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Objective: An inhibitory effect of hyperpro-
lactinemia on the hypothalamo-pituitary-gonadal
axis has been suggested as a mechanism of bone
loss in schizophrenia, but this has not been con-
firmed. In this study, which was conducted in
Tokyo, Japan, from February to May 2005, we
examined the possible causes of reduced bone
mineral density (BMD) in male patients with
schizophrenia

Method: The BMD of the radius of 74 male
patients (aged 31-78 years) who met the diag-
nostic criteriafor DSM-1V schizophrenia was
measured by dual-energy x-ray absorptiometry.
Levels of prolactin (PRL), follicle-stimulating
hormone (FSH), luteinizing hormone (LH), tes-
tosterone, estradiol, and 1,25-dihydroxy vitamin
D (VitD) were also measured. Pedometers were
used to measure the impact of exercise.

Results: Study subjects showed lower BMD
in al age groups compared with reference values
in healthy persons. There was no significant dif-
ference in the Z score among low, medium, and
high exercise groups. 87% of the subjects had
hyperprolactinemia, and VitD levels were normal
in all subjects except 1. The high PRL group had
lower levels of FSH and LH, and significantly
lower levels of estradiol (p <.05), compared with
the normal PRL group. In the high PRL group,
there was a significant negative correlation be-
tween the duration of treatment and the Z score
(p<.05).

Conclusion: Male patients with schizophrenia
had lower BMD than normal individualsirre-
spective of the amount of exercise or the level
of VitD. The results support the hypothesis that
inhibition of the hypothal amo-pituitary-gonadal
axis by hyperprolactinemia contributes to the
mechanism of the bone |oss and suggest that
the longer the duration of hyperprolactinemia,
the greater the reduction in BMD.
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W hile lower bone mineral density (BMD) among
schizophrenia patients was noted a relatively
long time ago,“? insufficient attention has been paid to
the phenomenon, and the causes of low BMD and the
countermeasures that can be taken have not been suffi-
ciently investigated. Recently, the relationship between
schizophrenia and lower BMD has attracted attention,®®
and its causes have been discussed.

It is suspected that antipsychotic medication has an in-
hibitory effect on the hypothalamo-pituitary-gonadal axis
and that thisis a part of the mechanism by which BMD
is lowered in patients with schizophrenia® It is believed
that the secretion of gonadotropin-releasing hormone
(GnRH) in the hypothalamusis suppressed when the level
of prolactin (PRL) rises after administration of the anti-
psychotics, which then causes lowered secretion of lutein-
izing hormone (LH) and follicle-stimulating hormone
(FSH) in the pituitary and consequent lowered secretion
of sex hormones such as estradiol and testosterone in the
gonads, leading to abnormal bone metabolism similar to
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that associated with postmenopausal osteoporosis. How-
ever, this hypothesis has not been rigorously tested in
previous studies, and a number of researchers deny any re-
| ationship between bone metabolism and PRL.” In particu-
lar, many aspects of the mechanism of bone loss in males
remain unclear. Insufficient exercise, smoking, and cal-
cium and vitamin D deficiencies are among the risk fac-
torsfor osteopenia. Because these factors are often present
in patients with schizophrenia, it has been difficult to elu-
cidate the relationship between PRL and bone metabolism.

We studied bone metabolism in male patients with
schizophrenia, and discuss the mechanism of bonelossin
these patients taking into account the effects of the amount
of exercise and exposure to sunlight. Our present study is
the largest among similar studies conducted so far.

METHOD

Subjects

This study was conducted with the approval of the
Ethics Committee of the Oizumi Hospital. Out of 92 male
patients aged = 30 years who were hospitalized at the
Oizumi Hospital in Tokyo, Japan, from February to May
2005 and met the diagnostic criteria for DSM-IV schizo-
phrenia, 74 (aged 31-78 years) gave written consent after
understanding the aims of the study and were included.
Those patients with psychiatric comorbidities that might
affect BMD, such as an eating disorder, substance abuse,
and acohol dependence, were excluded from the study
population. Regular evaluation confirmed that patients
showed no abnormalities in biochemical parameters such
as calcium and phosphate levels. Other exclusion criteria
included disease complications that might disturb bone
metabolism, such as bone metabolism disorders, thyroid
dysfunction (abnormalities in thyroid-stimulating hor-
mone and free T, and T, levels were ruled out), and hyper-
parathyroidism; medication with steroids or thyroxines;
and pharmacotherapy for osteoporosis. During hospital-
ization, subjects received well-balanced meals containing
the recommended amount of calcium for Japanese men
(600 mg/day).

Measures

The BMD of the radius of the subjects was measured
by dual-energy x-ray absorptiometry (DEXA) (Aloka
Dicroma scan DCS-600EX-3, Aloka Co., Ltd., Tokyo,
Japan). The BMD was measured at the distal one-third
portion of the radius of the arm contralateral to the domi-
nant arm of the subject and expressed as the measured
value, T score, and Z score for comparison. The T score
and Z score were defined as follows:

T = (BMD of the subject — YAM) / YASD

Z =(BMD of the subject — mean BMD of the age-
matched group) / standard deviation of the BMD of
the age-matched group
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The YAM (young adult mean) is the mean BMD for
young adults and the YASD (young adult standard devia-
tion) isthe standard deviation of the mean BMD of young
adults. A T score compares the subject’s bone density to
the optimal peak bone density for gender. A T score of
—1to—-2.5isconsidered osteopenic and arisk for develop-
ing osteoporosis. A T score of <—-2.5 is diagnostic of os-
teoporosis.® In contrast, a Z score compares the subject’s
bone density to the mean bone density of healthy persons
of the same age and gender. In this study, a Z score was
used to make a comparison among subjects in order to
minimize the effect of age, as there was wide variation in
the subjects’ ages in the study.

The subjects blood was sampled between 6 am. and
8am., andthe PRL, FSH, LH, testosterone, estradiol, and
1,25-dihydroxy vitamin D (VitD) levels were measured.
The following measurement methods were used: for PRL,
LH, and FSH, a chemiluminescence immunoassay kit
from ARCHITECT (Abbott Japan, Roppongi, Minato-ku,
Tokyo); for testosterone, the ECL usys system from Roche
Diagnostic (Basel, Switzerland) (based on an electro-
chemiluminescence immunoassay method); for estradiol,
the AXSYM system from Abbott Japan (Roppongi,
Minato-ku, Tokyo) (based on Microparticle Enzyme
Immunoassay technology); and for VitD, a TFB radio-
immunoassay kit from Immunodiagnostic Systems, Inc.
(Scottsdale, Ariz.).

Among the 74 subjectsin this study, 48 were receiving
antipsychotic combination therapy and 26 were receiving
antipsychotic monotherapy (among those 26, nineteen
were recelving atypical antipsychotic monotherapy).
Therefore, it was difficult to analyze PRL and BMD for
each antipsychotic agent. To resolve this difficulty, anti-
psychotics were classified into PRL-raising or PRL-
sparing antipsychotics, and the subjects were divided
into 2 groups, 1 group receiving = 1 PRL-raising anti-
psychotics and a group not receiving PRL-raising
antipsychotics.

Prolactin-sparing antipsychotics include olanzapine,
quetiapine, aripiprazole, and perospirone (a serotonin-
dopamine antagonist; available only in Japan), and PRL-
raising antipsychotics include first-generation antipsy-
chotics and risperidone.®™ Furthermore, the subjects
were grouped into 2 groups according to their PRL levels,
a norma PRL group (PRL < 12.78 ng/mL) and a high
PRL group (PRL > 12.78 ng/mL), in order to analyze PRL
effects on other hormones and BMD. The normal range of
PRL levels was determined after log transforming the
PRL levels of 59 healthy Japanese male subjects mea-
sured by the same method as used in this study and taking
the mean value + 2SD.*”

The details of the subjects prescriptions, other dis-
eases present, and the history of treatment were obtained
from case records. The smoking and drinking habits of the
subjects were recorded through semistructured clinical
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interviews. Mental symptoms were evaluated using the
Brief Psychiatric Rating Scale (BPRS)," and the amounts
of antipsychotics administered were expressed as chlor-
promazine equivalents.* The amount of exercise under-
taken by each subject was measured with a pedometer
(Tanita FB-714 with “fat burned” counter, Tanita Corpora-
tion, Maenocho ltabashi-ku, Tokyo, Japan.). The pedom-
eter was worn on the subject’s waist and added 1 count
each time the subject took a step. Before taking the mea-
surements, the subjects were asked to undertake a trial
walk wearing the pedometer to confirm that the pedometer
recorded the actual number of steps walked and that it did
not record other movements, such astremors. The subjects
wore the pedometers for 48 to 72 hours, and the mean
number of steps per 24 hours was cal culated. Based on the
results, the subjectswere classified into low (< 5000 steps/
day), medium (5000-9999 steps/day), and high (= 10,000
steps/day) exercise groups. Each subject’s body mass in-
dex was calculated from their body weight and height
measured within 1 month of the BMD measurements.

Statistical Analysis

The T scores and Z scores were calculated by the
method mentioned previously from the BMD data. The
measured BMD values of the patients with schizophrenia
were stratified into 5-year age intervals and compared
with reference data instead of recruiting a control group.
Thereference data were obtained using the same measure-
ment tools from 3100 healthy males matched for age and
race. Because there was wide variation in the subjects
ages in this study, to adjust for the effect of age, the
Z scores were used for comparing the BMD between
smokers and nonsmokers; among low, medium, and high
exercise groups; and between normal and high PRL
groups and were also used for testing correlations.

SPSS 15.0J for Windows (SPSS Inc., Chicago, I11.) was
used for the statistical analyses. The differences between
the means of 2 groups were tested by the Student t test or
the Welch test. Relationships between pairs of variables
were examined using Pearson product-moment correlation
coefficients.

RESULTS

Table 1 shows the demographic characteristics of the
study population. Osteopenia (T score of —1 to —2.5) was
observed in 37.8% (28/74) of the subjects, and 27.0%
(20/74) had osteoporosis (T score < —2.5).

Figure 1 shows the comparison of BMD between the
patients with schizophrenia and healthy Japanese males by
age group. The bone density in patients with schizophrenia
was lower than the reference values of healthy persons
in all age groups, with significant differences (p <.05) in
al but 3 of the 10 age groups (30-34, 35-39, and 50-54
years).
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Table 1. Baseline Demographic Characteristics of
Participants With Schizophrenia (N = 74)

Characteristic Mean SD
Age, y 58.9 12.2
Duration of illness, y 34.6 13.0
Treatment duration, y 29.6 14.8
Brief Psychiatric Rating Scale score 38.8 11.0
Treatment dose® 751.3 590.0
Smokers (N = 37), no. of cigarettes smoked/d 19.2 10.6
Combination therapy, dose, mg/d

Lithium carbonate (N = 4) 700 115

Sodium valproate (N = 5) 800 283

Carbamazepine (N = 3) 733 155

aDose in mg chlorpromazine equivalents per day.

No statistically significant differences in the Z scores
were found among patients receiving combination therapy
with sodium valproate, patients receiving combination
therapy with carbamazepine, and subjects with no combi-
nation therapy with anticonvul sants (combination therapy
with sodium valproate: N=5, mean+SD Z score=
—0.59 + 1.69; combination therapy with carbamazepine:
N = 3, mean £ SD Z score =-1.01 + 1.02; no combination
therapy with epileptics; N =68, mean+ SD Z score=
—1.24 + 1.24).

Among the 74 participants who volunteered for blood
sampling, BMD measurement, and other tests, 11 stopped
wearing the pedometer for reasons such as “wearing a pe-
dometer for a long time was bothersome or uncom-
fortable.” The remaining 63 participants completed the pe-
dometer test, and among them 27 were in the low exercise
group (< 5000 steps/day), 20 were in the medium exercise
group (5000-9999 steps/day) and 16 were in the high exer-
cisegroup (= 10,000 steps/day). The respective mean + SD
Z scores for the low, medium, and high exercise groups
were—1.45+ 1.35,-0.84 + 1.30, and —1.05 + 1.22, with no
significant differences among the groups. There was also
no significant difference between the mean + SD Z scores
of smokers (-1.19 + 1.31) and nonsmokers (—1.18 + 1.23).
All except one subject had normal VitD levels.

Among the 74 subjects, 57 used at least one PRL-
raising antipsychotic, and 17 used no PRL-raising anti-
psychotics. The difference in the mean+ SD PRL levels
for each group was statistically significant (31.3+ 13.8
ng/mL vs. 15.9 + 11.2 ng/mL, respectively, p < .001), and
the percentages of subjects with hyperprolactinemia were
94.7% (54/57) in the group using = 1 PRL-raising antipsy-
chotic and 58.8% (10/17) in the group using no PRL-
raising antipsychotics. No statistically significant differ-
ences were found in gonadotropin, sex hormones, or
Z scores for BMD between these 2 groups.

A total of 87% (64/74) of subjects were hyperprolacti-
nemic. Table 2 compares the high and normal PRL groups.
The high PRL group generally had low Z scores, although
the difference compared with the normal PRL group was
not statistically significant. Endocrinologic tests showed
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Figure 1. Comparison of Bone Mineral Density Between Patients With
Schizophrenia (N = 74) and Healthy Controls (reference data) by Age Group*
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phrenia, and it has yielded 3 significant
findings. The first finding was the confir-
mation of the high incidence of osteopo-
rosis among male patients with schizophre-
nia hospitalized for long periods compared
with healthy individuals. The second find-
ing was that, compared with the normal
PRL group, the high PRL group tended to
have lower FSH and LH levels and had sig-
nificantly lower estradiol levels. These re-
sults support the hypothesis of high PRL
levelsinhibiting the hypothalamo-pituitary-

*

0.40-— T T T T T T T T 1
30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79

Age Group, y

@Data are presented as mean + SD.
*p<.05.

gonadal axis, which has not been confirmed
so far. Thisfinding has significant implica-
tions, as it suggests a contributory role for
antipsychotic medications in the mecha

Table 2. Z Scores and Hormone Levels in Normal Versus
High Prolactin (PRL) Groups

Normal PRL High PRL
Group? (N = 10) Group® (N = 64)
Variable Mean SD Mean SD
PRL, ng/mL** 8.71 2.89 30.70 13.47
FSH, mlU/mL 19.08 18.82 10.37 12.05
LH, mlU/mL 12.87 11.89 7.58 6.91
Testosterone, ng/mL 5.82 1.65 5.49 1.84
Estradiol, pg/mL* 40.00 9.49 32.63 10.06
Z score —0.95 1.40 -1.22 1.24

aNormal PRL group: PRL < 12.78 ng/mL.

PHigh PRL group: PRL > 12.78 ng/mL.

*p<.05.

**p<.01.

Abbreviations: FSH = follicle-stimulating hormone, LH = luteinizing
hormone.

that the high PRL group had generally lower FSH and LH
levels and significantly lower estradiol levels (p < .05).

Correlationswith al factorsthat could affect BMD were
tested. Body mass index, chlorpromazine equivalent treat-
ment doses, BPRS scores, PRL levels, and sex hormones
were found to have no significant correlation with Z scores.

Similar tests were carried out separately for subjects
with normal and high PRL levels. There was negative cor-
relation between the duration of illness and the Z score in
both the normal and high PRL groups (r =-0.69, p <.05;
r=-0.27, p < .05, respectively). Among the subjects with
high PRL levels, there was a significant negative corre-
lation between the duration of treatment and Z score
(r=-0.27, p < .05; Figure 2), whereas there was no corre-
lation between the duration of treatment and Z score in the
normal PRL group.

DISCUSSION

To the best of our knowledge, the present study is
the largest so far on BMD in male patients with schizo-
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nisms associated with BMD reductions in
patients with schizophrenia. The third find-
ing was that longer treatment periods were associated with
lower BMD in the high PRL group, even though there was
no correlation between the PRL levels themselves and the
Z scores. This suggests that the duration of elevated PRL
levels may have a more potent effect on BMD reduction
than the severity of hyperprolactinemia.

Regarding the incidence of osteoporosis among pa-
tients with schizophrenia, the study population might be
considered as being nonrepresentative of all patients with
schizophrenia, as the study was conducted on hospitalized
patients, many of whom had been in hospital for long peri-
ods of time. Nevertheless, especialy in Japan, many pa-
tients with schizophrenia are hospitalized for long periods
for social reasons, and it is expected that alarge proportion
of such populations would have osteopenia or osteoporo-
sis. Osteoporosis can cause spinal fractures and other
complications,™® and not only lowers Activities of Daily
Life scores but is also associated with increased mortal-
ity.’® Educating the public about the issues surrounding
low BMD and osteoporosis among patients with schizo-
phrenia, early detection of osteoporosis, and establishing
effective therapies for schizophrenia are desirable strate-
giesfor the future.

Regarding the mechanism of BMD reduction in pa-
tients with schizophrenia, which is related to the second
finding in the present study, O’ Keane and Meaney'’ have
reported that in their studies on female patients with
schizophrenia, those who had received prolactin-raising
antipsychotic medication had lowered estradiol levels
and higher incidences of osteoporosis and osteopenia.
Becker et al.’® compared risperidone-treated patients with
olanzapine-treated patients and found that the BMD was
generally lower in the patients receiving risperidone, a
prolactin-raising antipsychotic. Abraham et al.,*® who fol-
lowed patients with schizophrenia and high or low PRL
levelsfor 1 year, reported that bone formation and resorp-
tion markers increased in the high PRL group and sug-
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Figure 2. Correlation Between Z Scores and Treatment Duration in Patients

in the High Prolactin Group (r = -0.27; p < .05)

Z Score

of illness and Z score in both the normal
and high PRL groups. This may be inter-
preted as indicative of compounding fac-
tors like lack of exercise and nutritional
problems in patients with schizophrenia
having additional effectsthat resultin afur-
ther declinein the Z score, i.e., agreater re-
duction in BMD with increased duration of
the illness compared with healthy individu-
als. On the other hand, data from the high
PRL group showed a significant negative
correlation between the treatment duration

|
o
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60 and the Z score, while data from the normal
PRL group showed no significant corre-
lation between the treatment duration and

gested that high PRL levels may have an adverse impact
on bone metabolism over time. On the other hand, M eaney
et al.* reported that the dose of antipsychotic drugs was
correlated with Z score but PRL level was not. In a com-
parative study of patients with schizophrenia, Hummer et
al.” reported that the 57 male patients included had signifi-
cantly lower BMD than healthy males, but that BMD was
not related to PRL levels. Thus, thereis presently no agree-
ment among researchers on the effect of PRL on BMD.

It isknown that, asis also the case in the hypothalamo-
pituitary-ovarian axis in females, GhnRH promotes the
release of LH and FSH from the pituitary, which in turn
actson thetestesin males, leading to secretion of testoster-
one. Also, 70% of the estradiol in males is synthesized
through aromatization of testosterone and androstenedione
in the circulating blood, with the remaining 30% being se-
creted from the testes.”® However, not enough information
has been gathered on the effects of these sex hormones on
bone; i.e., it is not well understood which estrogens or an-
drogens have a strong effect on bone metabolism in males.
Finkelstein et a.* have reported that BMD in male pa-
tients with idiopathic hypogonadotropic hypogonadism
was < 2 SD lower than in healthy individuals. On the other
hand, aclinical case report® of a patient with abnormal es-
trogen receptors showed several clinical signs of abnormal
bone metabolism including incomplete epiphyseal closure
and reduction of lumbar vertebrae BMD by 3 SD, even
though his testosterone level was normal. This suggests
that estrogens also have a strong effect on bone metabo-
lism in men. The results obtained in the present study are
consistent with the hypothesis that hyperprolactinemia has
an inhibitory effect on the hypothal amo-pituitary-gonadal
axis, and the fact that estradiol was more markedly re-
duced than testosterone in the high PRL group indicates
that estrogens may have a mgjor effect on bone metabo-
lismin males.

Regarding the correlations revealed by this study, there
was significant negative correlation between the duration
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the Z score. This suggests that the longer

the hyperprolactinemia persists, the greater
the reduction in BMD compared with normal individuals,
and that thereis an increased risk of reduced BMD associ-
ated with prolonged courses of treatment with agents that
cause hyperprolactinemia.

It is interesting that while there was no significant
correlation between the PRL levels themselves and the
Z score, the duration of the treatment period (i.e., the dura-
tion of the period of high PRL levels) was correlated with
the Z score in the high PRL group. Some female patients
with schizophrenia experience amenorrhea as PRL levels
increase to the upper limit of the normal range while oth-
ersretain their normal menstrual cycles in spite of severe
hyperprolactinemia, as physicians know from day-to-day
clinical practice. Most probably, sensitivity to PRL differs
from patient to patient, and the level of PRL does not
directly reflect the extent to which bone metabolism has
been affected. Alternatively, it could be that as the PRL
level that inhibits the hypothalamus is reached in each
patient, the organs downstream are affected, causing are-
duction in BMD over time. In a report published in 1986
on 18 male patients who had prolactin-secreting pituitary
tumors, Greenspan et al.? stated that the patients with tu-
mors showed a significant reduction in BMD compared
with age-matched control subjects, and that bone [oss was
related to the duration of the hyperprolactinemia and not
absolute prolactin level. The results obtained in the cur-
rent study are in agreement with those reported by
Greenspan et al.?

Although the hypothalamo-pituitary-gonadal axis is
basically the same in males and females, the hormone lev-
els are very different, and therefore the effects on bone
metabolism are also expected to be different. In females,
the “big event” of menopause has a major effect on bone
metabolism. Only males were included in the present
study, in order to eliminate the menopause factor, and
there were a large number of subjects. It is perhaps
because of this that we could detect the effects of PRL
on bone metabolism reported here.
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Osteoporosis is a disease affected not only by aging
and gender but also by such factors as exercise and expo-
sure to sunlight. In the present study, the effects of these
latter factors were also analyzed. In terms of exposure to
sunlight, most of the subjects showed no lack of VitD.

As an index of the amount of exercise the subjects un-
dertook, the average number of steps per day was used.
Because regular daily exercise is known to prevent low
BMD,* it is easy to imagine that a decline in the amount
of exerciseisrelated to low BMD in patients with schizo-
phrenia. Therefore, assessing the amount of exercise is
critical to an analysis of the mechanisms of reduced BMD
in such patients. However, practicaly it is often quite dif-
ficult to thoroughly assess the amount of exercise under-
taken by patients with schizophrenia. For instance, hospi-
talized chronic patients with schizophreniawho are asked
to engage in one half hour to one hour of exercise a day
often remain in bed the rest of the day. Furthermore,
among patients who do not engage in recreational activity
or exercise at the hospital, there are some who are quite
active and have many opportunities to leave the hospital.
From this perspective, we considered that an assessment
of the total amount of exercise in one day by means of a
pedometer would be the most suitable means of determin-
ing the level of exercise undertaken in these patients. In
this study, no significant differences among the 3 exercise
groups (low, medium, and high) were found. However, it
must be noted that an accurate assessment of the total
amount of exercise requires detailed questioning about
daily behavior and calculations,” and merely measuring
the number of steps per day with a pedometer might not
have provided an adequate assessment of the total amount
of daily exercise.

A limitation of this study is that the subjects’ blood
PRL levels were measured only once. Most of the study
subjects had undergone long-term hospitalization during
which the symptoms and treatments had not changed
much; however, changes in medication had occurred dur-
ing the long treatment periods in some cases. Thus, it is
possible that the PRL levels had changed as a result of
such modifications. A second limitation is that there were
only 10 subjects in the normal PRL group. Although a
significant difference in estradiol levels was seen in this
group, it is quite possible that significant differences
could also have been seen in FSH and LH levelsif there
had been more subjects. A final limitation isthat although
DEXA was used for measuring BMD, the measurements
were made only on the distal one third of the radius.
Because Japanese people in general tend to dislike radia-
tion exposure, we used a relatively small instrument to
measure BMD only in the radius. The lumbar vertebrae
L1-L 4, the femoral neck, and the trochanteric and inter-
trochanteric regions of the left hip are the standard sites
for DEXA scans. Some may feel that measurements on
the radius alone are insufficient for evaluating BMD.
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However, even the distal radius is representative to some
degree of the bone mass of the vertebrae and the femur®
and are not affected very much by deformation, fracture,
or spur formation. Because the objective of the study was
to investigate the long-term effects of PRL on bonein pa-
tients with schizophrenia, we can say that the site of the
measurement would have had very little effect.

The present study has generated information on the
effect of PRL levels on BMD in male patients with
schizophrenia. We hope that similar studies on female
patients with schizophreniaand further studies on general
prevention and treatment of osteoporosisin patients with
schizophreniawill now be undertaken.

Drug names: aripiprazole (Abilify), carbamazepine (Equetro,
Carbatrol, and others), lithium carbonate (Eskalith, Lithobid, and
others), olanzapine (Zyprexa), quetiapine (Seroquel), risperidone
(Risperdal), sodium valproate (Depacon and others).
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