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Objectives: It has been well documented that elevation of serum prolactin (PRL) level and 

weight gain are common in patients receiving treatment with atypical antipsychotics. The existing 

evidences show that serum PRL is elevated in schizophrenic patients treated with olanzapine. 

However, little is known about the long-term effects of olanzapine on PRL levels and weight 

gain in female patients with schizophrenia.

Materials and methods: This study addressed this issue by investigating the relationship 

between serum PRL level and body mass index (BMI). Seventy-nine female patients with first-

episode schizophrenia were recruited and received olanzapine monotherapy for 12 weeks. Serum 

PRL level and BMI were measured at baseline and at 4, 8, 12 weeks. Thirty-five age-matched 

healthy female individuals were recruited as controls. The severity of psychiatric symptoms 

was evaluated using the Positive and Negative Syndrome Scale.

Results: The olanzapine treatment for 12 weeks significantly increased serum PRL (P,0.01) 

level and BMI (P,0.01). A positive correlation between the pre- and posttreatment changes in 

serum PRL level and BMI was observed (r=0.247, P=0.028).

Conclusion: Our findings suggest that PRL might conceivably modulate weight gain in female 

patients with schizophrenia receiving olanzapine treatment; however, the exact mechanism 

remains unclear.
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Introduction
Schizophrenia is a chronic and debilitating psychiatric disorder characterized by 

positive and negative symptoms. Antipsychotics have been widely used to treat 

schizophrenia since first-generation antipsychotics (FGAs) were approved for clinical 

practice in the 1950s. Compared with FGAs, second-generation antipsychotics (SGAs) 

seem to have more pronounced clinical effects. Therefore, SGAs are currently pref-

erentially prescribed to patients with schizophrenia.1,2

Olanzapine is a class of medications called atypical antipsychotics and is one of the 

most frequently prescribed SGAs.3 However, olanzapine is known to induce weight 

gain. For example, a head-to-head meta-analysis reported that olanzapine causes the 

highest amount of weight gain.4 Additionally, there is ample evidence showing that 

it is likely that a complex biological mechanism is involved5 and that neuroendocrine 

alternation may play an important role in olanzapine-induced weight gain.6,7

A major adverse effect of antipsychotics on the endocrine system is hyperprolactine-

mia that causes sexual dysfunction and galactorrhea. Clinical observations have shown 

that olanzapine induces elevated PRL concentrations in a dose-dependent manner and 

has less effect on PRL levels than other SGAs such as risperidone.8–10 However, subse-

quent studies have not reached a consensus.11 One possible reason for this inconsistency 
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is the neglect of gender differences in the research designs of 

related studies. There is evidence of gender-specific effects 

of olanzapine on PRL elevation in Japanese drug-naïve 

schizophrenia patients.12 As such, gender difference needs 

to be taken into consideration when evaluating the effect of 

olanzapine on PRL elevation.10 Although females are more 

prone to be affected by antipsychotic-induced hyperpro-

lactinemia than males,13 there is little literature reporting the 

trajectory of olanzapine-induced PRL elevation in females 

and its relationship with body mass index (BMI).

To address this issue, we carried out a 12-week longitu-

dinal prospective study in female drug-naïve patients with 

first-episode schizophrenia under olanzapine monotherapy.

Materials and methods
Patients
All patients were Han Chinese and provided written informed 

consent before any study-related procedures were performed. 

All procedures were reviewed and approved by the Institution 

Review Board of Wenzhou Kangning Hospital. This study 

was performed in accordance with the guidelines laid out in 

the Declaration of Helsinki as revised in 1989.

Ninety-one female first-episode drug-naïve (FEDN) inpa-

tients were recruited at their initial evaluation for psychosis, 

shortly before antipsychotic treatment was started. The defi-

nition of the first episode was that patients had experienced 

their first-ever onset of psychotic symptoms. They were 

followed for about 12 weeks as inpatients after admission to 

establish a diagnosis of schizophrenia as per the Diagnostic 

and Statistical Manual of Mental Disorders, 4th edition 

(DSM-IV). Diagnostic assessments were completed by 

two independent senior psychiatrists for each patients and 

confirmed with the Structured Clinical Interview for DSM-IV 

(SCID). For all subjects, a questionnaire survey was con-

ducted by trained research staff to collect general information, 

demographic characteristics, and physical illness histories. 

Complete medical histories, physical examinations, and 

laboratory tests were collected from medical records and 

collateral resources. Patients who completed 12 weeks of 

follow-up were included in the analysis. Finally, a total of 

79 female FEDN patients completed 12 weeks of treatment. 

The average age and education level of these patients were 

34.30±8.88 and 8.97±3.14 years, respectively. The clini-

cal subtypes were: paranoid=38 (48.1%), disorganized=31 

(39.2%), residual=4 (5.1%), and undifferentiated=6 (7.6%). 

A flow diagram of study screening, enrollment, and reasons 

for termination is shown in Figure 1.

From admission, all patients received three meals daily 

consisting of a balanced diet directly from the hospital and 

had the opportunity for one hour of physical exercise per day. 

All patients had similar food. During hospitalization, their 

family members or friends occasionally supplemented them 

with fruit or snacks. The patients in the present study could 

be considered a representative sample of institutionalized 

patients with schizophrenia in China.

Thirty-five healthy Han Chinese control subjects were 

recruited from the local community in Wenzhou city. Their 

current mental health status and personal or family history of 

mental disorders were assessed by unstructured interviews. 

None of the healthy control subjects had a personal or family 

history of psychiatric disorder.

Subjects with on-going allergies, infections, or a 

history of autoimmune disorders were excluded. Neither 

the schizophrenic patients nor the control subjects suffered 

Figure 1 Subject flow through the study of olanzapine.
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from substance dependence or abuse other than of tobacco, 

received immunosuppressive drugs, or took medications for 

physical diseases. Furthermore, subjects who were pregnant 

or lactating were excluded.

Clinical measures
On the day when blood was sampled, the patient’s psy-

chopathology was assessed with the Positive and Negative 

Syndrome Scale (PANSS) by one of the three psychiatrists. 

The psychiatrists had simultaneously attended a training 

session in the use of the PANSS before the study began. 

To ensure consistency and reliability of the PANSS ratings 

after training, the paired ratings of two psychiatrists for each 

patient assessment were compared at each of the repeated 

assessments during the study. In those comparisons, they 

maintained a correlation coefficient .0.8 on the PANSS 

total score.

Height was measured at enrollment, and body weight and 

BMI (weight/height) were collected following an overnight 

fast at baseline, and at the end of 4, 8, and 12 weeks. The 

same scale and the same wall-mounted height measurement 

device were used for the entire study. Body weight was 

taken with subjects wearing light clothing and no shoes, 

and after having emptied their pockets. All measurements 

were repeated three times for each patient, and mean values 

were reported. Olanzapine treatment was initiated at 5 mg/

day and increased to ~20 mg/day after 2 weeks according to 

clinical judgments. Low doses of benzodiazepines were used 

if necessary. The baseline BMI data were collected from the 

FEDN patients at the initial evaluation for psychosis, shortly 

before antipsychotic treatment was started.

Serum PRL assay
Serum samples were collected from all participants between 

7:00 AM and 9:00 AM following an overnight fast. Samples 

were taken at baseline and 4, 8, and 12 weeks after beginning 

olanzapine treatment. The serum was separated, aliquoted, 

and stored at -80°C until they were assayed.

Serum PRL was assayed using the standard of the Advia-

Centaurs Chemiluminescence (Advia-Centaur CP, Siemens 

Healthcare Diagnostics, Germany) immunoassay method.14 

Each assay was run in duplicates. All samples were measured 

by the same investigator who was blind to the study. The 

inter- and intraassay coefficients of variation were 9% and 

7%, respectively.

Statistical analysis
The normality of the data’s distribution was tested using 

Kolmogorov–Smirnov tests. All the demographic and 

clinical data, including BMI, were normally distributed 

(all P.0.05) in both patients and normal control subjects. 

Independent t-tests, ANOVAs, and chi-squared tests were 

carried out to compare the two groups in terms of basic 

sociodemographic and clinical characteristics. Data are 

presented as mean ± SD. Repeated measures multivariate 

analysis of covariance assessed changes in body weight, 

BMI, and serum PRL level between groups at 4, 8, and 

12 weeks. Lastly, Pearson’s correlation coefficient was 

used to determine the association between serum PRL level 

change (pre- and posttreatment) and sociodemographic 

variables, especially PRL level change and BMI gain. 

Bonferroni corrections were applied to each test to adjust 

for multiple testing. All tests were two-tailed, with the sig-

nificant level set at 0.05.

Results
Demographic data
Table 1 shows the subjects’ demographic data. There was no 

significant difference between the patients and the healthy 

control subjects in terms of age, education, height, and 

weight. There were significant differences in BMI (P=0.004) 

and serum prolactin level (P=0.001). Mean weight and BMI 

gain in patients since recruitment were 5.63±4.01 kg and 

2.20±1.56 kg/m2, respectively.

Serum PRL assay
The initial serum PRL level in patients with schizophrenia 

was 17.61±2.28 ng/mL, significantly higher than that in 

healthy controls (12.12±3.08 ng/mL; P,0.001; Table 1), 

and increased significantly to 67.70±47.45 ng/mL after 

treatment for 4 weeks, and to 84.14±47.70 ng/mL after treat-

ment for 8 weeks. However, another 4 weeks’ treatment did 

not yield further increases in serum PRL level, although it 

remained significantly higher than at baseline (Table 2 and 

Figure 2).

Correlations between serum PRL and 
BMI gain
After 12 weeks of treatment, the average weight of patients 

increased to 55.37±7.20 kg, which was significantly higher 

than that at baseline (F=27.21, P,0.001), and the BMI was 

also significantly higher than that at baseline (F=25.07, 

P,0.001) (Table 2 and Figure 3).

Regarding the correlation between serum PRL level 

change and sociodemographic variables, after Bonferroni 

correction for multiple testing, a significant positive rela-

tionship was found in BMI gain (r=0.247, P=0.028) and age 
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(r=0.312, P=0.005). No relationship was noted between PRL 

change and education (Figure 4).

Discussion
Olanzapine is an SGA with an orexigenic effect that induces 

serious metabolic problems in humans.15 In this study, we 

observed that female patients with first-episode schizophrenia 

had significantly increased BMIs after 12 weeks of olanzapine 

monotherapy. This is consistent with most previous clinical 

and preclinical studies.16,17 In parallel with weight gain, the 

serum PRL levels in such patients also seemed to significantly 

increase. Early literature has documented that olanzapine 

elevates PRL levels11,18–20 in a dose-dependent manner.21 

Further analysis have shown that there was a correlation 

between the increases in BMI and PRL level.

It was reported that PRL may contribute to hyperphagia 

in females.22 Early preclinical studies showed that exog-

enous PRL administration leads to increased food intake 

and weight gain in female rats.23 Clinical observations also 

showed that hyperprolactinemia in humans may be associ-

ated with a high prevalence of obesity and that normaliza-

tion of PRL levels could result in weight loss in 79% of 

prolactinomas patients.24,25 As such, our findings suggest 

that olanzapine-induced PRL elevation may conceivably 

modulate weight gain in females. Although most SGAs are 

associated with body weight gain, a meta-analysis indicated 

that olanzapine causes the highest weight gain in first-episode 

psychosis patients.26 However, olanzapine produces a modest 

increase of PRL compared with other SGAs such as paliperi-

done and risperidone.27 Therefore, PRL elevation may not 

fully explain the olanzapine-induced weight gain. Olanzapine 

is believed to work by its multiple-receptor-blocking profile. 

A recent study demonstrated that olanzapine causes weight 

gain by targeting serotonin receptor 2C (5-HT2C).28 

As such, our findings imply that PRL elevation may be a 

component of weight gain in olanzapine-treated patients. 

However, it remains unknown whether PRL contributes 

more to weight gain with paliperidone treatment than with 

olanzapine. Further studies are required to investigate these 

relationships.

Several studies have reported increased serum prolactin 

levels in FEDN schizophrenia patients.29,30 Recently, Aston 

et al31 and Shrivastava and Tamhane32 also concluded that 

elevated serum PRL levels at baseline might be preexisting 

in some drug-naïve patients with schizophrenia. High PRL 

levels at baseline could be used for long-term prognosis and 

Table 1 Demographics of FEDN with schizophrenia and healthy controls

FEDN (n=79) Healthy control (n=35) T or χ2 P-value

Age (years) 34.30±8.88 37.03±8.09 1.55 0.12
Education (years) 8.97±3.14 7.94±4.08 1.47 0.14
Height (m) 1.60±0.06 1.59±0.65 0.58 0.56
Weight (kg) 49.75±6.34 51.89±4.13 1.83 0.07
BMI (kg/m2) 19.51±2.64 20.49±0.88 2.94 0.004
Prolactin (ng/mL) 17.61±2.28 12.12±3.08 10.60 0.001
Subtypes of schizophrenia

Paranoid type 38 N/A
Disorganized type 31 N/A
Residual type 4 N/A
Undifferentiated type 6 N/A
PANSS total score 84.20±12.93 N/A
P subscore 25.46±5.22 N/A
N subscore 18.34±4.53 N/A
G subscore 40.41±6.81 N/A

Notes: P subscore: positive symptom subscore; N subscore: negative symptom subscore; G subscore: general psychopathology subscore; N/A means not applicable.
Abbreviations: BMI, body mass index; FEDN, first-episode drug-naïve; PANSS, Positive and Negative Syndrome Scale.

Table 2 Weight-related, BMI and prolactin effects of olanzapine during 12 weeks of treatment

Baseline Week 4 Week 8 Week 12 F or χ2 P-value

Prolactin 17.61±2.28 67.70±47.45 84.14±47.70 81.01±49.62 42.96 0.001
Weight 49.75±6.34 52.89±6.76 54.50±6.83 55.37±7.20 10.52 0.001
BMI 19.51±2.64 20.74±2.77 21.38±2.82 21.71±2.86 9.60 0.001

Notes: Prolactin are shown in ng/mL; weight are shown in kg; BMI, calculated as (weight in kg)/(height in m2).
Abbreviation: BMI, body mass index.
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psychopathology but are not indicators in the short term. 

Furthermore, a complicating issue in defining standard 

ranges for PRL levels is that they may depend on one or 

more biological or clinical factors, such as gender, age, BMI, 

nutrition, stress, exercise, sex-steroid concentrations, core 

temperature, and medications.33

Some other studies found higher BMI in FEDN schizo-

phrenia patients (compared to age-matched controls) after the 

first weeks of treatment but found no significant difference 

before medication.34 The underlying mechanisms of weight 

gain are not completely understood. We speculate that several 

factors, such as differences in exercise load and intensity, 

nutrition intake, schizophrenia subtype, definitions of “drug-

naïve,” or biological heterogeneity may be responsible for 

differences in baseline BMI and prolactin level.

Perhaps the dysfunction of the PRL level is more sensi-

tive or more vulnerable than that of weight gain in the early 

course of schizophrenia illness. However, this is only our 

speculation and we cannot offer reasonable mechanisms 

that explain why PRL was associated with BMI in our first-

episode schizophrenia patients. Further research is necessary 

to clarify the relationship between PRL, BMI, and the onset 

of schizophrenia.

The variability of prolactin and weight measurement was 

reduced in this study by processing all samples in a single 

batch. If different blood samples and subjects were assayed 

at different times or if significant random batch-to-batch 

variation were present, the reliability of the measurements 

would be somewhat lower than the values calculated here. 

By assaying all blood samples and subjects in the same batch, 

we avoided any systematic time trends in the assay results.

This study has several limitations. First, the small sample 

size might increase the possibility of type II errors and 

make it difficult to generalize the findings. Moreover, it is 

unfortunate that the control cohort was much smaller than 

the patient cohort, as this may lead to bias in the statistical 

analysis. Second, this study employed female patients with 

first-episode schizophrenia and, thus, our conclusions may 

not be generalized to the whole schizophrenia population. 

Third, we did not measure the duration of the untreated 

first-episode patients with schizophrenia in this study. This 

could also contribute to the high BMI and prolactin levels 

observed before treatment. Fourth, we did not include male 

patients with schizophrenia as a comparison group, which 

we suggest is the primary limitation. Fifth, we could not 

measure estrogen levels and menstrual cycles, which might 

be considered a limitation. Sixth, we did not demonstrate 

the number of children and pregnancies in the present study. 

Seventh, the study would be more interesting if other atypical 

and classical antipsychotic medications were included. Such 

research ought to be performed in the future.

Figure 4 The correlation between the increase of BMI and the change in serum 
prolactin at pre- and posttreatment with olanzapine.
Abbreviation: BMI, body mass index.

Figure 3 The change of weight during 12 weeks treatment with olanzapine.
Note: Block dots represent the mean weight level.

Figure 2 The change of prolactin during 12-week treatment with olanzapine.
Note: Black squares represent the mean prolactin level.
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Conclusion
We performed a prospective, open-label, 12-week observa-

tional study to investigate the effect of olanzapine mono-

therapy on female patients with first-episode schizophrenia. 

Our findings provided evidence that prolactin might conceiv-

ably modulate weight gain in schizophrenia patients receiving 

olanzapine treatment; however, the exact mechanism remains 

unclear. Further investigations and replications are needed 

to provide more robust conclusions in this field.
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