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Abstract 

Objective: This study examined clinical and gender-specific risk factors for low bone mineral 

density (BMD) in adult patients with psychotic disorders. 

Methods: The study included 285 community-dwelling patients with psychotic disorders. Dual-

energy x-ray absorptiometry was used to measure BMD. Clinical characteristics associated with low 

BMD were identified with logistic regression analysis in total population and each gender.   

Results: Fifty-eight (20.4%) subjects had low BMD. Low BMD was more common in men and in 

patients with low body mass indices (BMIs), as well as in those with shorter treatment durations, 

those on Medicaid, and patients using serotonergic antidepressants. Logistic regression analysis 

revealed that low BMD was negatively associated with BMI and treatment duration and positively 

with gender (male) and serotonergic antidepressants use in the overall population. In men, low BMD 

was associated with treatment duration and BMI; in women, low BMD was associated with BMI, 

prolactin level, vitamin D, and serotonergic antidepressant use. 

Conclusion: Managing the risk factors associated with low BMD among patients with psychotic 

disorder should be done gender-specifically. Psychotropic agents should be prescribed mindful of 

their effects on bone, as use of these medications is a modifiable risk factor for osteoporosis in 

women with psychotic disorders. 
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1. Introduction 

Psychotic disorders are common globally and often lifelong conditions characterized by varying 

degrees of functional disability. The life expectancy of patients with schizophrenia is reduced by 12–

15 years, in part due to obesity, lack of exercise, smoking, and poor self-care (van Os & Kapur, 2009). 

The physical health of those with psychotic disorders is therefore critically important.  

Osteoporosis is a major yet covert, comorbidity in patients with schizophrenia that has recently 

attracted much clinical attention. It is characterized by low bone mineral density (BMD) and 

deterioration of the micro-architecture of bone tissue, with consequent increases in bone fragility and 

fracture susceptibility. Osteopenia, the precursor of osteoporosis, also carries an increased risk of 

fracture. Physical limitations, fractures, and associated complications render osteoporosis a serious 

public health problem associated with substantial morbidity and mortality. A recent meta-analysis of 

19 studies including 2905 patients with schizophrenia revealed that the overall pooled prevalence of 

low bone mass (osteopenia and osteoporosis) was 51.7%. Moreover, a subgroup analysis of 1814 

Asian patients with schizophrenia reported that 58.4% had low bone mass. Compared with the 

general population, patients with schizophrenia had an almost twofold increased risk of low bone 

mass (Stubbs et al., 2014). The authors of another review investigating BMD in patients with 

schizophrenia who used antipsychotics argued that gender-specific risk factors of low BMD should 

be considered (Chen et al., 2016).  

The etiology of BMD loss in patients with schizophrenia is complex and likely to be related to the 

disease, treatments and other lifestyle factors including smoking, reduced physical activity, alcohol 

abuse, vitamin D and calcium deficiencies, and polydipsia (Lean et al., 2004). Several recent studies 
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have suggested that reduced BMD in schizophrenia is associated with psychotropic medications (Wu 

et al., 2013). Antipsychotic-induced hyperprolactinemia reduces BMD by causing hypogonadism. 

Also, prolactin may directly affect human osteoblasts (Seriwatanachai et al., 2009). However, some 

studies have found no significant correlation between prolactin level and reduced BMD (Howes et al., 

2005). Several reviews and a meta-analysis reported that the evidence suggesting antipsychotic-

induced hyperprolactinemia is a major risk factor for bone loss is both limited and contradictory 

(Kishimoto et al., 2012). In addition, several longitudinal, cross-sectional, and prospective cohort 

studies have explored the potential risk of reduced BMD in patients taking antidepressants (ADs), 

particularly selective serotonin reuptake inhibitors (SSRIs) (Haney et al., 2007; Richards et al., 2007). 

But most of these studies involved elderly non-psychotic patients.  

Given the evidence to date, the aim of this study is to explore potentially modifiable risk factors 

for low BMD in community-dwelling adults with psychotic disorders. Furthermore, we sought to 

identify gender-specific risk factors. 
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2. Methods 

2.1. Participants 

This is a sub study of the Gwangju Comprehensive Health Inspection for Mental Illness study, 

which aims to evaluate the physical health of patients with mental illness treated in community 

mental health centers in Gwangju, Korea. The parental study enrolled 386 patients with mental 

illness. Inclusion criteria of the present study were patients aged ≤ 60 years to exclude potential age-

related idiopathic osteoporosis and patients diagnosed with psychotic disorder. Of the 386 patients 

enrolled, 285 subjects were finally included in the present study, of which 241 (84.6%) had 

schizophrenia and 44 (15.4%) had affective psychoses. The study was approved by Chonnam 

National University Hospital’s Institutional Review Board. All subjects provided written informed 

consent before participating. 

 

2.2. Measures 

Basic demographic and clinical information were obtained from medical records and their case 

managers; psychiatric diagnoses, duration of treatment, prescribed medications and dosages, and 

type of medical insurance (Medicaid for disadvantaged people and Medicare for the remainder). The 

Clinical Global Impression (CGI) Scale was administered by case managers to evaluate global 

symptom severity and functional impairment, and assessed suicidal ideation. This measure is used in 

general health screening by the Korean National Health Insurance Service to evaluate physical 

activity and depressive symptoms (Corporation). Specifically, physical activity was measured by 

three items of the International Physical Activity Questionnaire (IPAQ)-Short Form (vigorous 
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physical activities, moderate physical activities, walk) (Sjøstrom et al., 2000). Participants were 

categorized into two groups according to the IPAQ scoring protocol (IPAQ, 2005). The active group 

was defined as a) ≥ 3 days of vigorous activity or b) ≥ 5 days of moderate physical activities or 

walking at least 30 minutes per day or c) ≥ 5 days of any combination of walking, moderate or 

vigorous activities. Those participants who did not meet the criteria for active group membership 

were categorized as inactive. Depressive symptoms were measured by four items of the Center for 

Epidemiological Studies Depression Scale (bothered by things, poor appetite, felt blue, felt depressed) 

(Radloff, 1977). Dietary habits were measured using 20 questions based on dietary guidance 

published by the Korean Ministry for Health, Welfare and Family Affairs. The dietary questionnaire 

consists of three subcategories including 5 items for diet regularity, 6 items for balanced diet, and 9 

items for unhealthy diet and habits. In this study, the dairy intake item was used as a proxy variable 

for calcium intake. Dairy intake ≥ 3 days per week was defined as regular intake and dairy intake ≤ 2 

days per week was defined as irregular intake. Score on the balanced diet subscale was also used as a 

variable for habitual diet.  

Lumbar spine (L1–L4) BMD was determined by dual-energy X-ray absorptiometry (Prodigy; GE, 

Madison, WI, USA). The World Health Organization defines osteopenia as a BMD of more than 1 

but less than 2.5 standard deviations below the mean for young adults (T scores <-1 and >-2.5) and 

osteoporosis as a BMD 2.5 standard deviations or more below the young adult mean (T score ≤ -2.5). 

Normal BMD is defined as a BMD ≥1 standard deviations above the mean (T score ≥ -1). Low bone 

mass was defined as a BMD T score of <-1.  

Weight and height were measured to the nearest 0.1 kg and 0.1 cm, respectively, and body mass 

index (BMI) calculated as weight/height² (kg/m²). Fasting venous blood samples were obtained to 
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assess prolactin and vitamin D levels. The participants were categorized into two groups according to 

the median value of vitamin D (14.3 ng/mL in total, 15.3 ng/mL in men and 14.0 ng/mL in women). 

It is notable that the standard for sufficient vitamin D levels might be different according to ethnicity 

(Mithal et al., 2009).   

Patients were divided into those on relatively prolactin-sparing and non-prolactin-sparing 

antipsychotics. Half of all subjects were on antipsychotic combination therapy. Thus, those on 

prolactin-sparing antipsychotics only were included in the prolactin-sparing group; these included 

aripiprazole, quetiapine, clozapine and olanzapine. Risperidone-equivalent doses were calculated to 

assess dose-dependent drug effects. Among antidepressants, serotonergic antidepressants included 

selective serotonin reuptake inhibitors (SSRIs), mirtazapine, and trazodone (n=42). Bupropion, 

tianeptine, and tricyclic antidepressants were not included in the category of serotonergic 

antidepressants (n=18).  

 

2.3. Statistical Analysis 

The participants were divided into two groups based on BMD status according to gender. 

Sociodemographic and clinical characteristics were compared between the two groups using the 

independent t-test, chi-squared test, and Mann–Whitney U-test, as appropriate. Factors associated 

with low BMD in univariate analyses (p < 0.1) were tested in the models. Age, prolactin level, and 

vitamin D group were simultaneously entered into the multivariate analysis due to previously been 

shown to affect BMD. As formal depression scale data were not available, current suicidal ideation 

was included to as an index of depressive symptoms when analyzing serotonergic antidepressants use. 

Factors for which equal variance was not assumed were log transformed for the regression analysis. 
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All data were analyzed using SPSS for Windows ver. 23.0. Statistical significance was defined as p < 

0.05 (two-tailed).  
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3. Results 

Two hundred and eighty five patients were included [160 (56.1%) males, 118 females; mean 

age 40 ± 11 years]. The median duration of antipsychotic treatment was 13 years (interquartile range 

6–22 years). Mean BMI was 26.0 ± 4.8 kg/m2, and 70.9% of the patients were considered overweight 

(BMI > 23 kg/m2). BMI tended to be associated positively with the duration of treatment, although 

this association was not significant (r = 0.148, p = 0.070). 

Of the participants, 58 (20.4%) had low BMD (n=52 osteopenia and n=6 osteoporosis). Table 

1 lists the sociodemographic and clinical characteristics of the groups according to BMD and sex. 

Low BMD was associated with lower BMI, shorter treatment duration, male gender, Medicaid 

service, and use of serotonergic antidepressants (all p < 0.05); otherwise the groups were similar in 

regards to age, prolactin and vitamin D levels, exercise, depressive symptoms, antipsychotic dose, 

CGI score, dairy intake, balanced diet, suicidal ideation, prolactin sparing antipsychotic use and 

smoking status. Prolactin level, antipsychotic dose, and smoking status differed between males and 

females (all p < 0.05); otherwise the groups were similar in regards to other demographic and clinical 

characteristics. Table 2 summarizes the sociodemographic and clinical characteristics according to 

low BMD for males and females. Among men, lower BMI and shorter treatment duration were 

associated significantly with reduced BMD (p < 0.05). For women, lower BMI, vitamin D, and 

serotonergic antidepressant use was associated with reduced BMD (p < 0.05). Table 3 presents the 

multivariate analysis according to the whole group and by sex. After adjustment for other 

confounding variables, low BMD was associated positively with serotonergic antidepressant use 

[adjusted odds ratio (OR) = 2.5, 95% confidence interval (CI) = 1.1–5.8] and male gender (adjusted 
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OR = 3.0, 95% CI = 1.3–6.5), and negatively with BMI (adjusted OR = 0.8, 95% CI = 0.7–0.9) and 

treatment duration (adjusted OR = 0.7, 95% CI = 0.5–0.9). 

Subgroup analysis revealed that low BMD in men was significantly associated with BMI (OR = 

0.8, 95% CI=0.7–0.9) and treatment duration (OR = 0.6, 95% CI = 0.4–0.9). In women, low BMD 

was significantly associated with BMI (OR = 0.8, 95% CI = 0.7–0.9), prolactin level (OR = 2.5, 95% 

CI = 1.1–5.3), low vitamin D group (OR = 12.5, 95% CI = 1.9-84.6) and serotonergic antidepressant 

use (OR = 34, 95% CI = 3.8-306.6). 
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4. Discussion 

In this study, several gender-specific risk factors were found to be associated with low BMD. 

The proportion of subjects with low BMD was significantly greater in men than in women. In men, 

shorter treatment duration and low BMI were associated with low BMD. In women, antipsychotic-

induced hyperprolactinemia, low BMI, low vitamin D and serotonergic antidepressant use were 

associated significantly with lower BMD. To our knowledge, this study is the first to identify 

serotonergic antidepressant use as an independent risk factor for reduced BMD in adult women with 

psychotic disorders. 

 Many studies have now shown serotonergic antidepressant use to be associated with low BMD 

in both population based and clinical samples of patients with depression. One population-based 

cohort study of 5008 adults showed that daily SSRI use lowered hip BMD and doubled the risk of 

fragility fracture; the effects were dose dependent (Richards et al., 2007). In a study similar to ours, 

83 boys on risperidone and SSRIs exhibited a reduced radial trabecular BMD (Calarge et al., 2010). 

Our study subjects also explored non-elderly adults but the association between serotonergic 

antidepressant use and low BMD was significant even after adjusting for confounding factors. 

Because our study participants had psychotic disorders, it appears that the underlying susceptibility 

of such disorders, associated risk factors, and medication effects may interact with serotonergic 

antidepressant use to reduce BMD.  

Serotonin plays a significant role in bone remodeling and SSRIs may affect bone metabolism by 

regulating the levels of circulating serotonin and inhibiting the serotonin transporter. Yadav et al. 

were the first to report that circulating serotonin bound directly to the osteoblast 5-HT1B receptor 

and reduced cell proliferation (Yadav et al., 2008). A recent study showed that serotonin controlled 
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osteoclastogenesis via a paracrine/autocrine mechanism and that osteoclasts were the source of 

locally synthesized serotonin in bone microenvironments (Chabbi-Achengli et al., 2012). SSRIs 

specifically reduced both osteoclast and osteoblast numbers via a mechanism other than modulation 

of the extracellular 5-HT concentrations (Hodge et al., 2013). Another study found that serotonin 

transporter gene 5-HTTVNTR polymorphisms were more common in osteoporotic patients (Ferreira 

et al., 2011). Although the exact mechanism by which serotonergic pathways affect bone is unclear, it 

appears that SSRIs may exert anti-anabolic skeletal effects by pharmacologically inhibiting the 

serotonin transporter (Fernandes et al., 2016). 

Our study revealed male patients were 3-fold more likely than females to have a low BMD, 

contrary to the notion that females are at greater risk of low BMD (Klibanski et al., 2001). Several 

studies of psychiatric patients also reported significantly lower BMDs in men on neuroleptics than in 

women (Hummer et al., 2005). The higher prevalence of smoking and alcohol use among males may 

negatively affect BMD. Women have also been suggested to pay more attention than men to nutrition 

and exercise, and therefore to experience less osteoporosis. In our study, however, we found that 

smoking status was not significantly associated with low BMD in men. In addition, the levels of 

vitamin D and exercise did not differ significantly by gender. Further studies are needed to 

investigate why low BMD is more prevalent in men with psychosis than in female patients.  

BMI was significantly lower in subjects with low BMD compared with normal BMD in both 

genders. Although several recent studies have suggested that obesity is a risk factor for certain 

fractures, extensive epidemiological studies have shown that elevated body weight or BMI is 

positively associated with increased BMD. This positive association is explained by the greater 

mechanical loads placed on bone by larger body masses, with a consequent increase in BMD 
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(Caffarelli et al., 2014). Estrogen production from abundant adipose tissue and increased leptin 

resistance also exert protective effects on BMD (Reid, 2010). The mean BMI (26.0 kg/m2) of our 

subjects was higher than normal, possibly attributable to the use of antipsychotics. As we also found, 

a BMI of 26–28 kg/m2 afforded some protection against low BMD, whereas a lower BMI of 22-24 

kg/m2 increased the risk (Wardlaw, 1996).  

No consensus has been established on the association between decreased BMD and 

antipsychotic treatment duration. We found that shorter treatment duration was significantly 

associated with low BMD and that hyperprolactinemia was not associated with low BMD in men. 

One possible cause is the protective effect of body weight on BMD. Overweight status was very 

prevalent among patients in this study compared with the Korean general population, and treatment 

duration tended to be associated with high BMI. Taken together, these findings indirectly suggest that 

weight gain during treatment has a protective effect on low BMD in men with schizophrenia. This 

begs the question, why do women differ? One possible answer is that the duration of 

hyperprolactinemia induced by antipsychotics affected BMD more critically (Kishimoto et al., 2008) 

than did the duration of weight gain in women, as hyperprolactinemia was associated independently 

with low BMD only in women.  

Our finding of significantly higher prolactin levels in women than in men is in line with the 

findings of previous studies (Kinon et al., 2013). Gender differences in the effects of 

hyperprolactinemia might be attributable to the degree of hyperprolactinemia and interaction with 

estrogen. A recent review showed that the results of 13 of 24 studies in which schizophrenia was 

treated with antipsychotic medications supported an association between high prolactin level and low 

BMD, whereas findings of the remaining studies did not (De Hert et al., 2016). These inconclusive 
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results might be attributed to differential sex effects of hyperprolactinemia on low BMD. Although 

hyperprolactinemia was associated with low BMD, use of prolactin-sparing antipsychotics did not 

protect against low BMD in our study. One possible factor is that antipsychotics, including D2 

receptor antagonists, might also affect bone mass via suppressing human osteoclastogenesis (Hanami 

et al., 2013). Further studies are needed to investigate the relationship between bone mass and 

antipsychotics considering the effect of prolactin and dopamine signaling on bone.  

Several studies have found that a low serum 25-OHD level is associated with low BMD (Sadat-

Ali et al, 2011). We also found that low vitamin D was significantly associated with low BMD in 

women. In this study, the median value of vitamin D level of participants was 14.3 ng/mL, which is 

below the level for vitamin D insufficiency (20 ng/mL) proposed in Western countries. However, it 

is unclear whether vitamin D supplementation prevents osteoporosis and falls (Sanders et al., 2010). 

Further research is needed to examine the benefits of vitamin D supplementation on bone, 

particularly in female patients taking serotonergic antidepressants and antipsychotics inducing 

hyperprolactinemia.  

Age showed no significant associations with low BMD in our study, although the age range 

in our sample was narrow. Osteoporosis is an age-related disorder and elderly subjects are included 

in most studies of the condition. However, the mean age of our study participants was less than 40 

years and 81% were younger than 50. One study of premenopausal bone loss in 225 Caucasian 

females found that spinal bone mass peaked in the mid-30s (Rodin et al., 1990). Another study of 

265 premenopausal Caucasian females aged 8–50 years found that lumbar spine BMD peaked at the 

age of 18 years and did not change thereafter to the age of 50 years (Matkovic et al., 1994). Thus, 

age may not be a significant risk factor for low BMD in non-elderly adults.  
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Among the risk factors that we identified, serotonergic antidepressant use could be easily 

regulated, and there appear to be large between agent differences in terms of effects on bone (Hodge 

et al., 2013). Concomitant antidepressants were prescribed to about 20% of subjects diagnosed with 

psychotic disorders in this study. A recent review found that 40% of schizophrenia patients in 

Western countries and 8.7% in Asian countries were on adjunctive ADs (Mao et al., 2015). However, 

the 2009 Psychopharmacological Treatment Recommendations and Summary Statements of the 

Schizophrenia Patient Outcomes Research Team (PORT) altered the earlier recommendation that 

antidepressants should be used to treat depressive symptoms in schizophrenia patients because 

evidence of its utility was lacking (Buchanan et al., 2010). Also, a recent review of 18 double-

blinded, placebo-controlled clinical trials of adjunctive antidepressants found no significant effects 

were apparent in 11 of these (Mao et al., 2015). Considering that serotonergic antidepressants reduce 

BMD and do not effectively treat the depressive symptoms of schizophrenia, they should be carefully 

prescribed. Alternatives to serotonergic antidepressants should thus be considered. 

This study has several limitations. First, we did not measure sex hormone levels. Thus, the 

association between prolactin level and low BMD should be interpreted carefully. Second, known 

confounding factors including other medications known to affect bone, sunlight exposure and 

negative symptoms were not controlled. Third, no formal measure of depression was used to control 

for the severity of depression, which has been shown to be associated with bone independent of SSRI 

use (Williams et al., 2016). However, the association between serotonergic antidepressant use and 

low BMD was maintained after adjusting for the presence of suicidal ideation, which may be 

associated with depression. Finally, dose-response relationship by duration of antidepressants use 

was not investigated in this study. 
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Nevertheless, this study has important clinical and research implications, including the 

demonstration of the gender effects of hyperprolactinemia on low BMD, which might explain the 

inconclusive results obtained in other studies. Whereas high BMI is associated with metabolic 

syndrome in patients taking antipsychotics, low BMI is associated with low BMD.  

In conclusion, our study revealed several risk factors associated with low BMD among 

patients with psychotic disorder and it showed gender difference. These factors should be managed 

to predict and prevent serious consequences of osteoporosis. Furthermore, psychotropic agents 

which affects bone should be prescribed mindful and alternatives should be considered.  
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Table 1. Comparisons of clinical characteristics of patients with or without low bone mineral density  

 

 

Total 

(n=285) 

Low BMD 
p-value 

Gender 
p-value 

No (n=227), 
79.6% 

Yes (n=58), 
20.4% Male (n=160) Female (n=125) 

Age, mean (SD), y 40.0(11.1) 39.8(10.9) 40.8(12.2) 0.527 40.2(11.0) 39.8(11.4) 0.751 

BMI, mean (SD), kg/m2 26.0(4.8) 26.6(4.7) 23.3(4.3) <0.001 25.7(4.6) 26.2(5.0) 0.401 

Prolactin, Med. (IQR), ng/mL 24.4(10-56.3) 23(10.0-56) 26.2(10.6-58) 0.468 20(8.0-38.8) 33.4(15-101) <0.001 

DOI, Med. (IOR), years 13(6-22) 14(6-24) 12(4-20) 0.031 14(6-22) 12(6-24) 0.653 

Depressive symptoms, Med. (IQR), 

score 
5.5(4-8) 6(4-8) 5(4-8) 0.810 5(4-8) 6(4-7) 0.859 

Dosage of AP.a, Med. (IQR), mg 3.5(2-6) 4(2-7) 3(2-4) 0.111 3(2-6) 4(2.2-6.5) 0.032 

CGI, Med. (IQR), score 4(3-4) 4(3-4) 4(3-4) 0.716 4(3-4) 4(3-5) 0.261 

Balanced diet, Med. (IQR), score 10(8-12) 10(8-12) 9(8-10) 0.298 9(8-11) 10(8-12) 0.266 

Dairy intake Regular (≥ 3/week) 133(46.7) 107(80.5) 26(19.5) 
0.793 

70(52.6) 63(47.4) 
0.230 

Irregular (≤ 2/week) 149(52.3) 118(79.2) 31(20.8) 89(59.7) 60(40.3) 
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Physical activity Inactive 153(57.1) 123(80.4) 30(19.6) 
0.936 

87(56.9) 66(43.1) 
0.630 

Active  115(42.9) 92(80) 23(20) 62(53.9) 53(46.1) 

Medical 

insurance 

Medicare 125(45.5) 107(85.6) 18(14.4) 
0.025 

63(50.4) 62(49.6) 
0.138 

Medicaid 150(54.5) 112(74.7) 38(25.3) 89(59.3) 61(40.7) 

Suicide idea Yes 75(26.6) 61(81.3) 14(18.7) 
0.697 

36(48) 39(52) 
0.102 

No 207(73.4) 164(79.2) 43(20.8) 122(58.9) 85(41.1) 

Low Vitamin D 

group 

Yes 143(50.2) 109(76.2) 24(16.9) 
0.149 

80(56.3) 62(43.7) 
0.947 

No 142(49.8) 118(83.1) 34(23.8) 80(55.9) 63(44.1) 

PRL-sparing 

antipsychotics 

Yes 71(27.8) 58(81.7) 13(18.3) 
0.608 

41(57.7) 30(42.3) 
0.625 

No 184(72.2) 145(78.8) 39(21.2) 100(54.3) 84(45.7) 

Smoking Yes 65(24.9) 54(83.1) 11(16.9) 
0.539 

56(86.2) 9(13.8) 
<0.001 

No 196(75.1) 156(79.6) 40(20.4) 91(46.4) 105(53.6) 

Serotonergic 

antidepressant  

Yes 42(15.6) 28(66.7) 14(33.3) 
0.015 

26(61.9) 16(38.1) 
0.402 

No 228(84.4) 189(82.9) 39(17.1) 124(54.4) 104(45.6) 
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Sex, n (%) Male 160(56.1) 118(73.8) 42(26.3) 
0.005 

- - 
- 

Female 125(43.9) 109(87.2) 16(12.8) - - 

* χ 2 test, t test, or Mann-Whitney U test as appropriate; CGI=Clinical Global Impression; AP, antipsychotics; DOI, duration of illness; 

PRL=prolactin; Med.=median; SD=standard deviation; IQR=interquartile range. 

a Risperidone-equivalent doses were calculated.  
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Table 2. Comparisons of clinical characteristics of gender difference with or without low BMD  

 
Low BMD in Male (n=160) 

p-value 
Low BMD in Female (n=125) 

p-value No (n=118), 
73.8% 

Yes (n=42), 
26.3% 

No (n=109), 
87.2% 

Yes (n=16), 
12.8% 

Age, mean (SD), y 40.4(10.7) 39.5(11.6) 0.643 39.1(11) 44.3(13.3) 0.090 

BMI, mean (SD), kg/m2 26.6(4.4) 23.3(4.2) <0.001 26.6(4.9) 23.3(4.6) 0.015 

Prolactin, Med. (IQR), ng/mL 23(10.0-56.0) 26.2(10.6-58.2) 0.413 32.8(14-94) 51(23-150) 0.088 

Treatment duration, Med. (IOR), years 14(6-24) 12(4-20) 0.003 12(5-24) 13.5(6-21) 0.732 

Depressive symptoms, Med. (IQR), score 6(4-8) 5(4-8) 0.571 4(2-7) 6(4-7) 0.693 

Dosage of antipsychotics a, Med. (IQR), mg 4(2-7) 3(2-4) 0.299 4(2-7) 4(2.5-5) 0.470 

CGI, Med. (IQR), score 4(3-4) 4(3-4) 0.241 4(3-5) 3(3-5) 0.566 

Balanced diet, Med. (IQR), score 10(8-11) 9(7.5-12) 0.697 10(8-12) 9(8-10) 0.293 

Dairy intake Regular (≥ 3/week) 52(74.3) 18(25.7) 
0.859 

55(87.3) 8(12.7) 
0.861 

Irregular (≤ 2/week) 65(73) 24(27) 53(88.3) 7(11.7) 

Physical activity Inactive 68(78.2) 19(21.8) 0.224 55(83.3) 11(16.7) 0.136 
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Active  43(69.4) 19(30.6) 49(92.5) 4(7.5) 

Medical insurance Medicare 50(79.4) 13(20.6) 
0.181 

57(91.9) 5(8.1) 
0.100 

Medicaid 62(69.7) 27(30.3) 50(82) 11(18) 

Suicide idea Yes 27(75) 9(25) 
0.807 

34(87.2) 5(12.8) 
0.867 

No 89(73) 33(27) 75(88.2) 10(11.8) 

Low Vitamin D group Yes 57(71.3) 23(28.7) 
0.472 

51(81) 12(19) 
0.035 

No 61(76.3) 19(23.8) 58(93.5) 4(6.5) 

PRL-sparing antipsychotics Yes 30(73.2) 11(26.8) 
0.538 

28(93.3) 2(6.7) 
0.183 

No 74(74) 26(26) 71(84.5) 13(15.5) 

Smoking Yes 48(82.1) 10(17.9) 
0.109 

8(88.9) 1(11.1) 
1.000 

No 64(70.3) 27(29.7) 92(87.6) 13(12.4) 

Serotonergic antidepressant Yes 17(65.4) 9(34.6) 
0.320 

11(68.8) 5(31.3) 
0.029 

No 95(76.6) 29(23.4) 94(90.4) 10(9.6) 

* χ 2 test, t test, or Mann-Whitney U test as appropriate; CGI=Clinical Global Impression; PRL=prolactin; Med.=median; SD=standard 
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deviation; IQR=interquartile range. 

a Risperidone-equivalent doses were calculated.  
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Table 3. Predictors of low bone mass determined in the multivariate analysis 

 Total Male Female 

Factors OR* (95% CI) p-value OR* (95% CI) p-value OR* (95% CI) p-value 

Age, year 1.0 (0.9-1.1) 0.238 1.0 (0.9-1.1) 0.103 1.0 (0.9-1.1) 0.115 

BMI, kg/m2 0.8 (0.7-0.9) <0.001 0.8 (0.7-0.9) 0.006 0.8 (0.7-0.9) 0.015 

Prolactin, ng/mL 1.2 (0.9-1.7) 0.271 1.1 (0.8-1.7) 0.576 2.5 (1.1-5.3) 0.020 

Treatment duration, years 0.7 (0.5-0.9) 0.025 0.6 (0.4-0.9) 0.023 - - 

Male 3.0 (1.3-6.5) 0.007 - - - - 

Medicaid 1.5 (0.7-3.4) 0.346 - - 1.7 (0.4-8.1) 0.543 

Low vitamin D group 1.7 (0.8-3.4) 0.141 1.2 (0.5-2.8) 0.744 12.5 (1.9-84.6) 0.009 

Smoking   0.4 (0.2-1.2) 0.111   

Serotonergic antidepressant use, yes 2.5 (1.1-5.8) 0.041 - - 34 (3.8-306.6) 0.001 
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Suicide idea, yes 0.9 (0.4-2.0) 0.805 - - 0.6 (0.2-2.9) 0.538 

* adjusted for all other variables in the model; OR=odds ratio, CI=confidence interval. 
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