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INTRodUCTIoN
Antipsychotic medications have been increasingly 

used for the management of patients with a variety of acute 
psychotic disorders and with severe behavioral disturbances. 
However, their efficacy was not as high as expected [1]. In 

the past decade there is a growing concern among clinicians 
and researchers that use of antipsychotics may be related to 
potentially serious cardiovascular, endocrine and metabolic 
side effects [2, 3, 4, 5, 6, 7, 8, 9].

From early in its formation, the brain is a sexually 
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Effect of treatment with antipsychotics on sex hormone 
binding globulin concentrations in patients with acute 

psychosis

sUMMARY
The primary aim of this study was to investigate effect of acute 
psychosis treatment with antipsychotic medications on sex hormone 
binding globulin (SHBG) concentrations. The secondary aim of 
the study was to evaluate relationships between changes in SHBG 
concentrations and severity of psychosis, assessed by the Brief 
Psychiatric Rating scale (BPRS).
Methods. 81 acute psychotic patients (42 men and 39 women), 
consecutively admitted to the mental hospital were included to the study, 
if they had no history of any significant or unstable medical condition or 
concomitant psychiatric disorder. Blood samples were collected on two 
occasions (admission and discharge) for the assessment of the SHBG 
concentrations. Psychiatric diagnoses were made according to DSM–
IV–TR diagnostic criteria, assessed by using Mini Plus 5.0.0 structured 
clinical interview. Severity of psychosis was assessed on two occasions 
by the Brief Psychiatric Rating Scale (BPRS). All study patients during 
hospitalization received treatment with antipsychotics. 
Results. Acute psychosis treatment with antipsychotics produced a 
significant decrease in SHBG concentrations in total group of patients 
(F=6.18; p=0.015). There were gender-related differences in the 
treatments effect on SHBG concentrations; the significant decrease 
in SHBG has been found in antipsychotic treated female patients (F 
=4.4; p=0.039), but not in male patients (F=1.7; p=0.204). Patients 
on haloperidol treatment experienced greater decrease in SHBG 
concentrations (in percent from baseline) than patients on atypical 
antipsychotics (treatment effect F=4.9; p=0.030). BPRS scores on 
admission and on discharge positively correlated with duration of 
hospitalization and negatively with SHBG concentrations in male 
patients. 
Conclusions. The results of our study demonstrate that in patients 
with acute psychotic episode treatment with antipsychotics lead to 
endocrine abnormalities, such as decrease in SHBG concentrations. 
Women are more vulnerable to side effects. However, severity of 
psychosis negatively correlates with SHBG concentrations in men.
Key words: antipsychotics, adverse events, sex hormone binding 
globulin (SHBG), gender, psychosis, treatment
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sANTRAUKA
Pirminis tikslas buvo ištirti ūminės psichozės gydymo antipsichotikais 
poveikį lytinius hormonus surišančio baltymo (LHSB) koncentracijai. 
Antrinis tikslas – nustatyti sąsajas tarp LHSB koncentracijos kitimo 
ir psichozės sunkumo, vertinto Trumpa psichiatrinio vertinimo skale 
(TPVS). 
Metodai. Tyrime dalyvavo 81 ūminis psichozinis pacientas (42 
vyrai ir 39 moterys), atsitiktine tvarka atvykęs ir hospitalizuotas į 
psichiatrinę ligoninę, kuriam nenustatyta reikšmingų ar nestabilių 
medicininių būklių ar gretutinių psichiatrinių sutrikimų. Veninis 
kraujas LHSB koncentracijos tyrimui paimtas du kartus (atvykimo ir 
išrašymo iš stacionaro dieną). Psichiatrinė diagnozė buvo nustatyta 
remiantis DSM–IV–TR diagnostiniais kriterijais, naudojant Mini Plus 
5.0.0 struktūruotą klinikinį klausimyną. Psichozės sunkumas vertintas 
naudojant Trumpo psichiatrinio vertinimo skalę (TPVS) atvykimo 
ir išrašymo dieną. Visi tyrime dalyvavę pacientai buvo gydyti 
antipsichotikais. 
Rezultatai. Gydant ūminę psichozę antipsichotikais reikšmingai 
mažėjo LHSB koncentracija bendroje pacientų grupėje (F=6.18; p= 
0.015). Nustatyti su lytimi susiję antipsichotikų veikimo skirtumai: 
reikšmingas LHSB koncentracijos sumažėjimas nustatytas moterims 
(F=4.4; p=0.039), bet ne vyrams (F=1.7; p=0.204). Gydant 
haloperidoliu LHSB koncentracija mažėjo stipriau (procentais nuo 
pradinės koncentracijos), nei gydant atipiniais antipsichotikais 
(gydymo poveikis F=4.9; p=0.030) (16 proc. (95 proc. PI = 5–26 
proc.) ir –0.3 proc. (–10 proc.; 9.5 proc.)) atitinkamai. TVPS rodikliai 
prieš gydymą ir po gydymo vyrams teigiamai koreliavo su gydymosi 
stacionare trukme ir neigiamai koreliavo su LHSB koncentracija.
Išvados. Tyrimo rezultatai rodo, kad ūminės psichozės gydymas 
antipsichotikais pacientams sukelia endokrininius pokyčius, tokius 
kaip LHSB koncentracijos sumažėjimas. Moterys yra jautresnės 
nepageidaujamiems reiškiniams. Vis dėlto, vyrams psichozės 
sunkumas neigiamai koreliuoja su LHSB koncentracija.
Raktažodžiai: antipsichotikų nepageidaujami reiškiniai, lytinius 
hormonus surišantis baltymas, lytis, psichozė, gydymas.



dimorphic organ; structurally and functionally [10]. 
Antipsychotic treatment guidelines do not differentiate 
between male and female patients. However, studies in 
humans have shown that the pharmacokinetics and the 
pharmacodynamics of antipsychotic drugs differ between 
genders [11, 12]. Adverse drug events are reported being 
equal for men and for women, but those reported for women 
are more serious [13]. There is general agreement that 
women are more susceptible for several side effects such 
as weight gain, diabetes and specific cardiovascular events, 
when treated with antipsychotics [14, 15, 16]. Cardiovascular 
death, to which men are more susceptible than women, is 
disproportionately high in women using antipsychotics [17, 
18, 19]. Antipsychotics increase the risk for embolism and 
this complication appears to be more common in women 
[20]. The results of several clinical trials confirm that women 
are more susceptible for drug-induced hyperprolactinemia 
[21, 22, 23]. Optimal maintenance regimens for treatment 
with antipsychotics needs lower dose for women compared 
to men [24]. 

Sex hormone binding globulin (SHBG) is a 
glycoprotein synthesized in the liver. Reference range for 
serum concentrations of SHBG is different for men and 
women. SHBG binds sex hormones, regulating their free 
concentrations; and only free hormones are active. Changes in 
SHBG levels lead to alterations in estrogen and testosterone 
activity [25]. SHBG may exert biological functions through 
itself or through regulation of the levels of free sex hormones 
concentrations [26, 27]. Activity of sex hormones is associated 
with the development of cardiovascular events and its risk 
factors [28]. SHBG secretion is suppressed by insulin and by 
androgens and stimulated by growth hormone, by estrogens 
and by thyroid hormones [29, 30]. The measurement of the 
SHBG, as tissue marker of thyroid hormones activity in the 
liver can be a useful diagnostic tool for evaluating thyroid 
hormones metabolism at the tissue level [31]. In human 
studies, serum SHBG was found being negatively correlated 
with obesity [32], dyslipidemia [33], metabolic syndrome 
[34], insulin resistance [35], and type 2 diabetes [36]. Serum 
SHBG is also inversely correlated with serum C-reactive 
protein, a marker for inflammation [37]. There are scanty 
data on effects of antipsychotics medications on the levels 
of the SHBG.

The primary aim of this study was to investigate effect 
of acute psychosis treatment with antipsychotic medications 
on SHBG concentrations. The secondary aim of the study 
was to evaluate relationships between changes in SHBG 
concentrations and severity of psychosis, assessed by the 
Brief Psychiatric Rating scale.

sTUdY PoPULATIoN ANd METHods
The study was performed at the District Mental Hospital, in 

Žiegždriai, Lithuania, according cooperation agreement with 
study contracting organization, Institute of Psychophysiology 
and Rehabilitation, Lithuanian University of Health Sciences. 
The protocol and informed consent form of the study was 
approved by the Regional Committee for the Biomedical 
Research of the Lithuanian University of Health Sciences.

All acute psychotic patients, men and women, 18-70 
years old, consecutively admitted and hospitalized in the 

Acute Psychosis Department of the District Mental Hospital 
were invited to participate in the study, if they were able to 
understand the purpose of and the procedures required for the 
study and had signed a written informed consent form.

Patients were excluded from the study if they had a history 
of any significant or unstable cardiovascular, respiratory, 
neurological, cerebrovascular, renal, hepatic, endocrine, 
immunological condition, history of epileptic seizures, were 
suicidal or agitated, had no diagnosis of psychoactive drug 
dependence 6 month before screening visit, had not receive 
treatment with any somatic medication or received long-acting 
antipsychotics 4 month before admission, electroconvulsive 
therapy (ECT) 3 month before admission and were physically 
healthy as judged by physical examination, medical history 
and results of routine blood and urine tests, not pregnant or 
breast feeding. 

Eighty one acute psychotic patients (42 men and 39 
women) were included into analysis. The mean age of the 
patients in total group, female group, and male group were 35 
(SD = 10), 37 (SD = 10), and 34 (SD = 11) years respectively. 
Their blood samples were collected the next morning after 
hospital admission, after overnight fast for the assessment 
of the SHBG concentrations. The second sample was drawn 
after overnight fast on the day of discharge from the hospital. 
Venous blood was centrifuged and serum was frozen for 
the storage. All serum samples were analyzed for SHBG 
concentrations at the same time avoiding variations in inter-
assay sensitivity.

Psychiatric diagnoses of study patients were made 
according to DSM–IV–TR diagnostic criteria (APA, 2000) 
[38] using three modules of the Mini Plus 5.0.0 structured 
clinical interview [39]: module A for major depressive 
episode, module D for (hypo) manic episode and module 
M for psychotic disorders. Diagnostic algorithms specified 
diagnosis of the specific psychotic disorder. Only patients who 
met criteria for current acute psychotic disorder on module M 
were included to the study.

Severity of psychosis was assessed by the Brief Psychiatric 
Rating Scale (BPRS) the next morning after the admission and 
on the day of discharge after acute psychosis treatment. BPRS 
assesses 18 symptom constructs rated from 0 (symptom not 
present) to 6 (symptom is extremely severe). All diagnostic 
evaluations were made by one study psychiatrist (VS).

During admission to the mental hospital 44 patients were 
diagnosed having schizophrenia; 16 patients, brief psychotic 
disorder; 11 patients, schizoaffective disorder; 5 patients, 
schizophreniform disorder and 5 patients, affective psychosis.

All 81 patients during hospitalization received treatment 
with antipsychotics (38 patients receives haloperidol; 15 
patients, risperidone; 13 patients, olanzapine; 6 patients, 
amisulpiride; 3 patients, ziprazidone; and 6 patients, 
quetiapine); 78 patients received concomitant treatment with 
benzodiazepines (diazepam, clonazepam, lorazepam) and 
22 patients with antidepressants (amitriptyline, sertraline, 
paroxetine, escitalopram, venlafaxine). Mean durations of the 
hospitalization was 29 (SD = 10) days, range (4-55) days.

Serum SHBG concentrations were assessed by the 
radioimmunoassay, using commercial an IMULITE kits 
(Czech Republic). Sensitivity of the SHBG assay was 1.0 
nmol/l for one-step protocol. The normal reference interval 
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for SHBG concentrations was 20-70 nmol/l for men and 30-
100 nmol/l for women.

sTATIsTICAL ANALYsEs

The major dependent variables were the SHBG 
concentrations and BPRS scores. Distributions of age, SHBG 
concentrations and BPRS scores were expressed by mean 
(SD). We related SHBG response to age and the duration of 
hospitalization using Spearman’s correlation coefficient. This 
report focuses on the findings from the total acute psychotic 
patients group and from two gender subgroups.

In the study mean SHBG concentrations and mean change 
in SHBG concentrations from baseline were analyzed within 
and between groups using repeated measures analysis of 
variance, which included two occasions (before psychosis 
treatment and after psychosis treatment), antipsychotics used 
for treatment (haloperidol vs. atypical antipsychotics), gender, 
two-way interactions between occasions and treatment, 
occasions and gender, treatment and gender, as well as 
three-way interaction between occasions, treatment and 
gender. Within this model, pair-wise comparisons between 
two occasions, treatments and genders were tested by t-test. 
Mean change from baseline to endpoint was analyzed using 
analysis of variance (ANOVA). A reduction in the SHBG 
concentrations and BPRS scores was calculated as percent 
change from baseline (before treatment level – after treatment 
divided by before treatment level). The sample was divided 
into tertiles for BPRS scores (by cutoff points of 38 and 43). 
F-test of difference of means was presented. All models and 
effect were tested with a two-sided alpha level of 0.05. Data 
analyses were performed using SPSS statistical software 
(version 17.0).

REsULTs
During admission to the hospital, according to the 

reference range, 3 (7%) female patients had decreased SHBG 
concentrations and 4 (10%) female patients had elevated 
SHBG concentrations; also 3 (6%) male patients had 
decreased SHBG concentrations and 3 (6%) male patients 
had elevated SHBG concentrations. After acute psychosis 
treatment with antipsychotics 6 (14%) female patients had 
decreased SHBG concentrations and only 1 (3%) had elevated 
SHBG concentrations; 7 (13%) male patients had decreased 
and 2 (4%) males- increased SHBG concentrations.

A reduction in the SHBG concentrations form baseline 

score after acute psychosis treatment varied from 2% to 
55% in 57 percent of male patients, and from 0.5% to 
90% in 66 percent of female patients. Reduction of SHBG 
concentrations >20% was established in 40% of female and 
33% male patients. In 43% of male patients and in 34% 
of female patients SHBG concentrations increased after 
treatment.

The level of the SHBG from the total patients group 
and from both gender subgroups are presented in Table 1. In 
the entire sample, a repeated-measures analysis of variance 
revealed that the treatment produced a significant decrease 
in SHBG concentrations (F = 6.18 p = 0.015). There were 
no significant interactions between gender and occasions 
of measures. There were gender–related differences in the 
treatment effects on SHBG concentrations. Significantly 
decreased SHBG concentrations found in antipsychotic treated 
female patients, but not in male patients: effect of occasion 
(F = 4.4; p = 0.039) and (F = 1.7; p = 0.204) respectively. 
The proportion of the change in SHBG concentrations was 
similar in female patients (8.6% (95% CI = –3.8%; 21.2%) 
compared to male patients 5.8% (95% CI = –3.0%; 14.6%) 
(F = 0.15 p = 0.7).

38 (46.9%) patients were assigned to treatment with 
typical antipsychotic haloperidol; other patients were treated 
with different atypical antipsychotics. Patients on haloperidol 
experienced greater SHBG decrease (in percent from 
baseline) than patients on atypical antipsychotics (treatment 
effect F = 4.9 p = 0.030) (16% (95% CI=5%; 26%) and 
–0.3% (–10%; 9.5%) respectively). Separately, for male and 
female patients, decrease in SHBG concentrations in patients 
on haloperidol was greater than the SHBG response seen 
with atypical antipsychotics, but was no longer statistically 
significant (male: F = 2.8 p = 0.07; female: F = 1.6 p = 0.22). 
Treatment with antidepressants and benzodiazepines did not 
affect SHBG concentrations.

As a treatment response, reduction in the total BPRS 
baseline score varied from 19% to 81%; in a range from 19% 
to 50% in 46 percent of patients, in a range from 50% to 70% 
in 42 percent of patients, and in a range from 70% to 81% in 
12 percent of patients.

Average scores of the BPRS are shown in Table 2. BPRS 
scores on two occasions (on admission and on discharge) 
were remarkably differed in male and female patient groups 
in univariate analysis (F = 698 p<0.001 and F = 1683 p<0.001 
respectively); and in multivariate analysis when age, duration 
of hospitalization and SHBG concentrations on admission 
were included as a co-variants (F = 11.8; p = 0.001 and F 
= 21.1; p<0.001, respectively). BPRS scores on admission 
and on discharge in male patients negatively correlated with 
SHBG concentrations (r = –0.34, p = 0.027 and r = –0.38, p 
= 0.011 respectively) and positively correlated on discharge 
with duration of hospitalization (r = 0.32, p = 0.037).

After division the patients into tertiles according to 
disease severity, measured by BPRS (0–38, 39–43 and 
>43) one tertile of psychotic female patients (39–43) had 
significantly lower SHBG concentrations after treatment than 
other tertiles (F = 7.9; p= 0.02) (Fig. 1).

Table 1. sHbG concentrations in psychotic patients before and 
after hospital treatment 
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SHBG mean (SD), nmol/l ANCOVA

Before 
treatment

After 
treatment

Effect of 
treatmenta

All, n=81 51.0 (25.1) 45.5 (25.0) F=6.2 p=0.015b

Men, n=42 41.3 (16.7) 38.4 (18.8) F=1.7 p=0.2

Women, n= 39 61.5 (28.5) 52.9 (28.7) F=4.4 p=0.039

SHBG, Sex hormone binding globulin
aadjusted for age, b adjusted for age and gender
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dIsCUssIoN
The main finding of this naturalistic study demonstrates 

that acute psychosis treatment with antipsychotics is associated 
with gender specific changes in SHBG concentrations. The 
significant decrease in SHBG concentrations was found 
in female patients, but not in male patients. Women with 
medium severity of psychosis demonstrated lowest SHBG 
concentrations after antipsychotic treatment. Most significant 
effects on decrease in SHBG concentrations were associated 
with haloperidol treatment. Severity of psychosis correlated 
negatively with SHBG concentrations in men.

There are only few studies, investigated effects of 
treatment with antipsychotics on SHBG concentrations. 
Study performed by Birkenaes et al. (2009) included data 
from 234 patients with diagnosis of schizophrenia and other 
severe psychotic disorders [40]. Patients were on stable 
monotherapy with antipsychotic olanzapine (n = 72) or other 
antipsychotic, typical or atypical (n = 80), with median 5 
month duration of treatment; one fraction of patients were free 
form antipsychotic medication (n = 82), median duration 12 
month. Groups were matched for gender and were compared 
for SHBG and other endocrine hormones concentrations. 
Study found that olanzapine-treated patients had the lowest 
SHBG concentrations, and in olanzapine-treated female 
patients thus difference was statistically significant compared 
to other subjects. No significant differences were found across 

Fig. 1. sHbG concentrations divided by bPRs tertiles during admission as function of treatment in male and female patients (open 
circle – before treatment, closed circle –after treatment)

male treatment groups in concentrations of SHBG. Authors 
concluded that changes in SHBG were associated with 
olanzapine treatment and female subjects were particularly 
vulnerable. 

The findings of our study show that short- term hospital 
treatment with antipsychotics produces results similar to 
Birkenaes et al. study; suppression of SHBG concentrations 
is strongest in female patients treated with antipsychotics. 
Our 13 psychotic patients, treated with olanzapine did not 
produced different from other antipsychotic effect on SHBG 
concentrations [40]. 

Other naturalistic, 9–month follow-up study [41] 
compared effect of olanzapine vs. typical antipsychotics on 
SHBG concentrations and other endocrine parameters and 
sexual function in 63 male in-patients with acute psychotic 
episodes of schizophrenia. SHBG concentrations were 
measured on discharge from the inpatient unit (baseline), 
and again at 3 and 9 months after discharge. Time points for 
follow up were chosen to assess short and long-term effects 
of antipsychotics on endocrine function. The results of this 
study are similar to our findings; after acute treatment with 
haloperidol SHBG concentrations were lower than after acute 
treatment with atypical antipsychotics. 

Long term effects of antipsychotics on SHBG 
concentrations were assessed in a study of 67 consecutive 
outpatients with schizophrenia after two years treatment with 
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Table 2. Psychotic patients bPRs scores before and after treatment

BPRS, mean (SD) (range) Repeated ANCOVA

Before treatment After treatment Adjusted model

All, N=81b
38.3 (8.0)

(16-53)

18.6 (6.4)

(4-36)

F=18.5;  p<0.001

Gender: F=5.9; p=0.017

Men, n=42
36.0 (9.0)

(16-53)

17.6 (7.3)

(4-36)

F=11.8; p=0.001 

SHBG: F=6.1; p=0.019

Duration of hospitalization: F=5.9; p=0.020

Women, n=39 
40.8 (5.9)

(30-52)

19.6 (5.2

(10-31)
F=21.1; p<0.001



typical antipsychotic medications [42]. The results of this 
study indicate that long term treatment with antipsychotic 
medication in females is likely to increase prolactin and 
to be associated hypo-gonadal state. Plasma prolactin 
levels correlated positively with dose of antipsychotic and 
negatively associated with SHBG concentrations in female 
but not male patients. In our report we do not provide data 
on prolactin concentrations; however, changes in SHBG 
concentrations were more evident in female patients.

Our study has several limitations. We did not have placebo 
treated patients group for SHBG comparison. Therefore, we 
cannot conclude if changes in SHBG concentrations are 
associated with psychosis or with effects of antipsychotic 
drugs. In the future studies all factors, affecting SHBG 

concentrations should be taken into account and the wider 
range of endocrine measurements should be investigated. 
To compare different effects of specific antipsychotics on 
endocrine function of psychotic patients the larger sample 
size is needed.

In conclusions, the results of our study support earlier 
findings that antipsychotics provide effective treatment 
for acute psychotic episode but may lead to endocrine 
abnormalities, such as decrease in SHBG concentrations. 
Women are more vulnerable to this side effect of antipsychotic 
treatment, especially when treated with haloperidol. The 
severity of psychosis negatively correlates with SHBG 
concentrations in men.
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