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Abstract OBJECTIVE: A sufficient amount of testosterone (T) is essential for adequate sex-
ual functioning but also for cognitive and psychological well-being. Most recent 
studies have demonstrated that higher BMI and other symptoms of metabolic 
syndrome are associated with alterations in sex steroid hormone concentrations. 
Although, neuroleptics are known to cause a significant and sustained weight 
excess, the relationships between body mass index and the level of testosterone 
in psychiatric patients have not been thoroughly studied. The main purpose of 
the present study was to examine the correlations between testosterone, estradiol 
BMI, and insulin in male patients diagnosed with schizophrenia and treated with 
olanzapine or risperidone. 
METHODS: The study included 78 males diagnosed with schizophrenia according 
to the DSM-IV diagnostic classification hospitalized in psychiatric inpatient units 
(42 on risperidone and 36 on olanzapine). The initial and final evaluation of tes-
tosterone (T), estradiol, prolactin (PRL) and insulin serum levels were performed 
at week 3 and 8 after the onset of the new treatment, respectively. 
RESULTS: At week 3, the mean serum prolactin was markedly higher, whereas 
testosterone level was lower in risperidone patients compared to those treated 
with olanzapine. T level was negatively affected by the studied medication (ris-
peridone), increased prolactin and a higher BMI. At week 8, the mean serum 
prolactin level was markedly higher in risperidone patients. Higher values of BMI 
and serum insulin were the most prominent factors independently associated 
with decreased plasma testosterone levels at that measurement point. Individual 
changes of T level between week 3 and 8 were positively correlated with the cor-
responding changes in estradiol levels. 
CONCLUSIONS: T serum levels appear to be independently linked with BMI, insu-
lin and prolactin in both investigated neuroleptics. Further research is needed to 
elucidate the relationship between reproductive hormones and metabolic param-
eters in patients with schizophrenia under neuroleptic treatment. 
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INTRODUCTION

Most recent studies have demonstrated that dyslipid-
emia, diabetes and obesity can be associated with the 
alterations in sex steroid hormone concentrations (Hu 
et al. 2011). An accumulating body of evidence sug-
gests that visceral fat produces various proinflamatory 
factors, such as: cytokines, which inhibit testosterone 
synthesis in the testes by the direct blockage of enzyme 
action in the testosterone production pathways (Kalin-
chenko et al. 2010; Vermeulen et al. 1999; Smits et al. 
2013). Moreover, insulin has a suppressive effect on 
testicular steroidogenesis (Pitteloud et al. 2005). It has 
also been suggested that the increase in adipose tissue 
mass in obesity may result in increased aromatase activ-
ity and, thus, lead to the greater conversion of testos-
terone into estradiol (Page et al. 2007). An increase in 
estradiol concentrations would lead to the suppression 
of hypothalamic gonadotropin-releasing hormone and 
pituitary gonadotropin secretion. This might result in 
the reduction of both testosterone secretion by Leydig 
cells and spermatogenesis in the seminiferous tubules 
(Berga et al. 2004; Pasquali, 2006) . 

Obesity and overweight affect 30–70% of people 
suffering from schizophrenia. They have a 2.8 to 3.5 
increased likelihood of being obese (Coodin, 2001). 
One of the many reasons why psychiatric patients gain 
weight and become overweight and obese is the admin-
istration of neuroleptics (Dickerson et al. 2006; Theisen 
et al. 2001). Weight gain of >7% of pre-illness body 
weight was reported by 60% of patients; two-thirds of 
patients attributed weight gain to psychotropic medica-
tions (McIntyre et al. 2007). In the Paslakis et al. study 
(2012) olanzapine and risperidone were associated with 
a significant body weight gain as early as at the third 
week of treatment. Although the majority of neuro-
leptics are known to cause a significant and sustained 
weight excess (Alvarez-Jimenesz et al. 2008), the rela-
tionships between body mass, insulin and the level of 
testosterone have not been studied. 

In this manuscript, we analysed the correlations 
between plasma testosterone levels (T), body mass index 
(BMI), serum insulin, prolactin (PRL), and estradiol in 
patients diagnosed with schizophrenia and treated with 
olanzapine or risperidone. We selected to carry out our 
study during the first 8 weeks of treatment, when olan-
zapine and risperidone-elicited changes in body weight 
and hormone levels have already become significant 
(Paslakis et al. 2012). 

METHODS

Patients

The study included 78 males diagnosed with schizo-
phrenia according to the DSM-IV diagnostic classifi-
cation and hospitalized in psychiatric inpatient units. 
All of them met the following inclusion criteria: a) they 
were free of oral antipsychotic medications for at least 

3 weeks before the study and from depot neuroleptics 
for 3 preceding months, (b) they had no history of 
chronic somatic diseases, including diabetes (exclusion 
criterion – fasting plasma glucose level ≥126 mg/dL), 
(c) they had no medical conditions which might have 
affected changes in metabolic parameters and no known 
history of lipid disorders (d) they did not undergo anti-
diabetic, hormonal or lipid-lowering therapy or special 
diets to lower glucose or lipids levels, (e) they had no 
history of sexual problems, as established on the basis 
of an interview with individual patients.

We determined the washout time individually for 
each patient based on the information provided by the 
subject himself, his family and the psychiatrist respon-
sible for the patient prior to the hospitalization. The 
patients, who had taken medications known to elevate 
prolactin serum level, misused the substance and had a 
significant organic brain disease were excluded. 

Following the drug-free period, the study patients 
received neuroleptic treatment with the doses of risper-
idone or olanzapine that were adjusted accordingly to 
achieve the maximal clinical efficacy units (42 – risperi-
done and 36 – olanzapine). They constituted the initial 
evaluation groups (third week). After the initiation of 
treatment, no other psychotropic drugs were adminis-
tered, except for diazepam (up to a dose of 20 mg/day 
PO) if a sedative or hypnotic medication was required, 
and for biperiden (up to 10 mg/day PO) as an anticho-
linergic compound in the case of emergency of drug-
induced acute dystonic reactions or Parkinsonism.

All patients were hospitalized throughout the study. 
At weeks 8, 28 and 27, patients still continued treatment 
with risperidone or olanzapine, respectively. These 
patients constituted the final evaluation groups. The 
remaining patients dropped out of the study because 
of the lack of efficacy of the treatment or the need 
for administering the concomitant medications, not 
allowed during the study. 

Disease characteristics and demographic data were 
obtained from clinical interview and medical records. 
The study was approved by the Ethical Committee. 
Written informed consent was obtained from each sub-
ject after a complete description of the study.

Study design

Fasting serum levels of glucose and prolactin were 
determined in the pre-drug period (baseline) in a local 
laboratory using standard methodologies to exclude 
patients with diabetes and hiperprolactinemia. 

In risperidone and olanzapine groups the doses aver-
aged 4.7±1.3 mg and 17.8±6.7 mg, at week 3 of treatment 
respectively, and 4.4±1.6 mg and 16.5±5.8 mg, at week 
8 of treatment respectively. The initial and final evalu-
ation of body mass, prolactin (PRL), estradiol, insu-
lin and testosterone (T) serum levels were performed 
at week 3 and 8 after the onset of the new treatment, 
respectively. We chose those particular measurement 
points because olanzapine and risperidone are associ-
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ated with a significant body weight gain, insulin and 
prolactin secretion changes already in the first weeks 
of treatment (Pasquali 2006; Konarzewska et al. 2009).

A single fasting morning blood sample was obtained 
between 07:00h – 08:00h from all patients who should 
not have eaten or taken any medications since mid-
night the previous night. The whole blood was col-
lected and centrifuged to separate the serum. Serum 
insulin level was measured by radioimmunoassay (INS 
IRMA) (Starr et al. 1978). Prolactin, testosterone, estra-
diol were determined in the serum using competitive 
immunoassay with direct chemiluminometric technol-
ogy (Bayer Health Care). Those assays were carried out 
by the Department of Endocrinology of the Medical 
University of Białystok, Poland. In the interpretation 
of the values of hormone levels we were guided by the 
reference ranges provided by the assay manufacturers. 

Statistical analyses

The effect of the treatment was tested by the analysis 
of covariance (ANCOVA) with drug and dose (nested 
within drug, to control for the effect of within-drug 
dose variation) as the main effects, body mass and the 
age of patients as covariates, and the respective interac-
tion terms. We used a stepwise approach and retained 
only significant components in the final models. For 
this reason, we do not report the effect of dose and 
interaction terms as they were insignificant at p=0.05.

The within-drug associations were tested with 
the Pearson product-moment and partial correlation 
analyses, the latter controlling for the effect of age and/
or body mass. Body mass index (BMI) was calculated 
using the formula: BMI=weight (kg)/[height (m²)].

Both studied medications affect body mass in a 
similar way (Garyfallos et al. 2003), which was also cor-
roborated by the lack of significant interaction between 
the effect of medication and body mass found in this 
study. Therefore, apart from the within-drug correla-
tions, we also carried out the correlation analyses across 
the pooled sample of patients from both study groups. 
In those analyses, we deliberately did not remove the 
effect of medication. This enabled us to take advantage 
of the whole range of between-medication as well as 
within-medication variation in body mass and related 
hormonal responses, created by the effect of treatment.

The differences in patients’ baseline characteris-
tics between treatment groups were tested by t-test. 
Within-drug changes in those characteristics between 
weeks 3 and 8 of the treatment were tested by paired 
t-test, using initial and final evaluations for individual 
patients for whom data for both measurement points 
were available.

Descriptive baseline characteristics are presented as 
means ± 1 SD, whereas the results of ANCOVA analysis 
are presented as least square means ± 1 SEM (standard 
error of the mean). Prior to the statistical analyses, the 
assumptions of parametric tests were assured (Sokal & 
Rolf 1995). If not stated otherwise, the significance was 

tested at p=0.05 and only statistically significant asso-
ciations are presented and discussed in detail. 

RESULTS

Baseline characteristics of study groups

The baseline characteristics of the risperidone and 
olanzapine treatment groups are presented in Table 1. 
There were no statistical between-group differences 
in age, the age at first hospitalization or body mass 
at the initial and final evaluations. Likewise, baseline 
measures of fasting serum concentrations of glucose 
showed no significant differences between the investi-
gated groups.

a) Week 3

Between-drug differences: The analysis of covari-
ance (ANCOVA) comparing risperidone and olanzap-
ine groups revealed a statistically significant effect of 
drug on T and PRL levels (Table 2). The mean serum 
T level was lower in risperidone patients than in those 
treated with olanzapine, whereas PRL levels was mark-
edly higher in the patients treated with risperidone 
(Table 1). No between-group differences were found in 
estradiol levels, they were within the normal reference 
range. ANCOVA also revealed a statistically significant 
effect of age on insulin, and the effect of body mass on 
estradiol levels (Table 2).
 
Testosterone: T levels, in olanzapine-treated patients, 
were inversely correlated with BMI (r=–0.42, p=0.03, 
n=26) whereas in risperidone-treated group – with 
insulin serum levels (r=–0.33, p=0.05, n=35). Across 
both treatment groups, T was negatively correlated with 
BMI (r=–0.27, p=0.03, n=62, Figure 1). This correlation 
remained statistically significant after controlling for 
the effect of age (partial r=–0.33, p=0.03, n=44). T was 
also inversely correlated with PRL (r=–0.24, p=0.04, 
n=72). Correlation between T and PRL remained statis-
tically significant after controlling for the effect of BMI 
(partial r=–0.45, p=0.004, n=40). 

Estradiol: We found a positive correlation between 
estradiol and BMI in the risperidone group (r=0.51, 
p=0.001, n=36). Across both treatment groups, 
serum estradiol level and E/T (estradiol/T) ratio were 
positively correlated with BMI (r=0.3, p=0.04, n=49; 
r=0.43, p=0.002, n=49, respectively). These correlations 
remained statistically significant after controlling for 
the effect of age (partial r=0.31, p=0.04; n=46; r=0.49, 
p=0.0005, n=46).

b) Week 8

Between-drug differences: In both studied groups, 
the body mass of the subjects increased significantly 
between the third and eighth week of treatment (paired 
t-test, risperidone group p=0.0002, olanzapine group, 
p=0.009). 
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The analysis of covariance (ANCOVA) comparing 
risperidone and olanzapine groups revealed a statisti-
cally significant effect of body mass on T level (Table 3). 
There were no between-treatment differences in the 
mean T levels at week 8 (Table 1). The mean serum 
PRL level was markedly higher in risperidone-treated 
patients (Table 1). No between-group differences were 
found in the mean estradiol serum levels, and they were 
all within the normal reference range (Table 1).

Testosterone: In the risperidone-treated group serum 
T level was inversely related to BMI (r=–0.56, p=0.003, 
n=26) and insulin (r=–0.57, p=0.002, n=26). 

In both treatment groups pooled together, T was 
inversely correlated with BMI (r=–0.48, p=0.0008, n=45, 
Figure 2) as well with insulin serum levels (r=–0.49, 
p=0.0005, n=45, Figure 3). Those correlations remained 
statistically significant after controlling for the effect of 
age (r=–0.52, p=0.0002, n=44; r=–0.48, p=0.005, n= 34, 
respectively). Nonetheless, no significant correlations 
were detected between BMI and serum insulin levels, 
which might suggest that testosterone can be indepen-
dently related to BMI and insulin. It is supported by a 
partial correlation analysis which showed that correla-
tions between T and insulin levels remained statistically 

Tab. 1. Baseline demographic and the fasting glucose level (mean ±SD) of subjects entering the study, along with their body mass, BMI, 
serum levels of prolactin, testosterone, estradiol and insulin at the initial (week 3) and final (week 8) evaluation.

CHARACTERISTICS OLANZAPINE (n=36) RISPERIDONE (n=42)

BASELINE Mean SD/SEM Mean SD/SEM p-value

Age (years) 33.7 11.4 33.1 10.4 0.82

First hospitalization (years) 25.3 7.1 25.9 8.2 0.76

Fasting glucose (mg/dL) 90.2 10.9 93.8 12.7 0.20

WEEK 3   

Fasting  insulin ( μIU/L) 9.04 0.6 9.8 0.6 0.37

PRL (ng/ml) 17.64 3.0 40.86 2.6 <0.001

Estradiol (pg/ml) 23.0 2.4 21.2 2.2 0.60

Testosterone (ng/dl) 617.2 33.14 506.6 30.1 <0.02

BMI (kg/m²) 25.2 0.72 24.3 0.62 0.35

Weight (kg) 79.3 15.0 76.3 13.6 0.38

WEEK 8 OLANZAPINE ( n= 27) RISPERIDONE (n=28)

Fasting  insulin (μIU/L) 10.0 1.14 10.7 1.0 0.66

PRL (ng/ml) 15.6 3.2 36.4 3.0 <0.0001

Testosterone (ng/dl) 494.6 33.6 448.3 29.6 0.31

Estradiol (pg/ml) 21.8 3.2 23.3 3.0 0.74

BMI (kg/m²) 26.5 0.87 25.9 0.82 0.67

Weight (kg) 82.4 15.8 79.9 13.6 0.55

Hormone levels at the respective evaluations are presented as the least square means (± SEM) from the ANCOVAs.

Tab. 2. Summary of ANCOVA results of the effect of medication 
(risperidone vs. olanzapine), age and body mass as covariates on 
hormone levels at the initial evaluation (week 3).

Medication 
effect

Age Body mass

Fdf p-value Fdf p-value Fdf p-value

BMI 0.901,59 0.35 3.321,59 0.07 x

Insulin 0.831,59 0.36 5.481,59 0.02 2.991,59 0.09

PRL 33.901,63 <.0001 2.621,63 0.11 1.83  1,63 0.18

Testosterone 6.031,69 0.02 1.011,69 0.32 3.641,69 0.06

Estradiol 0.311,69 0.58 0.081,69 0.78 10.521,69 0.002

Tab. 3. Summary of ANCOVA results of the effect of medication 
(risperidone vs. olanzapine), age and body mass as covariates on 
hormone levels at the final evaluation (week 8).

Medication 
effect

Age Body mass

Fdf p-value Fdf p-value Fdf p-value

BMI 0.461,46 0.67 1.401,46 0.24 x

Insulin 0.201,40 0.66 3.741,40 0.06 1.481,40 0.23

PRL 22.211,45 <.0001 0.201,45 0.66 0.271,45 0.61

Testosterone 1.051,46 0.31 5.791,46 0.02 18.531,69 <.0001

Estradiol 0.111,48 0.74 1.401,48 0.24 00.001,48 0.73
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significant after controlling for BMI (partial r=–0.48, 
p=0.02, n=25). 

Across both treatment groups, individual changes of 
T level, between the initial and final evaluation, were 
positively correlated with the corresponding changes in 
estradiol levels (r=0.28, r=0.04, n=53), but not with the 
drug-induced increase of BMI (r=–0.05, p=0.73, n=44).

Estradiol: No between-treatment differences were 
found in mean estradiol levels and E/T ratio (Table 1). 
In both treatment groups analyzed together, E/T ratio 
and insulin levels were positively correlated (r=0.30, 
p=0.05, n=45), but after controlling for BMI the cor-
relation became insignificant. Drug-induced BMI 
increase over the treatment time was not correlated 
with changes in estradiol level (r=–0.06, p=0.69, n=45).

DISCUSSION

Antipsychotic drug (AP) therapy, 
hyperprolactinemia and testosterone

It is well established that typical neuroleptics have 
pronounced effects on PRL release from the anterior 
pituitary gland, which explains endocrine side effects 
– e.g. decreased libido and impotence occurring in a 
considerable proportion of male schizophrenic patients 
treated with traditional antipsychotics (Aso et al. 1982; 
Crawford et al. 1997; Cutler., 2003; Halbreich et al. 2003; 
Haddad & Wieck 2004; Howes et al. 2007). In contrast, 
the new generation of atypical drugs has variable ten-
dencies to induce hyperprolactinemia (Dickson & 
Glazer 1999). Olanzapine has been reported to produce 
little or no clinically significant PRL elevation (Beasley 
et al. 1997; Crawford et al. 1997). It has become appar-
ent that risperidone is comparable to typical neurolep-
tics in its proclivity to raise serum PRL level (Cutler, 
2003; Kapur et al. 1999; Kinon et al. 2003; Kinon et al. 
2006). If PRL levels are rising, gonadotropin-releasing 
hormone (GnRhH) and consequently LH and T levels 
will fall. Only few studies are known to evaluate those 
hormonal effects in patients using antipsychotics, but 
those comparing typical neuroleptics have reported 
conflicting findings related to plasma FSH, LH, and T 
levels (Fitzgerald et al. 2003; Siris et al. 1980; Smith et 
al. 2000).

In our study, the mean serum PRL levels at both 
measurement points were markedly higher in the ris-
peridone group. At the initial evaluation, PRL corre-
lated inversely with T serum level across the treatment 
groups. The mechanisms responsible for such associa-
tions cannot be directly inferred from this study, but 
several previous findings suggested that T decrease 
may be related to AP-induced hyperprolactinemia. Low 
serum testosterone levels have been detected in several 
hyperprolactinemic conditions in males (Brown et al. 
1981; Ghadirianet al. 1982). A direct effect of prolactin 
or the AP itself on the hypothalamic neurons control-
ling gonadotropin secretion has also been postulated 

Fig. 1. Correlation between body mass index (BMI) and total serum 
testosterone level in pooled sample of patients treated with 
risperidone or olanzapine for 3 weeks (the initial evaluation). 
Solid line depicts Reduced Major Axis (RMA) regression line.

Fig. 2. Correlation between body mass index (BMI) and total serum 
testosterone level in pooled sample of patients treated with 
risperidone or olanzapine for 8 weeks (the final evaluation). 
Solid line depicts Reduced Major Axis (RMA) regression line.

Fig. 3. Correlation between serum levels of total testosterone and 
insulin in pooled sample of patients treated with risperidone or 
olanzapine for 8 weeks (the final evaluation). Solid line depicts 
Reduced Major Axis (RMA) regression line.
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(Legros et al. 1975). Rinieris et al. (1989) examined 
testosterone levels in male patients who were treated 
with haloperidol. The authors found a decrease in tes-
tosterone levels only in the patients yielding prolactin 
levels of 60 ng/mL or higher. Contrary, in the present 
study, the moderate increase of prolactin levels in male 
patients treated with risperidone negatively influenced 
testosterone levels. 

BMI

Apart from hyperprolactinemia, a drug-induced weight 
gain is yet another mechanism involved in the patho-
genesis of low T in our study. It seems that higher body 
mass index is the factor more significantly responsible 
for T depletion than hyperprolactinemia. T serum level 
at the initial evaluation proved to be more strongly 
associated with BMI than with prolactin, whereas, at the 
final measurement, testosterone was solely dependent 
on metabolic parameters, such as: body mass index and 
endogenous insulin level. 

Previous studies have shown a negative relationship 
between total T, free T and increased BMI (Kaufman 
& Vermeulen 2005; Goncharov et al. 2009). Eighteen 
out of the 20 studies on T levels and 15 of the 16 stud-
ies on SHBG (sex hormone binding globulin) levels 
in general population reported negative relationships 
between BMI and T. In the 12 studies on free T levels 
known to us, 10 reported a negative relationship (Kley 
& Krüskemper 1979; 1994; Pauli et al. 2007). The San 
Antonio Heart Study showed that both total and free 
T levels inversely correlated with BMI and waist-to-hip 
ratio (Haffner 1993). Zumoff et al. (1990) found that 
free T levels fall in proportion to total T with increasing 
BMI and they become subnormal in severely obese men. 

Both studied medications affected body mass in 
a similar way causing significant weight gain. Across 
the treatment groups, at both measurement points, we 
found a strong inverse associations between T level and 
body mass index, which corroborated earlier reports 
suggesting that body mass can have a negative impact 
on the key reproductive hormone in human males 
(Kley & Krüskemper 1979; Giagulli et al. 1994, Pauli 
et al. 2008). Interestingly, we found no correlations 
between the changes in T levels, between two mea-
surement points, and a corresponding BMI change. 
The lack of the expected negative correlation between 
increasing BMI and T level in the course of the study 
treatment may suggest that BMI is not a good predictor 
of the changes of adiposity over a short period of time. 

Testosterone and insulin

In the recent decade, antipsychotic-induced metabolic 
disturbances in patients suffering from schizophrenia 
have been widely studied. Most of the second-genera-
tion antipsychotics (SGA) are indeed associated with 
the occurrence or exacerbation of metabolic anomalies. 
Those effects include impaired glucose tolerance and 
insulin resistance (Wampers et al. 2012). The increase 

in body weight and fat tissue is associated with several 
abnormalities of sex steroid balance. It has been noted 
that visceral fat cells secrete a large number of cytokines 
which impair testicular steroidogenesis (Eckel et al. 
2005; Lyon et al. 2003; Trayhurn & Wood 2004). Also 
insulin has a suppressive effect on T (Pitteloud et al. 
2005). In contrast, T supplementation therapy of hypo-
gonadism in men has been shown to improve the lipid 
profile by lowering cholesterol, blood sugar and insulin 
resistance (Allan et al. 2008; Haider et al. 2010; Munzer 
et al. 2001; Schroeder et al. 2004; Saad et al. 2011).

In the study by Tsai et al. (2004), T level was cor-
related with insulin resistance and obesity, denoting 
an independent effect of insulin resistance on T pro-
duction. These results are consistent with our study. 
At eight week of the study treatment, in both groups 
pooled together, testosterone was inversely correlated 
with BMI as well with insulin serum levels. Nonethe-
less, no significant correlations were detected between 
BMI and serum insulin, which might suggest that T 
can be independently related to BMI and insulin. This 
was supported by a partial correlation analysis which 
showed that correlations between testosterone and 
insulin levels remained statistically significant after 
controlling for BMI. This correlation may be mediated 
through insulin receptors of the Leydig cells decreasing 
testosterone secretion (Pitteloud et al. 2005). It is also 
possible that fat cells themselves secrete cytokines and 
other hormones impairing testicular steroidogenesis 
(Eckel et al. 2005; Lyon et al. 2003; Trayhurn and Wood, 
2004).

Estradiol and testosterone

No between-treatment differences were found at both 
measurement points in mean estradiol levels which 
were within the reference range. It is consistent with 
the results reported by Kinon et al. (2003) who found 
reduced estradiol levels only in patients treated with 
conventional antipsychotics drugs.

It has been suggested that the increase in adipose 
tissue mass may result in an increased aromatase activ-
ity and, thus, lead to a greater conversion of testoster-
one into estradiol (Giagulli et al. 1994; Schneider et 
al. 1979; Zumoff et al. 1981 ). The majority of articles 
reported no relationship between estradiol and BMI, 
including a large population study by Aggerholm et al. 
(2008). However, four studies have found statistically 
significant positive relationships (Mac Donald et al. 
2010). According to Williams (2010), obesity, insulin 
and estradiol itself, all up-regulate the activity of aro-
matase and effectively reduce T levels and increase the 
intracellular concentration of estradiol. T and estra-
diol levels are inversely correlated. However, patho-
logical states like obesity raise unopposed intracellular 
estrogen levels, and not necessarily lower testosterone 
levels (Williams, 2010). In our study, in both treatment 
groups, we found a positive correlation between the 
increase in estradiol level and a corresponding T level 
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change. This suggests that during the eighth week of 
treatment with olanzapine and risperidone one should 
not expect the depletion of T, but rather a disruption 
of balance between those two reproductive hormones. 

SUMMARY

Our study on the factors affecting T and other repro-
ductive hormones’ levels in male schizophrenic patients 
treated with either olanzapine or risperidone showed 
that:

1. At week 3 of the treatment, T level was nega-
tively affected by drug-induced hiperprolac-
tinemia and higher BMI. 

2. At week 8 of the treatment, higher BMI and 
serum insulin level were the most prominent 
factors independently associated with the 
decreased plasma testosterone levels. 

15  Garyfallos G, Dimelis D, Kouniakis P, Sidiropoulos N, Karastergiou 
A, Lavrentiadis G (2003). Olanzapine versus risperidone: weight 
gain and elevation of serum triglyceride levels. Eur. Psychiatry. 
18(6): 320–321. 

16  Ghadirian M, Chouinard G, Annable I (1982). Sexual dysfunction 
and plasma prolactin levels in neuroleptic-treated schizophrenic 
outpatients. J. Nerv. Ment. Dis. 170: 463–467.

17  Giagulli VA, Kaufman JM, Vermeulen A (1994). Pathogenesis of 
the decreased androgen levels in obese men. J. Clin. Endocrinol. 
Metab. 79: 997–1000.

18  Goncharov N P, Katsya GV, Chagina NA, Gooren LJ (2009). Testos-
terone and obesity in men under the age of 40 years. Androlo-
gia. 41(2): 76–83.

19  Haddad PM, Wieck A (2004). Antipsychotic-induced Hyperp-
rolactinemia: mechanisms, clinical features and management. 
Drugs. 64: 2291–2314. 

20  Haffner SM, Valdez RA, Stern MP, et al. (1993). Obesity, body fat 
distribution and sex hormones in men. Int. J. Obes. 17: 643–649.

21  Haider A, Gooren LJ, Padungtod P, Saad F (2010). Improvement 
of the metabolic syndrome and of non-alcoholic liver steatosis 
upon treatment of hypogonadal elderly men with parenteral 
testosterone undecanoate. Exp. Clin. Endocrinol. Diabetes. 118: 
167–171.

22  Halbreich U, Kinon BJ, Gilmore JA, Khan LS (2003). Elevated 
prolactin levels in patients with schizophrenia: mechanisms and 
related adverse effects. Psychoneuroendocrinology. 28: 53–67. 

23  Howes OD, Wheeler MJ, Pilowski LS, Landau S, Murray, Smith 
S (2007). Sexual function and gonadal hormones in patients 
taking antipsychotic treatments for schizophrenia or schizoaf-
fective disorder. J.Clin. Psychiatry 68: 361–367.

24  Hu X, Rui L, Zhu T, Xia H, Yang X, Wang X, et al. (2011). Low testos-
terone level in middle-aged male patients with coronary artery 
disease. Eur. J. Intern. Med. 22: 133–136.

25  Kalinchenko SY, Tishova Y A, Mskhalaya GJ, Gooren LG, Giltay 
EJ, Saad F (2011). Effects of testosterone supplementation on 
markers of the metabolic syndrome and inflammation in hypo-
gonadal men with the metabolic syndrome: the double-blinded 
placebo-controlled Moscow study. Clin. Endocrinol. 75(2): 275.

26  Kapur S, Zipursky RB, Remington G (1999). Clinical and theo-
retical implications of 5-HT2 and D2 receptor occupancy of 
clozapine, risperidone, and olanzapine in schizophrenia. Am. J. 
Psychiatry 156(2): 286–293.

27  Kaufman JM, Vermeulen A (2005). The decline of androgen levels 
in elderly men and its clinical and therapeutic implications. 
Endocr. Rev. 26: 833–876.

28  Kinon BJ, Ahl J, Liu-Seifert H, Maguire GA (2006). Improvement in 
hyperprolactinemia and reproductive comorbidities in patients 
with schizophrenia switched from conventional antipsychotics 
or risperidone to olanzapine. Psychoneuroendocrinology 31: 
577–588.

29  Kinon BJ, Gilmore JA, Liu H, Halbreich UM (2003). Prevalence 
of hyperprolactinemia in schizophrenic patients treated with 
conventional antipsychotic medications or risperidone. Psycho-
neuroendocrinology 28: 55–68.

30  Kley HK., Krüskemper HL (1979). Gesamt- und freies testosteron 
beim mann in abhängigkeit vom körpergewicht: ermittlung von 
normalwerten/Total and free testosterone in the male depend-
ing on body weight. Dtsch. Med. Wschr. 104: 1478–1482.

31  Konarzewska B, Wolczynski S, Szulc A, Galinska B, Poplawska R, 
Waszkiewicz N (2009). Effect of risperidone and olanzapine on 
reproductive hormones, psychopathology and sexual function-
ing in male patients with schizophrenia. Psychoneuroendocri-
nology. 34(1): 129–139. 

32  Legros JJ, Demoulin A, Franchimont P (1975). Influence of chlor-
promazine on the positive and negative feedback mechanism of 
oestrogens in man. Psychoneuroendocrinology. 1(2): 185–198. 

33  Lyon CJ, Law RE, Hsueh WA (2003). Minireview: adiposity, inflam-
mation and atherogenesis. Endocrinology. 144: 2195–2200.

34  MacDonald A, Herbison G, Showell M, Farquhar C (2010). The 
impact of body mass index on semen parameters and reproduc-
tive hormones in human males: a systematic review with meta-
analysis. Human Reproduction Update. 16(3): 293–311. 

REFERENCES

1  Aggerholm AS, Thulstrup AM, Toft G, Ramlau-Hansen CH, Bonde 
JP (2008). Is overweight a risk factor for reduced semen qual-
ity and altered serum sex hormone profile? Fertil. Steril. 90: 
619–626.

2  Allan CA, Strauss BJ, Burger HG, Forbes EA, McLachlan RI (2008). 
Testosterone therapy prevents gain in visceral adipose tissue 
and loss of skeletal muscle in nonobese aging men. J. Clin. 93: 
139–146.

3  Alvarez-Jimenesz M, Gonzalez-Blanch C, Crespo-Facorro B et al. 
(2008) Antipsychotic-induced weight gain in chronic and first-
episode psychotic disorders: a systematic critical reappraisal. 
CNS Drugs. 22: 547–562.

4  Aso T, Matsouka M, Su J, Horie K, Taii S, Motohashi T (1982). Influ-
ence of sulpiride – induced hyperprolactinemia on baboon men-
strual cycles: a longitudinal study. J. Med. Primatol. 11: 20–34. 

5  Beasley CM Jr, Hamilton SH, Crawford AM, Dellva MA, Tollefson 
GD, Tran PV (1997). Olanzapine versus haloperidol: acute phase 
results of international double-blind olanzapine trail. Eur. Neu-
ropsychopharmacol. 7: 125–137. 

6  Berga SL, Yen SSC (2004). Reproductive failure due to central 
nervous system-hypothalamic-pituitary dysfunction. In: Straus, 
JF., III; Baribieri, RL., editors. Yen and Jaffe’s Reproductive Endo-
crinology.5. Philadelphia: Elsevier. 

7  Brown AA, Laughren TP, Williams B (1981). Differential effects of 
neuroleptic agents on the pituitary–gonadal axis in men. Arch. 
Gen. Psychiatry. 38: 1270–1272. 

8  Coodin S (2001). Body mass index in persons with schizophrenia. 
Can. J. Psychiatry. 46: 549–55. 

9  Crawford AM, Beasley CM, Tollefson GD (1997). The acute and 
long-term effect of olanzapine compared with placebo and 
haloperidol on serum prolactin concentrations. Schizophr. Res. 
26: 41–54.

10  Cutler AJ (2003). Sexual dysfunction and antipsychotic treat-
ment. Psychoneuroendocrinology 28: 69–82.

11  Dickerson FB, Brown CH, Kreyenbuhl JA, et al. (2006). Obesity 
among individuals with serious mental illness. Acta Psychiatr. 
Scand. 113(4): 306–313. 

12  Dickson RA, Glazer WM (1999). Neuroleptic- induced hyperpro-
lactinemia. Schizophr. Res. 35: 75– 86.

13  Eckel RH, Grundy SM, Zimmet PZ (2005). The metabolic syn-
drome. Lancet. 365: 1415–1428. 

14  Fitzgerald, PB, Scaffidi, A, Morris, MJ, De Castella, AR, Kulkarni 
J (2003). The relationship of changes in leptin, neuropeptide Y 
and reproductive hormones to antipsychotic induced weight 
gain. Human Psychopharmacology: Clinical & Experimental. 
18(7): 551–557. 



57Neuroendocrinology Letters Vol. 35 No. 1 2014 • Article available online: www.nel.edu

Testosterone, BMI and insulin in male patients with schizophrenia

35  McIntyre RS, Stave C, O’Brien C, Jina AS, Chang L (2007). 
UNITE=Understanding Needs, Interactions, Treatment and 
Expectations: a global survey of careers and patients with 
schizophrenia and bipolar disorder. Poster presented at the 15th 
Association of European Psychiatrists meeting, Madrid, Spain, 
17–21 March 2007. 

36  Munzer T, Harman SM, Hees P, Shapiro E, Christmas C, Bellantoni 
MF, et al. (2001). Effects of GH and/or sex steroid administration 
on abdominal subcutaneous and visceral fat in healthy aged 
women and men. J. Clin. Endocrinol. Metab. 86: 3604–3610.

37  Page ST, Matsumoto AM, Bremner WJ (2007). DHEA and Testos-
terone in the Elderly. N. Engl. J. Med. 356: 635–637.

38  Paslakis GG, Deuschle MM, Thome JJ, Rüße SS, Kopf DD (2012). 
The differential effect of risperidone and olanzapine on insulin 
sensitivity after 3 weeks of treatment: A HOMA Pilot Study. Phar-
macopsychiatry. 45(3): 96–99.

39  Pasquali R (2006). Obesity and androgens: facts and perspec-
tives. Fertil. Steril. 85: 1319–1340. 

40  Pauli EM, Legro RS, Demers LM, Kunselman AR, Dodson WC, 
Lee PA (2008). Diminished paternity and gonadal function with 
increasing obesity in men. Fertil. Steril. 90 (2): 346–351. 

41  Pitteloud N, Hardin M, Dwyer AA et al. (2005). Increasing insulin 
resistance is associated with a decrease in Leydig cell testoster-
one secretion in men. J. Clin. Endocrinol. Metab. 90: 2636–2641. 

42  Rinieris P, Hatzimanolis J, Markianos M, Stefanis C (1989). Effects 
of treatment with various doses of haloperidol on the pituitary–
gonadal axis in male schizophrenic patients. Neuropsychobiol-
ogy 22:146–149.

43  Saad, F, Haider A, Giltay EJ, Gooren LG (2011). Age, obesity and 
inflammation at baseline predict the effects of testosterone 
administration on the metabolic syndrome. Hormone Molecular 
Biology & Clinical Investigation. 6(1): 193–199.

44  Schneider G, Kirschner MA, Berkowitz R, Ertel NH (1979). 
Increased estrogen production in obese men. J. Clin. Endocrinol. 
Metab. 48: 633–638

45  Schroeder ET, Zheng L, Ong MD, Martinez C, Flores C, Stewart Y, 
Azen C, Sattler FR (2004). Effects of androgen therapy on adipose 
tissue and metabolism in older men. J. Clin. Endocrinol. Metab. 
89: 4863–4872. 

46  Siris SG, Siris ES, Kammen van DP, Docherty JP, Alexander 
PE, Bunney WE Jr. (1980). Effects of dopamine blockade on 
gonadotropins and testosterone in men. Am. J. Psychiatrys 137: 
211–214.

47  Smith S, Wheeler M, O’ Keane V, Murray R (2000). Antipsychotics 
and Hypogonadism in Patients with Schizophrenia. Schizophr. 
Res. 41 (1 special issue): 21.

48  Smits MM, Woudstra P, Utzschneider KM, Tong J, Gerchman F, 
Faulenbach M (2013). Adipocytokines as features of the meta-
bolic syndrome determined using confirmatory factor analysis. 
Annals Of Epidemiology. 23(7): 415–421.

49  Sokal RR and Rohlf FJ (1995). Biometry. San Francisco: W.H. Free-
man.

50  Starr JI, Mako ME, Juhn D, Rubenstein AH (1978). Measurement 
of serum proinsulin-like material: cross-reactivity of porcine and 
human proinsulin in the insulin radioimmunoassay. J Lab Clin 
Med. 91: 683–692.

51  Theisen FM, Linden A, Geller F, et al. (2001). Prevalence of obe-
sity in adolescent and young adult patients with and without 
schizophrenia and in relationship to antipsychotic medication. J. 
Psychiatr. Res. 35(6): 339–345.

52  Trayhurn P and Wood IS (2004). Adipokines: inflammation and 
the pleiotropic role of whte adipose tissue. Brit. J. Nutrit 92: 
347–355.

53  Tsai EC, Matsumoto AM, Fujimoto WY, Boyko EJ (2004). Asso-
ciation of bioavailable, free, and total testosterone with insulin 
resistance, influence of sex hormone binding globulin and body 
fat. Diabetes Care. 27: 861–868. 

54  Vermeulen A, Verdonck L, Kaufman JM (1999). A critical evalua-
tion of simple methods for the estimation of free testosterone. 
Testosterone and the metabolic syndrome. Clin. Endocrinol. 73: 
602–612.

55  Wampers M, Hanssens L, van Winkel R, Heald A, Collette J, 
Peuskens J, et al. (2012). Differential effects of olanzapine and 
risperidone on plasma adiponectin levels over time: Results from 
a 3-month prospective open-label study. Eur. Neuropsychophar-
macol. 22(1):17–26. 

56  Williams R J, Churchley JH, Kanda R, Johnson AC (2012). Compar-
ing predicted against measured steroid estrogen concentrations 
and the associated risk in two United Kingdom river catchments. 
Environ. Toxicol. Chem. 31(4): 892–898. 

57  Zumoff B, Strain GW, Miller LK, Rosner W, Senie R, Seres DS, 
Rosenfeld RS (1990). Plasma free and nonsex-hormone-binding-
globulin-bound testosterones are decreased in obese men in 
proportion to their degree of obesity. J Clin Endocrinol Metab. 
71: 929–931. 


