populations are warranted to confirm these findings. 
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Introduction
Low bone mineral density (BMD) and osteoporosis are common in patients with schizophrenia 
 ADDIN EN.CITE 
(Renn et al. 2009)
 and prone to high morbidity and mortality Bakker et al. 2007


( ADDIN EN.CITE )
. Low BMD and osteoporosis are multifactorial Halbreich 2007()
. BMD rises gradually to its peak in early adulthood and declines thereafter with age Burckhardt and Michel 1989()
. 
Antipsychotic-induced hyperprolactinemia was reported to be implicated in bone mineral loss in patients with schizophrenia 
 ADDIN EN.CITE 
(Halbreich and Palter 1996; Meaney et al. 2004)
. In addition, men and women may differ in prevalence and risk-factors of low BMD Rozental et al. 2009()
. Bone loss accelerates after menopause Akdeniz et al. 2009()
; however, the role of hyperprolactinemia among women remains inconclusive 
 ADDIN EN.CITE 
(Abraham et al. 2003)
. Our recent study in women with schizophrenia found that prolactin-raising (PR) antipsychotics use was related to low BMD compared to prolactin-sparing (PS) antipsychotics, but prolactin level itself was not correlated with BMD 
 ADDIN EN.CITE 
(Lin et al. 2012)
. In men, bone loss was found to be associated with hyperprolactinemia Naidoo et al. 2003()
 and inversely correlated with testosterone levels Meaney et al. 2004()
; however, the effect of hyperprolactinemia and/or secondary hypogonadism on BMD in men is also unclear. A systemic review suggests that hyperprolactinemia may lead to bone loss especially in men with testosterone deficiency 
 ADDIN EN.CITE 
(Misra et al. 2004)
. 
Bone health in men is more often neglected than in women Haney and Bliziotes 2008()
, particularly among people with schizophrenia 
 ADDIN EN.CITE 
(Hummer et al. 2005; Meaney et al. 2004)
. Although women are more prone to prolactin elevation with antipsychotic treatment Kelly et al. 2013()
, men are more liable to low BMD Kinon et al. 2013()
. Whether hyperprolactinemia and/or secondary hypogonadism leads to greater bone loss in men requires further elucidation. Other causes of bone loss in men include longer illness duration 
 ADDIN EN.CITE 
(Bilici et al. 2002)
, more severe negative symptoms 
 ADDIN EN.CITE 
(Hummer et al. 2005; Zhang et al. 2012)
, higher doses and longer duration of antipsychotic treatment 
 ADDIN EN.CITE 
(O'Keane 2008)
, higher prevalence of substance abuse 
 ADDIN EN.CITE 
(Zhang et al. 2012)
, and lack of attention to bone health Binkley 2009()
. Gender-specific factors of low BMD require more studies 
 ADDIN EN.CITE 
(Haney and Bliziotes 2008; Pietschmann et al. 2009)
. 
While negative symptoms of schizophrenia have been reported to be related to low BMD in men 
 ADDIN EN.CITE 
(Hummer et al. 2005; Lee et al. 2010)
, the influences of positive symptoms and global functioning need further study. Side effects, such as weight gain of antipsychotics may affect BMD too Deal 1997()
. It is therefore important to understand how these factors interact to influence BMD in patients. The current study systematically examined gender-specific factors together with other risk factors of low BMD in patients with chronic schizophrenia. 
Methods
Setting
This study was conducted in chronic inpatient units and outpatient clinics of three major psychiatric centers in Taiwan (Kaohsiung Chang Gung Memorial Hospital, Changhua Hospital and Kai-Suan Psychiatric Hospital). All three hospitals provided similar diets containing about calcium 600 mg and 2,000 calories per day for inpatients. The study was approved by the institutional review board at each hospital and conducted in accordance with the Declaration of Helsinki. 
Patients
Patients with chronic schizophrenia who had been diagnosed using the DSM-IV American Psychiatric Association 1994()
 criteria by experienced psychiatrists and had been clinically ill but stable for at least 6 months were enrolled. All of them had been treated with unchanged antipsychotics and doses for at least 6 months 
 ADDIN EN.CITE 
(Boling 2004; Suzuki and Sato)
. The grouping of antipsychotics was based on the prescription in the 6 months before enrollment: patients who had been taking first-generation antipsychotics, risperidone, paliperidone, amisulpride or ziprasidone were defined as the PR group; those on clozapine, olanzapine, quetiapine or aripiprazole were defined as the PS group; those with both PR and PS antipsychotics were defined as the combination group. 
Patients with the following physical or mental conditions which may influence BMD were excluded: eating disorder, substance abuse/dependence (including smoking and alcohol drinking that were forbidden at hospital and public places in Taiwan), renal function impairment, electrolyte imbalance, bone metabolism diseases, thyroid or parathyroid diseases, pituitary tumor, pregnancy or lactation, and co-medications known to influence BMD (e.g. glucocorticoids Suzuki and Sato()
, heparin 
 ADDIN EN.CITE 
(Wawrzynska et al. 2003)
 and drugs for osteoporosis such as parathyroid hormone Rosen 2005()
, alendronate Iwamoto et al.()
, selective estrogen receptor modulators Kulak Junior et al.()
, bisphosphonates, estrogens, and calcitonin 
 ADDIN EN.CITE 
(Bakker et al. 2007)
) except benzodiazepines and antidepressants which were not significantly associated with reduced BMD 
 ADDIN EN.CITE 
(Kinjo et al. 2005)
. Written informed consent was obtained after thorough explanation of the study. A total of 234 patients were approached. Among them, 17 patients declined, 22 patients were excluded due to substance abuse/dependence (n = 12), electrolyte imbalance (n = 3) or thyroid diseases (n = 7). 
Assessment
BMD was assayed at lumbar spine L2-L4 in a supine position by dual-energy X-ray absorptiometer (DEXA) measurement 
 ADDIN EN.CITE 
(Placide and Martens 2003; Sturtridge et al. 1996; Theodorou et al. 2002)
, which was reviewed by experienced radiologists who kept unaware of the clinical characteristics of the subjects. Osteopenia was defined by an absolute BMD value, T score, between –2.5 and –1 Czerwinski 1997()
, and osteoporosis was defined by a T score of –2.5 or lower Kanis 2002()
. T score ( –1 was regarded as low BMD (abbreviated as LBMD, including osteopenia and osteoporosis) Czerwinski 1997()
. T scores were derived from the comparison with 30-year-old population. DEXA Z score was also measured to help determine whether bone mineral loss resulted from aging Swaminathan et al. 2009()
. Z score ( –1 was regarded as bone mineral loss with causes other than age itself Swaminathan et al. 2009()
. 
Blood samples were collected at 8 AM for the analysis of bone-remodeling related factors, including complete blood and platelet count, serum estradiol, testosterone, LH, FSH, prolactin, cortisol, thyroid hormone, TSH, GOT (glutamic oxaloacetic transaminase), GPT (glutamic pyruvic transaminase), BUN (blood urea nitrogen), creatinine, alkaline phosphatase, and calcium. Hyperprolactinemia is defined as an excess of prolactin above a reference laboratory’s upper limit, 25 ng/ml in women 
 ADDIN EN.CITE 
(Iwasa et al. 2006; Karasek et al. 2006)
 and 17 ng/ml in men 
 ADDIN EN.CITE 
(Perez-Iglesias et al. 2012)
. Since women with schizophrenia in this population usually had irregular menstrual cycle or could not report their menstrual cycles precisely, we did not control the time of estradiol measurement. Pedometers were used to measure activity level by calculating average steps for 24 h 
 ADDIN EN.CITE 
(Kishimoto et al. 2008)
. Physical examinations including weight, height, body mass index (BMI), waist circumstance, and menopausal status were also determined. 
Research psychiatrists collected clinical data such as history of psychiatric and physical illness and medication kind and duration by chart review and structured clinical interview. Positive and Negative Syndrome Scale (PANSS) 
 ADDIN EN.CITE 
(Buchanan et al. 2005; Kay et al. 1987)
 and Global Assessment of Functioning (GAF) (axis V of DSM-IV) were used to assess the severity of psychopathological symptoms and overall functioning. An intra-class correlation coefficient (ICC) of 0.95 was obtained among the raters. 

Statistical Analysis
Chi square tests or Fisher’s exact test was applied for between-group comparisons of categorical data. Continuous data were analyzed by t-test and ANOVA, or the corresponding non-parametric method, Mann-Whitney U test and Kruskal-Wallis test, for variables with non-normal distributions. Shapiro-Wilk W test was used to examine normality. The multiple regression models were used to explore the potential prognostic factors related to DEXA T score. The mixed effect models were applied for estimating fixed and random effects regression models. All tests were two-tailed, and significance of tests was defined as p-values < 0.05. Data were analyzed with SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) and SAS 9.3 system (SAS Institute, Cary, North Carolina) for Windows. 
Results
Patients
A total of 195 patients (80 men and 115 women) were enrolled, 105 patients (53.8%) of whom were from the outpatient clinics and the remainders were from the inpatient units. Age, education duration, BMI, duration of disease, duration of antipsychotic treatment, antipsychotic dose, severity of psychotic symptoms, and global functioning were similar between men and women (Table 1). The two gender groups also had similar cortisol and thyroid hormone levels; however, men had larger waist circumstance, higher serum calcium, lower estradiol, higher testosterone and lower prolactin level (Table 1). 
Men had Lower Bone Density than Women
Men had insignificantly lower mean DEXA T score than women (-0.43 vs. -0.22, P = 0.29, Table 1) and significantly lower mean DEXA Z score than women (-0.23 vs. 0.24, P = 0.012, Table 1). DEXA Z score was developed for excluding age effects on BMD Swaminathan et al. 2009()
. Compared to women, men tended, but insignificantly, to have more LBMD by both DEXA T score definition Theodorou et al. 2002()
 (27/80 [33.8%] vs. 28/115 [24.3%], P=0.195, Table 1) and DEXA Z score definition Swaminathan et al. 2009()
 (42/80 [52.5%] vs. 47/115 [40.9%], P =0.144, Table 1). 
Predictive Factors of Bone Density Differed between Men and Women
Backward multiple linear regression was applied to identify the predictive factors of BMD (DEXA T score) in two gender groups separately (Table 2). Potential predictors included age, education duration, duration of schizophrenia, duration of antipsychotic treatment, body weight, height, BMI, waist circumstances, menopausal status (for women), PR antipsychotics or PS antipsychotics or combination use, PR antipsychotics dose, PS antipsychotics dose, concomitant mood stabilizer use, PANSS subscale scores, GAF score, pedometer steps, calcium level, alkaline phosphatase level, TSH level, T3 level, cortisol level, estradiol level, testosterone level, prolactin level and hyperprolactinemia.
Prior to application of multiple linear regressions, simple linear regressions separately examined all potentially predicting variables aforementioned. All the variables which influenced the DEXA T score in single linear regressions were then selected to be predicting variables for the multiple linear regression models.
In men, hyperprolactinemia (B = -0.821, P = 0.009), body weight (B = 0.024, P = 0.046) and GAF score (B = 0.027, P = 0.043) were associated with DEXA T score (adjusted R square = 0.254, Table 2 and Supplementary Table 1). 
In women, postmenopausal (B = -1.070, P < 0.001), body weight (B = 0.027, P = 0.003) and PANSS positive-subscale score (B = 0.094, P < 0.001) were associated with DEXA T score (adjusted R square = 0.282, Table 2 and Supplementary Table 2). 
Mixed effect model was further applied for estimating random and fixed effects regression models. The result of fitted line and scatter plots by fixed effect model for DEXA T score vs. predicting value was slightly better for women (adjusted R-Square = 0.282) than for men (adjusted R-Square = 0.254). By the mixed effects model with the PROC MIXED procedure in the SAS system, we added β0i’s into the model and used the intercept as the random effect term to describe the potential individual variations of the T score and all those prognostic factors in Supplementary Tables 1 and 2 as the fixed effect terms. Without repeated measurements, the mixed effects models were over fitted models for men and for women, respectively (Figure 1 (a) and (b)). The fitted model was significantly improved for men (the adjusted R-square increased from 0.254 to 0.940), and so was for women (the adjusted R-square rose from 0.282 to 0.920). 
Antipsychotics-related Factors of Bone Density in Men and Women
PS antipsychotics in the current study included olanzapine, quetiapine, aripiprazole, and clozapine; and PR antipsychotics included typical antipsychotics, risperidone, amisulpride, paliperidone, and ziprasidone. Patients taking PS antipsychotics alone (n = 101), patients receiving PR + PS combination treatment (n = 38), and patients receiving PR antipsychotics alone (n = 56) had different prolactin levels (17.9±18.0 ng/ml, 47.8±57.4 ng/ml, 72.5±61.6 ng/ml, respectively, P < 0.001, ANOVA test). Men and women had similar distribution between the three subgroups (χ2=0.940, P = 0.63). 
For PR antipsychotics subgroup, men had a trend to have lower BMD than women (P = 0.070, Table 3). For PS antipsychotics and combination subgroups, the BMD between men and women were not different significantly (P = 0.622 and 0.870, respectively, Table 3). In men, the BMD in the PS antipsychotics subgroup was higher than the PR antipsychotics subgroup and the combination subgroups (P = 0.073, not shown). In women, the BMD in the PS antipsychotics subgroup was also higher than the PR antipsychotics subgroup and the combination subgroups, but not significantly (P = 0.198, not shown). 
Discussion

The current study revealed several interesting findings. First, to our knowledge, this is the first study in schizophrenia indicating that positive symptoms may affect BMD in women, while GAF affects BMD in men (Tables 2). Second, this study supports previous finding that men may have lower BMD than women Kinon et al. 2013()
, particularly for those receiving PR antipsychotics. Third, men with hyperprolactinemia and women after menopause are particularly vulnerable to low bone density. Therefore, gender- and antipsychotic-specific strategies are required for preventing and managing bone loss in patients with schizophrenia. 
Despite the well-known notion that body weight is a protective factor for bone density 
 ADDIN EN.CITE 
(Akdeniz et al. 2009; Howes et al. 2005; Hummer et al. 2005; Kim et al. 2008)
, this is the first study indicating that severer positive symptoms may be associated with higher BMD in women with schizophrenia (Tables 2). A positive association between positive symptoms and physical activity was found in one earlier study 
 ADDIN EN.CITE 
(Walther et al. 2009)
, but not in others 
 ADDIN EN.CITE 
(Hummer et al. 2005; Lee et al. 2010)
. The discrepancy may be partially due to the different ethnicities and sample sizes: n = 195 in the current study, 75 
 ADDIN EN.CITE 
(Hummer et al. 2005)
 and 45 Lee et al. 2010()
 in previous studies. One possible explanation of the association between positive symptoms and BMD could be that positive symptoms such as suspiciousness and hallucinatory behavior are accompanied by a neurophysiologic arousal and increased psychomotor activity 
 ADDIN EN.CITE 
(Walther et al. 2009)
. However, the underlying mechanism requires further elucidation. Moreover, the finding on positive symptoms and bone density should be confirmed in a longitudinal follow up of acutely ill patients who later remit. If the preliminary finding is replicated in the future, physicians should carefully monitor BMD when patients’ positive symptoms subside. 
A study in patients with osteogenesis imperfect found that global functioning was positively correlated with BMD, supporting our finding in men (Tables 2). Global functioning has been demonstrated to be correlated with the exercise capacity Vancampfort et al. 2012()
 that contributes to BMD in patients with schizophrenia 
 ADDIN EN.CITE 
(Halbreich and Palter 1996; Kishimoto et al. 2008)
. 
A recent study supports our notion that antipsychotics-induced hyperprolactinemia is associated with lower bone mass in men but not in women Kinon et al. 2013()
. Bone loss was shown to be inversely correlated with testosterone level 
 ADDIN EN.CITE 
(Kinon et al. 2013; Meaney et al. 2004)
. Therefore, men with hyperprolactinemia need special care for bone health. A longitudinal study in female patients found that treatment of PR antipsychotics led to bone loss over a year, whereas PS antipsychotics increased BMD 
 ADDIN EN.CITE 
(Meaney and O'Keane 2007)
. In another study, switching from conventional antipsychotics or risperidone to olanzapine reduced serum prolactin levels in patients with schizophrenia 
 ADDIN EN.CITE 
(Kinon et al. 2006)
. It needs further investigation whether changing to PS antipsychotics can slow down bone loss via decreasing prolactin levels in men Byerly et al. 2007()
. Similar to previous studies 
 ADDIN EN.CITE 
(Kearns et al. 2000; Kinon et al. 2013)
, duration of antipsychotic treatment was not significantly related to BMD in the final model of our sample. It is possible that prolactin-raising effect is independent of the duration of antipsychotic administration Paparrigopoulos et al. 2007


( ADDIN EN.CITE )
. 
The result of the mixed effect model suggests that the patients may have had different BMD before treatment of schizophrenia due to genetic or other predisposing factors including bone metabolism, thereby lowering the R squares of the multiple linear regression models. This study has other limitations. First, this cross-sectional study did not collect the baseline body weight and BMD values in patients before treatment, nor collect BMD of normal individuals for comparison. Second, the findings of the current study may be unable to be extrapolated to all patients with schizophrenia because the population of the present study had relatively long duration of disease (around 20 years) and chronically ill symptoms (PANSS total score around 85). Third, it was not easy to control diet and exercise rigorously for patients at outpatient clinics although education had been provided for them. Fourth, the potential effect of estradiol on BMD cannot be ascertained in this study because the timing of estradiol measurement was not controlled. 
In summary, this large-scale, multicenter study assessed numerous variables in patients with schizophrenia. It provides valuable information about gender-specific factors of low BMD. Clinicians should be cautious about them when evaluating or managing low BMD for patients with schizophrenia. Since positive symptoms may be positively related to BMD in female patients, their bone density deserves particular attention when their positive symptoms subside. Further studies for replicating the preliminary finding and elucidating the underlying mechanisms are needed. Prospective study is also warranted to clarify whether switching from PR to PS antipsychotics helps to rescue bone loss. 
	Table 1. Demographic and clinical characteristics of men and women with schizophrenia 

	Characteristics
	Men (N=80)
	Women (N=115)
	Test statistic
	P

	
	Mean
	SD
	Mean
	SD
	
	

	Age (y)
	42.4
	9.0
	43.3
	10.2
	t= -0.674
	0.50

	Education duration (y)
	11.0
	2.8
	10.4
	3.3
	Z= -1.174
	0.24 ‡

	Body weight (Kg)
	73.1
	12.5
	63.8
	12.4
	Z= -4.966
	< 0.001 ‡

	Body mass index 
	25.6
	4.1
	26.2
	4.6
	t= -0.802
	0.42

	Waist circumstance (cm)
	94.6
	10.8
	89.8
	12.0
	Z= -2.610
	0.009 ‡

	Duration of disease (month)
	245.7
	112.9
	235.9
	112.8
	t = 0.591
	0.56

	Duration of antipsychotic treatment (day)
	2841.7
	2316.0
	2948.8
	3118.9
	Z= -1.034
	0.30 ‡

	Chlorpromazine equivalence dose (mg/day)Gardner et al.()

	578.4
	358.5
	559.6
	462.4
	Z= -1.039
	0.30 ‡

	PANSS total score
	85.6
	15.7
	85.8
	16.5
	t= -0.080
	0.94

	PANSS positive-subscale score
	18.8
	4.2
	19.6
	5.1
	t= -1.236
	0.22

	PANSS negative-subscale score
	22.2
	4.5
	22.7
	5.4
	t= -0.669
	0.50

	PANSS general-psychopathology score
	44.5
	8.6
	43.6
	9.1
	Z= -1.088
	0.28 ‡

	Global Assessment of Functioning score
	43.9
	12.2
	44.3
	12.0
	Z= -0.122
	0.90 ‡

	Pedometer steps
	3619.9
	3272.1
	5094.7
	5164.8
	Z= -1.535
	0.125 ‡

	Calcium (mg/dl)
	9.1
	0.4
	8.9
	0.5
	t= 3.016
	0.003

	Alkaline phosphatase (U/L)
	70.5
	19.8
	70.3
	20.0
	Z= -0.258
	0.80 ‡

	TSH (mIU/L)
	1.5
	0.9
	1.8
	1.3
	Z= -0.771
	0.44 ‡

	T3 (ng/dl)
	93.8
	20.3
	93.3
	22.6
	Z= -0.500
	0.62‡

	Cortisol (μg/dl)
	12.2
	4.2
	12.2
	4.4
	t= -0.117
	0.91

	Estradiol (ng/ml)
	29.2
	11.2
	55.1
	51.5
	Z= -3.228
	< 0.001 ‡

	Testosterone (ng/ml)
	3.9
	2.4
	0.5
	0.3
	Z= -11.817
	< 0.001 ‡

	Prolactin (ng/ml)
	16.4
	11.1
	55.4
	58.6
	Z= -5.726
	< 0.001 ‡

	DEXA T score
	-0.43
	1.43
	-0.22
	1.33
	t= -1.068
	0.29

	DEXA Z score
	-0.23
	1.38
	0.24
	1.16
	t= -2.526
	0.012

	
	N
	%
	N
	%
	
	

	Antipsychotics

  Prolactin-raising (PR)

  Prolactin-sparing (PS)

  Combination (PR+PS)
	
	
	
	
	χ2=0.940
	0.63

	
	20
	25.0
	36
	31.3
	
	

	
	44
	55.0
	57
	49.6
	
	

	
	16
	20.0
	22
	19.1
	
	

	Concomitant all mood stabilizers ◎
	16
	20.0
	25
	21.7
	χ2=0.086
	0.86 †

	Concomitant lithium treatment
	8
	10.0
	8
	7.0
	χ2=0.580
	0.60 †

	Concomitant valproate treatment
	8
	10.0
	14
	12.2
	χ2=0.223
	0.82 †

	Concomitant carbamazepine treatment
	0
	0
	5
	4.3
	χ2=3.570
	0.08 †

	Hyperprolactinemia※
	38
	47.5
	63
	54.8
	χ2=1.002
	0.38 †

	Low bone mineral density using DEXA T score (LBMDT)§
	27
	33.8
	28
	24.3
	χ2=2.060
	0.20 †

	Low bone mineral density using DEXA Z score (LBMDZ)*
	42
	52.5
	47
	40.9
	χ2=2.572
	0.14 †

	PANSS: Positive and Negative Syndrome Scale 
※ Hyperprolactinemia was defined as prolactin level > 25 ng/ml in women and > 17 ng/ml in men 
 ADDIN EN.CITE 
(Iwasa et al. 2006; Karasek et al. 2006; Perez-Iglesias et al. 2012)
. 

§ LBMDT was defined as DEXA T score ( –1Czerwinski 1997()

* LBMDZ was defined as DEXA Z score ( –1Swaminathan et al. 2009()

◎ Mood stabilizers included valproate, carbamazepine and lithium

‡ Mann-Whitney U test, for variables with non-normal distributions 

† Fisher’s exact test




	Table 2. Multiple linear regression analysis (backward) of independent predictive factors associated with DEXA T score in male and female patients with schizophrenia  

	Variable
	B (SE)
	t
	P

	Men (N = 80)
	
	
	

	   Hyperprolactinemia
	-0.821 (0.305)
	-2.692
	0.009

	   Body weight (Kg)
	0.024 (0.012)
	2.033
	0.046

	   Global Assessment of Functioning score
	0.027 (0.013)
	2.060
	0.043

	   Adjusted R square = 0.254

	
	
	
	

	Women (N = 115)
	
	
	

	   Menopausal status (postmenopausal)
	-1.070 (0.251)
	-4.269
	<0.001

	   Body weight (Kg)
	0.027 (0.009)
	3.067
	0.003

	   PANSS positive-subscale score
	0.094 (0.021)
	4.453
	<0.001

	   Adjusted R square = 0.282


    Prior to application of multiple linear regressions, simple linear regression models separately examined all potentially predicting variables (details shown in Supplementary Table 1 and 2).  
All the variables which influenced the DEXA T score in single linear regressions were then selected to be predicting variables for the multiple linear regression models. 
	Table 3. DEXA T score in subgroups of antipsychotics in men and women with schizophrenia  

	
	Men
	Women
	t
	P

	PR antipsychotics subgroup (N)
	-1.03 (20)
	-0.35 (36)
	-1.847
	0.070

	   
	
	
	
	

	PR + PS psychotics combination subgroup (N)
	-0.49 (16)
	-0.56 (22)
	-0.165
	0.870

	
	
	
	
	

	PS antipsychotics subgroup (N)
	-0.15 (44)
	-0.01 (57)
	-0.495
	0.622

	   
	
	
	
	


	Supplementary Table 1. Simple and multiple linear regression analyses of independent predictive factors * associated with DEXA T score in schizophrenic men (backward)

	
	Univariate
	Multivariate

	Variables
	B (SE)
	P
	B (SE)
	t
	P

	Age (y)
	-0.016 (0.018)
	0.370
	
	
	

	Education duration (y)
	0.043 (0.059)
	0.466
	
	
	

	Duration of disease (month)
	-0.001 (0.002)
	0.585
	
	
	

	Duration of antipsychotic treatment (day)
	0.000 (0.000)
	0.015
	
	
	

	Body weight (Kg)
	0.036 (0.013)
	0.005
	0.024 (0.012)
	2.033
	0.046

	Height (cm)
	0.024 (0.029)
	0.402
	
	
	

	Body mass index (BMI)
	0.101 (0.039)
	0.011
	
	
	

	Waist circumstance (cm)
	0.030 (0.015)
	0.060
	
	
	

	PR antipsychotics or PS antipsychotics or combination use
	0.423 (0.186)
	0.026
	
	
	

	PR antipsychotics dose (mg/day) 
	-0.001 (0.000)
	0.046
	
	
	

	PS antipsychotics dose (mg/day) 
	0.000 (0.001)
	0.649
	
	
	

	Concomitant mood stabilizers
	-0.050 (0.411)
	0.904
	
	
	

	PANSS positive-subscale score
	0.009 (0.039)
	0.823
	
	
	

	PANSS negative-subscale score
	-0.096 (0.035)
	0.007
	
	
	

	PANSS general-subscale score
	-0.029 (0.019)
	0.126
	
	
	

	Global Assessment of Functioning score
	0.048 (0.012)
	<0.001
	0.027 (0.013)
	2.060
	0.043

	Pedometer steps
	0.000 (0.000)
	0.279
	
	
	

	Serum calcium (mg/dl)
	0.115 (0.463)
	0.804
	
	
	

	Alkaline phosphatase (U/L)
	0.001 (0.008)
	0.860
	
	
	

	TSH (mIU/L)
	0.039 (0.185)
	0.835
	
	
	

	T3 (ng/dl)
	0.004 (0.008)
	0.640
	
	
	

	Cortisol (μg/dl)
	0.019 (0.040)
	0.631
	
	
	

	Estradiol (pg/ml)
	0.000 (0.014)
	0.973
	
	
	

	Testosterone (pg/ml)
	0.000 (0.069)
	0.999
	
	
	

	Prolactin (ng/ml)
	-0.028 (0.014)
	0.058
	
	
	

	Hyperprolactinemia
	-1.181 (0.294)
	<0.001
	-0.821 (0.305)
	-2.692
	0.009

	Adjusted R square = 0.254
	
	
	
	
	


    Prior to application of multiple linear regressions, simple linear regression models separately examined all potentially predicting variables. All the variables which influenced the DEXA T score in single linear regressions were then selected to be predicting variables for the multiple linear regression models. 
	Supplementary Table 2. Simple and multiple linear regression analyses of independent predictive factors * associated with DEXA T score in schizophrenic women (backward)

	
	Univariate
	Multivariate

	Variables
	B (SE)
	P
	B (SE)
	t
	P

	Age (y)
	-0.033 (0.012)
	0.006
	
	
	

	Education duration (y)
	0.058 (0.039)
	0.136
	
	
	

	Duration of disease (month)
	0.002 (0.001)
	0.174
	
	
	

	Duration of antipsychotic treatment (day)
	0.000 (0.000)
	0.558
	
	
	

	Body weight (Kg)
	0.024 (0.010)
	0.018
	0.027 (0.009)
	3.067
	0.003

	Height (cm)
	0.042 (0.020)
	0.034
	
	
	

	Body mass index
	0.041 (0.027)
	0.128
	
	
	

	Waist circumstance (cm)
	0.019 (0.010)
	0.054
	
	
	

	Menopausal status (postmenopausal)
	-1.120 (0.379)
	0.004
	-1.070 (0.251)
	-4.269
	<0.001

	Hyperprolactinemia
	-0.094 (0.244)
	0.699
	
	
	

	Prolactin (ng/ml)
	-0.002 (0.002)
	0.358
	
	
	

	Estradiol (pg/ml)
	0.003 (0.002)
	0.196
	
	
	

	Testosterone (pg/ml)
	0.632 (0.410)
	0.126
	
	
	

	PR antipsychotics or PS antipsychotics or combination use
	0.179 (0.137)
	0.194
	
	
	

	PR antipsychotics dose (mg/day) 
	0.000 (0.000)
	0.204
	
	
	

	PS antipsychotics dose (mg/day) 
	0.001 (0.001)
	0.055
	
	
	

	Concomitant mood stabilizers
	0.410 (0.293)
	0.164
	
	
	

	PANSS positive-subscale score
	0.095 (0.023)
	<0.001
	0.094 (0.021)
	4.453
	<0.001

	PANSS negative-subscale score
	0.013 (0.023)
	0.558
	
	
	

	PANSS general-subscale score
	0.031 (0.013)
	0.021
	
	
	

	Global Assessment of Functioning score
	-0.002 (0.010)
	0.817
	
	
	

	Pedometer steps
	0.000 (0.000)
	0.172
	
	
	

	Cortisol (μg/dl)
	0.019 (0.028)
	0.489
	
	
	

	T3 (ng/dl)
	-0.002 (0.005)
	0.757
	
	
	

	TSH (mIU/L)
	-0.017 (0.094)
	0.861
	
	
	

	Alkaline phosphatase (U/L)
	-0.011 (0.006)
	0.084
	
	
	

	Serum calcium (mg/dl)
	0.198 (0.274)
	0.472
	
	
	

	Adjusted R square = 0.282
	
	
	
	
	


    Prior to application of multiple linear regressions, simple linear regression models separately examined all potentially predicting variables. All the variables which influenced the DEXA T score in single linear regressions were then selected to be predicting variables for the multiple linear regression models. 
Figure legend

Figure 1 (a). The fitted result for men using mixed effect model (Adjusted R-square = 0.940). Y axis is DEXA T score. X axis is the predicted value of DEXA T score based on the mixed effects model in the Supplementary Table 1.
Figure 1 (b). The fitted result for women using mixed effect model (Adjusted R-square = 0.920). Y axis is DEXA T score. X axis is the predicted value of DEXA T score based on the mixed effects model in the Supplementary Table 2.
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