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AbstrAct
Background: Patients with schizophrenia experience 
poorer general health outcomes than the general 
population, including an increased risk of osteoporosis. 
We aimed to examine the relationship between bone 
mineral densities, prolactin levels using a cross-sectional 
design in patients with schizophrenia. 

Methods: A total of 33 patients with schizophrenia, and 
33 age and gender matched healthy control were included 
in this study. Patients with a diagnosis of schizophrenia 
for a maximum of one year were included in the study, 
in order to exclude the side effects of drugs from the 
chronic period. 

Results: There was a statistically significant difference 
between the two groups in terms of total femur and total 
lumbar vertebra bone mineral density (p<0.05). There 
was no statistically significant difference between the 
two groups in prolactin levels (p=0.08). 

Conclusions: Bone mineral density is lower in patients 
with schizophrenia even if not at the level of osteoporosis 
or osteopenia in terms of femur total, and lower at the 
level of osteopenia in terms of lumber total. Large scale 
prospective studies are needed.
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Sehitkamil, Gaziantep, Turkey     snglkcmr@hotmail.com 

Osteoporosis is a major public health problem world-
wide characterized as gradually decreased bone mineral 
density (BMD) in systemic skeletons that results in a 
weakening of the skeletal structure (2, 3). People with 
osteoporosis are vulnerable to bone fractures that can 
lead to disability and mortality. Its precursor, osteopenia, 
also carries an increased risk of fracture (4). Many indices 
have been used with osteoporosis, and BMD is one of 
the most frequently applied. Also, several indicators 
have been used to describe BMD. The standard method 
for assessing BMD is dual-energy X-ray absorptiometry 
(DEXA), where DEXA of the femur may represent actual 
bone strength with using the t score or z score (5). Lower 
bone mineral density (BMD) and its effects on quality 
of life (1, 2) in patients with schizophrenia has received 
attention because of their increased risk of fractures. That 
can have a serious negative impact on the patient’s mental 
state (1). And also, they have a longer recovery time after 
hip fracture and have a greater risk of adverse events such 
as postoperative infection, deterioration of mental state 
and renal failure (6) compared with the patients with no 
mental health conditions. On the other hand, people with 
schizophrenia have 54% increased risk of mortality after 
a major fracture than the healthy control group along 
with the increased risk of fractures (7).

A recent meta-analysis on decreased BMD in schizo-
phrenia patients revealed that the overall pooled preva-
lence of osteopenia was 40.0% and osteoporosis was 13.2% 
(8). The prevalence rates of osteopenia and osteoporosis 
differ from the underlying mechanisms, risk/protective 
factors, gender differences and medication effects (1).

The mechanism underlying reduced bone mineral 
density (BMD) in schizophrenia is inconclusive. In 
addition to side effects of antipsychotic drugs, there are 
many other factors that can affect BMD in schizophrenia 
patients, including medications such as lithium, SSRIs 
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IntroductIon
Schizophrenia can lead to great many complications and 
disability. There have been many comorbidities discovered 
in people with schizophrenia. They experience poorer 
general health outcomes than the general population, 
including an increased risk of osteoporosis (1).
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and anticonvulsants, sex hormones, body weight, life style 
factors, negative symptoms, malnutrition, etc.

High rates of osteoporosis in patients with schizophrenia 
are explained by the effects of hyperprolactinemia and 
hypogonadism on bone metabolism in part by the prolactin 
enhancing properties of antipsychotic drugs. It has been 
claimed that antipsychotic-induced hyperprolactinemia 
(defined as serum PRL> 24 ng / ml for women and> 20 
ng / ml for men) may play a role in the development of 
decreased BMD in schizophrenia patients (8).

Other risk factors for osteoporosis such as smoking, 
alcohol consumption, lack of physical activity, diabetes 
and vitamin D deficiency may also contribute to the 
development of osteoporosis in this patient group (9, 10). 
Schizophrenia itself can also be an independent predictor 
of osteoporosis. A study found that schizophrenia is an 
independent risk factor for osteoporosis in women, but 
not in men after checking other risk factors, including 
medications (10). However, findings may be limited due 
to the small sample size of male schizophrenia patients.

Numerous reports have discussed the effect of anti-
psychotics-related hyperprolactinemia on bone mineral 
density and the risk of osteoporosis in schizophrenia. 
But there are only inconsistent findings among studies 
that might partially result from the cross-sectional study 
design and lack of drug-free patient groups (11-15). 

The aim of this study was to examine the relationship 
between bone mineral density and prolactin levels using 
a cross-sectional design in patients with schizophrenia. In 
addition, we preferred schizophrenia patients with short-
term drug use and aimed to investigate the relationship 
between bone mineral density and variables such as the 
pathophysiology of the disease, the usual course and the 
patient’s life, rather than long-term antipsychotic use.

Methods
study pArtIcIpAnts 
A total of 40 patients registered at the Gaziantep University 
Faculty of Medicine Department of Psychiatry during 
2017-2018 were included in the study. Patient exclusion 
criteria were being under 20 years of age, having mental 
retardation, history of head trauma, having neurologi-
cal diseases (cerebrovascular event, Parkinson’s disease, 
etc.), any medications known to be associated with the 
development or treatment of osteoporosis or the presence 
of medical disorders known to be risk factors for osteo-
porosis. In addition, irregular menstruation, amenorrhea 
group of drugs used together, alcohol or substance abuse 

or addiction, malnutrition, a known bone metabolism 
disorder, use of at least one of oral contraceptives, lithium, 
heparin, corticosteroid, thyroid hormone, cytostatic drug, 
theophylline, nitrite, calcium channel blocker and tamoxi-
fen which are known to be effective on bone metabolism 
were exclusion criteria. Patients with a history of eating 
disorders were also excluded. According to these exclusion 
criteria seven patients were excluded. Finally, 33 patients 
were included in the study. Anxiety and depression were 
not exclusion criteria. Inclusion criteria were being over 
20 and under 55 years of age, having psychotic symptoms 
at least for six months, with a treatment of schizophrenia 
for a maximum of one year were included in the study, in 
order to exclude the side effects of drugs from the chronic 
period. The patients gave their oral and written consent, 
and the approval for the study was obtained from the 
Medical Ethics Committees of Gaziantep. Control group 
was composed of cases investigating primary hypogo-
nadism or the causes of secondary hypogonadism such 
as hyperparathroyidism, inflammatory bowel disease, 
Cushing Syndrome from the Department of Nuclear 
Medicine between 2018-2019. This control group was 
randomized from individuals with suspected disease 
but whose diagnosis was not supported according to 
clinical and laboratory results (N = 33, no known bone 
disease, did not use any psychotropic medication, and 
was randomly selected in terms of age, height, gender, 
and weight characteristics of the patient group) (n = *, 
part-to-whole ratio*).

clInIcAl AssessMent
The patients were diagnosed with schizophrenia accord-
ing to DSM-5 criteria by a psychiatrist. According to 
these criteria the patient must have two or more of these 
symptoms: delusions, hallucinations, disorganized speech, 
grossly disorganized or catatonic behavior, negative 
symptoms, such as diminished emotional expression 
in a significant part of one month; continuous signs of 
disturbance persistent for at least six months; one or more 
major areas functioning, such as work or interpersonal 
relationships are markedly below the level achieved the 
prior to the onset and the clinical condition of the patient 
cannot be explained by a disease other than schizophrenia 
or drug use. Psychopathological status and severity of 
disease in each patient were evaluated with Positive and 
Negative Syndrome Scale (PANSS) by a psychiatrist. 
PANSS was applied to Turkish schizophrenia patients in 
1999 and therefore gained validity and reliability (16). 
And all subjects verbally answered questionnaires for 
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demographical characteristics including age, gender, 
height, weight, educational status, smoking, presence 
of comorbid diseases, accompanied by their relatives.

endocrIne AssessMent
Blood samples were drawn from each patient to mea-
sure progesterone, plasma prolactin, thyroxine and tri-
iodothyronine, complete blood count, liver enzymes, 
sodium, potassium, calcium, urea, creatinine, thyroid 
hormones tests after at least eight hours of fasting in 
the morning at Gaziantep University Department of 
Psychiatry. These blood samples were centrifuged 4,000 
cycles for 10 minutes and stored in a refrigerator at -80 
degrees. The collected blood samples were evaluated at 
the Gaziantep University Biochemistry Laboratory with 
the electrochemiluminescence immunassay technique 
during the research.

bone MInerAl densIty AssessMent 
Dual-energy X-ray absorptiometry (DEXA) is currently 
used as the clinical standard to estimate the bone mineral 
density (BMD) of proximal femurs for the diagnosis of 
osteoporosis or osteopenia (17). According to the World 
Health Organization (WHO) definition, osteoporosis 
stands for the condition of patient’s femoral neck BMD 
was 2.5 standard deviations (sd) below the mean of a 
young and healthy population (T-score), matched for 
gender and ethnic group. Z-score was defined similarly 
to T-score, but the mean BMD was from an age-matched 
adult reference population (11). Low BMD, or osteopenia, 
was defined as a BMD value more than 1 SD but<2.5 
sd. (2). T and Z scores which calculated with DEXA are 
reported in this paper by nuclear medicine physicians.

stAtIstIcAl AnAlysIs
Descriptive statistics were used to evaluate the patient 
and control group data and to explain the demographic 
characteristics. Shapiro Wilk and Kolmogorov Smirnov 
tests were used to evaluate the normal distribution of 
variables. It was found that age, duration of education, T 
and Z score variables used in the analyses were not nor-
mally distributed for each group (p<0.05). Accordingly, 
the Mann-Whitney U test was used for comparisons 
between patient and control groups. In addition, the Chi-
square test was used to compare the patient and control 
groups according to gender and smoking habits. The 
analyses were conducted using SPSS 22.0 software. The 
minimum number of people required for the large effect 
size to be found significant in this study to be conducted 

was determined as 31 (α = 0.05, 1-β = 0.80 d = 0.80). 
The analysis was performed in the G power 3.1 version.

results
The study had Ethics Committee approval and written 
informed consent to participate in the study was obtained 
from each participant. Thirty-three patients who fulfilled 
DSM-5 criteria for schizophrenia were recruited. The 
average age of these patients was 42.12 and the standard 
deviation was 12.8; 28 patients were male and five were 
female. The mean body mass index of these patients was 
25.16 + 4.5; 20 patients did not smoke (Table 1).

The normal control group, consisting of 33 subjects 
(mean age: 37.36, SD 10.25; 26 males and seven females) 
were physically healthy and had no personal or family 
history of psychiatric illness. All normal controls were 
recruited from within the hospital, university, and the 
general community. The mean body mass index of this 
control group was 25.81 + 5.1; 23 subjects did not smoke 
(Table 1).

There was no difference between the patient and con-
trol groups in terms of gender distribution, age, body mass 
index and smoking (p: 0.53, 0.10, 0.20, 0.20) (Table 1).

While the mean TSH values of the patients were 1.83 ± 
0.85, that of the control group was 1.12 ± 0.90, and there 
was a statistically significant difference between them (p: 
0.019). The mean values of vitamin B12, folate and PTH 
values of the patients were 207 ± 72, 9.1 ± 3.6, 40.5 ± 
20.3, respectively. Values for the control group were 209 
± 126, 7.1 ± 1.2, 58.5 ± 44.03, respectively. There was no 
statistically significant difference in these values between 
the two groups (p>0,05) (Table 2).

Vitamin D levels were compared between the groups. 
The mean vitamin D level in the patient group was deter-
mined as 12.3 ± 7.3. In the control group it was deter-
mined as 20.6 ± 8.1. The difference between the groups 
was statistically significant (p <0.05) (Table 2).

Table 1. Sociodemographic data

Case Control
PSchizophrenia Control

Sex Male 28(%84) 26(%78)
0,53

Female 5 (%16) 7 (%22)

Age 42.12+12.8 37.36+10.25 0,10

BMI 25.26+4.5 25.81+5.1 0,2

Smoke Yes 13 10
0.20

No 20 23
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Total femur bone mineral density values were -0.82 ± 
0.77 in the patient group and 0.27 ± 0.83 in the control 
group. Total lumbar vertebra bone mineral density value 
was -1.19 ± 1.27 in the patient group. It was 1.27±0.62 
in the control group. Values between the two groups 
for both total femur and total lumbar vertebra bone 
mineral density were statistically significant (p <0.05) 
(Table 2).

The values for the lumbar vertebra L1, L2, L3, L4 in 
the schizophrenia group were -1.0 ± 0.94, -1.08 ± 1.16, 
-1.12 ± 1.54, -1.46 ± 1.65, respectively. These values in 
the control group were -0.4 ± 0.72, -0.01 ± 0.78, 0.08 ± 
0.74, -0.14 ± 0.74, respectively. Differences were found 
to be statistically significant (p <0.05) (Table 2).

Prolactin levels in the schizophrenia group and control 
group were 27.71 ± 12.1, 19.7 ± 8.2, respectively. It was 
found to be statistically marginally significant (p: 0.08) 
(Table 2).

The effects of factors such as age, gender, smoking and 
BMI on bone mineral density of patients were analyzed 
using univariate analysis of covariance (ANCOVA).

Total femur bone mineral density and total lumbar 
vertebra bone mineral density value was lower in patients 
than controls significantly (p <0.05) (Table 3). ANCOVA 
revealed that there were significant differences between 
patients and controls again (Table 3).

dIscussIon
In this study we investigated the bone mineral density 
of patients with schizophrenia and compared the results 
between patients and healthy controls. In fact, accu-

mulating evidence had shown the lower bone mass in 
patients with schizophrenia. But a fundamental problem 
is the causality of low bone mass. Most of the studies 
have shown this low bone mass in patients with chronic 
schizophrenia who were undergoing pharmacotherapy. 
But it is known that some of the antipsychotics increase 
the prolactin levels and risk of fracture (16, 17). This 
study is differentiated in terms of evaluating patients 
with schizophrenia and use of drugs for less than one 
year and results put significance on the fact that bone 
mineral density is lower in patient with schizophrenia 
at the level of osteopenia in terms of lumber total and 
lower in patient with schizophrenia even if not at the 
level of osteoporosis or osteopenia in terms of femur 
total.

The reduction in bone mineral density (BMD) was 
mostly attributed to antipsychotics (drug-induced 
hyperprolactinaemia and decreased levels of estrogen 
and testosterone), low physical activity, inadequate cal-
cium intake, low sunlight, alcohol and tobacco use, and 
polydipsia in schizophrenia. (18). The contribution of 
antipsychotic-related hyperprolactinemia and unhealthy 
lifestyle behavior to the low BMI in schizophrenia remains 
unclear (19). But in our study, there were no significant 
differences between patients and control in terms of 
smoking status and body mass index.

Studies on bone mineral density and schizophrenia are 
inconsistent. Cui et al. (20) found that the average T-score 
in patients was significantly lower than in controls. The 
prevalence of osteoporosis and low BMD (osteoporosis 
and osteopenia) was 23.1% and 65.3% for the patient 
group. A study showed that perinatal PCP adminis-
tration causes a significant decrease in bone mass and 
deterioration in bone quality in male and female rats. 
Haloperidol had a deleterious effect, while clozapine had 
protective effect on bones (21). Bulut et al. (22) found 
that the long-term use of prolactin – raising antipsychotic 
medications as well as hyperprolactinemia and hypoes-

Table 2. Comparison of laboratory parameters and Z scores 
between patients and control group with independent T test

Mean± standard deviation

PSchizophrenia Control
TSH 1.83± 0.85 1.12±0.90 0.019*

B12 207±72 209±126 0.95
Folat 9.1± 3.6 7.1± 1.2 0.13
PTH 40.5±20.3 58.5±44.03 0.26

D Vitamin 12.3±7.3 20.6±8.1 0.001*
Femur Total -0.82± 0.77 0.27±0.83 0.001*
Lumbar Total -1.19±1.27 1.27±0.62 0.001*

L1 -1.0± 0.94 -0.4± 0.72 0.003*

L2 -1.08±1.16 -0.01±0.78 0.001*
L3 -1.12±1.54 0.08±0.74 0.001*

L4 -1.46±1.65 -0.14±0.74 0.001*

Prolactin 27.71±12.1 19.7±8.2 0.08

Table 3. Comparison of Z scores between patients and 
controls with ANCOVA

Means of Z scores
PSchizophrenia Control

Femur Total -0.75 0.25 0.001*

Lumbar Total -1.05 1.23 0.001*
L1 -0.92 -0.35 0.04*
L2 -1.01 -0.02 0.001*
L3 -1.01 0.07 0.001*
L4 -1.35 -0.17 0.001*
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trogenism – accelerate bone degradation. Another study 
found that there are no causal effects of increased risk of 
schizophrenia, BD and AD status with BMD level (23). 
Lin et al. (24) found that long-term clozapine treatment 
may protect BMD compared to prolactin-raising and 
non-clozapine prolactin-sparing antipsychotics among 
patients with schizophrenia.

May schizophrenia be an individual risk factor for 
lower bone mineral density? What is the underlying 
mechanisms? These are ongoing questions. In our study 
there were significant differences between patients and 
controls in terms of TSH levels. Patients with schizo-
phrenia had higher levels of TSH. Dopamine (DA) holds 
a predominant role in the regulation of prolactin (PRL) 
secretion. In human subjects, mutual antagonism has 
been observed between thyrotropin-releasing hormone 
(TRH) and dopamine on prolactin secretion (25). TRH 
analogs increase dopamine release and turnover in the 
nucleus accumbent and in striatum slices. Administration 
of TRH in small doses prevents inhibition of prolactin 
secretion by dopamine (26). So, there may be a com-
pensatory mechanism between TRH and dopamine. 
Even if we have not found direct results of TRH, higher 
TSH may attribute high level TRH (27, 28). Thyroid 
hormone regulates the initiation and duration of the bone 
remodeling cycle in the human skeleton (29). Thyroid 
dysfunction alters the bone remodeling process (30, 
31). Consequently, there may be an interaction between 
thyroid hormones and bone mineral density in patients 
with schizophrenia.

lIMItAtIons
The high rates of bone loss in this group could have 
been contributed to by other risk factors prevalent in 
this population, poor diet and inactivity, or risk fac-
tors prevalent in this population, or could be related 
to a metabolic disorder that is part of the syndrome of 
schizophrenia rather than the endocrine consequences 
of schizophrenia itself. 

conclusIon
This study showed the importance that bone mineral 
density is lower in patient with schizophrenia in the first 
year of treatment even if not at the level of osteoporosis 
or osteopenia in terms of femur total, and lower at the 
level of osteopenia in terms of lumber total. Large scale 
studies are needed in schizophrenia patients with evaluat-
ing metabolic disorders, diet, and inactivity.
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