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Objective: The strong association between psychiatric patients who receive antipsychotics and 

the incidence of venous thromboembolism (VTE) is known. Although previous reports suggest 

that hyperprolactinemia often increases markers of activated coagulation, few studies have 

examined the direct relationship between the prolactin level elevated by antipsychotics and 

activated markers of activated coagulation.

Method: The participants included 182 patients with schizophrenia (male =89, female =93) 

who received antipsychotic treatments for at least 3 months. Markers of VTE (D-dimer, fibrin/

fibrinogen degradation products, and thrombin–antithrombin complex) and serum prolactin 

concentrations were measured.

Results: Prolactin levels were significantly correlated with the logarithmic transformation of the 

D-dimer (r=0.320, P=0.002) and fibrin/fibrinogen degradation product levels (r=0.236, P=0.026) 

but not of the thrombin–antithrombin complex level (r=0.117, ns) among men. However, no 

correlations were found between the VTE markers and prolactin levels among women. These 

results were confirmed using multiple regression analyses that included demographic factors 

and antipsychotic dosages. 

Conclusion: The current study indicates that hyperprolactinemia is associated with an increase 

in markers of activated coagulation among men receiving antipsychotics. This finding clinically 

implies that monitoring and modulating prolactin levels among men are important to decrease 

the risk of VTE.
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Introduction
Venous thromboembolism (VTE) affects one to two in 1,000 adults, causing severe 

mortality and morbidity.1 VTE comprises deep venous thromboembolism and pulmo-

nary embolism. The risk factors for VTE include advanced age, obesity, hypertension, 

diabetes, dyslipidemia, pregnancy, major surgery, and hormone replacement therapy.1–3 

In addition, particular psychiatric patients under physical restraints, with catatonia, or 

with neuroleptic malignant syndrome are at high risk of VTE.4–6 In addition, antipsy-

chotic drug use is known as a risk factor of VTE. There have been several VTE case 

reports in psychiatric patients receiving antipsychotics between the 1950s and 1980s.7 

This relationship was also discovered among patients receiving clozapine in the 1990s.8 

However, the association between the use of antipsychotics and VTE remains unclear. 

Almost all studies have suggested a positive relationship between antipsychotic use 

and VTE, and these studies have estimated a wide range of risk from 1.1 to 29.3,9–18 

with only one study indicating negative findings.17 

Because the prolactin response to antipsychotics is related to dopamine D2-receptor 

blockade,19–21 hyperprolactinemia is a frequent consequence of certain antipsychotic 
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treatments. Prolactin responses to antipsychotics are greater 

among women than among men. The major effects of hyper-

prolactinemia among women include amenorrhea, galactor-

rhea, the cessation of normal cyclic ovarian function, loss 

of libido, occasional hirsutis,22,23 and long-term osteoporosis 

risk.24 The effects among men include impotence, loss of 

libido, hypospermatogenesis,22,23 and the long-term risk of 

low bone density.24 

Several studies have suggested that increased levels 

of prolactin are associated with platelet aggregation.25,26 

Erem  et  al27 reported that the levels of fibrinogen and 

antithrombin III among patients with prolactinoma were 

significantly increased compared with control participants. 

Similarly, Anaforoglu et al28 found that adenosine diphos-

phate (ADP)-stimulated expression was significantly greater 

in the hyperprolactinemia group than in the control group; 

this ADP-stimulated expression provides evidence of platelet 

activation. Based on these findings, prolactin is regarded as 

a hormone-associated coagulant, and patients with hyper-

prolactinemia are considered at risk for VTE. The sedative 

effect of antipsychotics might cause VTE.

Recently, Skokou and Gourzis29 reported a case of pul-

monary embolism in a woman with bipolar disorder who 

was treated with amisulpride, aripiprazole, and paroxetine. 

Although the contribution of aripiprazole and paroxetine 

cannot be excluded completely, the most likely factor under-

lying the thromboembolic event was hyperprolactinemia 

(92 ng/mL) caused by the amisulpride. 

We hypothesized that hyperprolactinemia during antipsy-

chotic treatment is associated with VTE among psychiatric 

patients. Therefore, we examined the effect of elevated pro-

lactin levels on enhanced coagulation in psychiatric patients 

treated with antipsychotics. In addition, sex-specific effects 

were evaluated because prolactin responses to antipsychotics 

differ between men and women. 

Methods
Participants
This study was conducted at Hirosaki-Aiseikai Hospital 

(Hirosaki, Japan), Kuroishi-Akebono Hospital (Kuroishi, 

Japan), and Hirosaki University Hospital (Hirosaki, Japan). 

The sample consisted of patients registered between January 

1, 2012 and September 1, 2013. All patients (58 inpatients and 

124 outpatients) had schizophrenia and were aged between 

18 and 90 years. We conducted the present study after 

obtaining approval from the Ethics Committee at the Hiro-

saki University School of Medicine. Participants provided 

written informed consent after receiving a full description 

of the study. To be included in this study, the participants 

could not have received hormone replacement therapy or any 

anticoagulant or oral contraceptive medications.

Patients who were pregnant, had malignant tumors, had a 

history of requiring physical restraint over the last 3 months, 

or had difficulty walking were excluded. The patients must 

have received the same antipsychotic treatment for more than 

3 consecutive months. Research psychiatrists conducted the 

psychiatric diagnoses using the Structured Clinical Interview 

for the Diagnostic and Statistical Manual of Mental Disor-

ders, Fourth Edition, of the American Psychiatric Associa-

tion. Participants were coded as having schizophrenia, mood 

disorders, or dementia and were classified as either positive 

or negative for hypertension, diabetes, or dyslipidemia. Their 

current smoking status was also recorded. 

Procedure
Blood samples were drawn between 7 am and 10 am. We 

did not control when the meal and medication were taken 

prior to sampling blood. A cubital vein blood sample was 

taken and divided into two aliquots after the anthropometric 

assessments. 

Body weight and body mass index (BMI) (weight in kg/

height squared) were assessed. The blood levels of D-dimer, 

fibrinogen degradation products (FDP), and thrombin–

antithrombin complex (TAT) were also assessed.

Chemical analyses
Determining serum prolactin and markers 
of activated coagulation
Blood samples were drawn into vacuum tubes containing 

sodium citrate and ethylenediaminetetraacetic acid as anti-

coagulants. The blood samples were separated into plasma 

and cells using centrifugation. Plasma samples were stored 

at -20°C for later use. Serum prolactin concentrations were 

measured using an automated electrochemiluminescence 

immunoassay (Roche Diagnostics, Tokyo, Japan). The coef-

ficients of variation (CVs) of the intra- and interassays were 

less than 10%. Normal CV ranges are 4.3–13.7 μg/L for men, 

4.9–29.3 μg/L for women prior to menopause, and 3.1–15.4 

μg/L for women after menopause. D-dimer and FDP mea-

surements were performed by the latex flocculation method 

using commercial kits for D-dimer (Kainos Laboratories, 

Inc., Tokyo, Japan) and FDP (Sekisui Medical Co., Ltd, 

Tokyo, Japan). Normal ranges are 1.0 μg/L for D-dimer 

and 5 μg/mL for FDP. A TAT assay was performed with 

an enzyme-linked immunosorbent assay (TFB, Inc., Tokyo, 

Japan). The normal range is 3 ng/mL.
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Statistical analyses
We compared descriptive statistics (age, height, body weight, 

BMI, duration of illness, and chlorpromazine equivalent) 

between men and women using Student’s t-test. Unless 

otherwise stated, continuous variables are expressed as the 

mean ± standard deviation (SD). Logarithmic conversions 

were performed for nonnormally distributed variables, 

including D-dimer (log D-dimer), FDP (log FDP), and TAT 

(log TAT). For multiple statistical comparisons between the 

three activated coagulation factors, we applied Bonferroni’s 

corrections. 

To investigate the relationship between prolactin levels 

and individual markers of activated coagulation, correlations 

among these variables were determined using Pearson’s 

correlation analysis. Moreover, the individual markers of 

activated coagulation were calculated in the controls for dif-

ferent levels of prolactin (μg/L). We compared levels across 

the 0th–25th (first quantile), 25th–50th (second quantile), 

50th–75th (third quantile), and 75th–100th (fourth quantile) 

percentiles. Each group was examined via a one-way analysis 

of variance. Multiple regression analysis was performed to 

determine the correlations between the markers of activated 

coagulation (log D-dimer, log FDP, and log TAT) and the 

clinical variables for each group and for all participants. 

In the between-group analyses, the markers of activated 

coagulation were set as the dependent variables, and age, 

sex, BMI, hypertension, diabetes, dyslipidemia, smoking 

status, chlorpromazine equivalent, and prolactin level were 

set as the independent variables. 

The data were skewed. Statistical analyses were performed 

using SPSS 21.0 (IBM Corporation, Armonk, NY).

Results 
Table 1 summarizes the clinical characteristics and laboratory 

parameters for all participants, divided by sex. The median 

age and corresponding SD were 53.0±13.4 years for the men 

and 47.0±16.5 years for the women. This difference was 

significant (P=0.008). The median ± SD prolactin level was 

25.6±21.1 μg/L for men and 52.7±57.5 μg/L for women; 

this difference was significant (P0.001; Table 1). Men 

were significantly older than women (P=0.008). The body 

weight for men was significantly higher than that for women 

(P=0.024, Table 1). However, the BMI of women was sig-

nificantly higher than that of men (P=0.020; Table 1). The 

dose of antipsychotic administered to men was higher than 

that administered to women (P=0.048; Table 1).

Among all the participants, prolactin levels were not 

significantly correlated with the markers of activated coagula-

tion (Table 2). However, a positive correlation was observed 

between prolactin and markers of activated coagulation such 

as log D-dimer (P=0.002) and log FDP (P=0.026) among 

the men. However, after applying Bonferroni’s correction, 

Table 1 Demographic of patients receiving antipsychotics treatment

Men (n=89) Women (n=93) Significance

Age (years) 53.0±13.4 47.0±16.5 P=0.008
Age range (years) 28–79 18–84
Duration of illness (months) 24.8±14.3 17.1±11.3 P0.001
Height (cm) 168.0±7.3 156.5±5.5 P0.001
Body weight (kg) 67.0±14.3 62.2±13.7 P=0.024
Body mass index (kg/m2) 23.7±4.5 25.4±5.3 P=0.020
Current smoker 43% 20%
Comorbidity

Hypertension n=16 (18.0%) n=13 (14.0%)
Diabetes n=11 (12.3%) n=11 (11.8%)
Dyslipidemia n=16 (18.0%) n=23 (24.7%)

Number of different antipsychotic drugs received
1 45 (50.6%) 57 (61.3%)
2 26 (29.2%) 30 (32.3%)
3 18 (20.2%) 6 (6.5%)

Chlorpromazine equivalent (mg/day) 678.1±479.6 548.6±394.0 P=0.048
Prolactin (μg/L) 25.6±21.1 52.7±57.5 P0.001
D-dimer (μg/L) 0.5±0.8 0.5±0.9 P=0.577
FDP (μg/L) 3.6±3.8 3.2±2.8 P=0.535
TAT (mg/L) 9.0±26.4 4.1±4.2 P=0.090

Note: Data show mean ± standard deviation.
Abbreviations: FDP, fibrin/fibrinogen degradation products; TAT, thrombin–antithrombin complex.
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the significance of the correlation between prolactin and 

FDP disappeared. Conversely, no correlation was observed 

between the prolactin level and markers of activated coagula-

tion among the women (Figure 1). Table 3 shows the means 

of the markers of activated coagulation in the four prolactin 

groups. These results indicate a significant difference in 

the D-dimer level among men (P=0.048; Figure 1) but not 

among women. 

Table 4 shows the multiple regression results for the 

markers of activated coagulation. Among men, age, hyper-

tension, diabetes, and prolactin level were significantly 

associated with log D-dimer. Furthermore, only age and BMI 

were positively associated with log FDP among men. Log 

TAT was not associated with any of the dependent variables 

among men and women. Only age was positively associated 

with log D-dimer among women. Age and hypertension were 

significantly associated with log FDP. The dose of antip-

sychotics was not associated with any marker of activated 

coagulation in men or women.

Only half of the patients were receiving antipsychotic 

monotherapy. Among them, no correlations were observed 

between the prolactin levels and the markers of activated 

coagulation in any subgroup of patients receiving a given 

antipsychotic medication.

Discussion 
The results of this study indicated that the prolactin level 

was significantly correlated with certain markers of activated 

coagulation (log D-dimer and log FDP) in men receiving 

antipsychotic treatments. This study is the first to show an 

association between the prolactin level and VTE risk among 

psychiatric patients. Our data showed that men with higher 

levels of prolactin had enhanced markers of activated coagu-

lation (log D-dimer and log FDP) but that women did not 

show this tendency. 

Raaz et al21 suggested that a high density of prolactin 

enhances the ADP-stimulated aggregation of platelets. 

However, prolactin alone does not influence the process 

of aggregation; rather, the combination of prolactin and 

adrenalin does. Prolactin and adrenalin do not lead to platelet 

aggregation separately. Prolactin affects aggregation through 

the Gq protein, which induces the shape change of activated 

platelets. Prolactin receptors are not directly related to 

Gq proteins; rather, they bypass G-protein-related pathways 

and directly interact with protein kinase C. Protein kinase C, 

coupled to protein Gq, is a key enzyme in the signal trans-

duction pathway.

Several case control studies have suggested that the risk 

of VTE gradually rises with increasing levels of prolactin. 

These studies have found an association between prolac-

tin levels and VTE,19,30 although the evidence for the link 

between prolactin and the occurrence of VTE in psychiatric 

patients remains inconclusive. However, almost all of these 

studies included fewer than 30 patients with hyperprolactine-

mia. Therefore, the strength of the current study is its large 

sample size of approximately 100 men and women with 

hyperprolactinemia, which is nearly three times that of any 

previous study.27,28

No significant differences in any marker of activated 

coagulation were observed between men and women in this 

study. This result may be explained by the opposing effects 

of age and BMI on each sex. In this study, the age of the men 

was significantly higher than that of the women (P=0.008). 

Alternatively, the BMI of the women was significantly higher 

than that of the men (P=0.020). As a result, the effects of 

aging and high BMI, which are known to be risk factors for 

VTE, on the markers of activated coagulation might have 

offset each other in men and women. In addition, although the 

daily dose of antipsychotics administered to men was signifi-

cantly higher than that administered to women (P=0.048), no 

difference in the ratio of chlorpromazine equivalent (mg/day) 

to body weight (kg) was detected between men and women 

(P=0.500). Therefore, it is assumed that the blood concen-

tration of this antipsychotic may not be different between 

men and women.

Twenty-three of the 192 patients received aripiprazole in 

this study. Several previous studies have shown that aripip-

razole exerts a negligible effect on prolactin concentration31 

Table 2 Correlation between prolactin and coagulation factors

  All participants (N=192) Men (N=89) Women (N=93)

r Significance r Significance r Significance

Log D-dimer 0.105 P=0.158 0.320 P=0.002 0.018 P=0.866
Log FDP 0.071 P=0.339 0.236 P=0.026 0.020 P=0.849
Log TAT 0.002 P=0.974 0.117 P=0.276 0.026 P=0.806

Note: For D-dimer, FDP, and TAT, logarithmic conversions were performed because of nonnormally distributed variables.
Abbreviations: FDP, fibrin/fibrinogen degradation products; TAT, thrombin–antithrombin complex.
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and alleviates the increases in the prolactin concentrations 

induced by other antipsychotics32 but that other antipsychot-

ics often increase the prolactin concentrations.33 Therefore, 

this mixed patient cohort might not display any association 

between the markers of activated coagulation and the dose 

of antipsychotic.

The prolactin levels of women were nearly twice those 

of men in this study. Nevertheless, prolactin was correlated 

with the markers of activated coagulation levels only in men. 

We hypothesize that differences in illness duration might 

have influenced this result. The median ± SD illness dura-

tion among men was 24.8±14.3 years, whereas that among 

Figure 1 Scatter diagram of coagulation factor and prolactin in male and female patients.
Notes: Relationship between prolactin and log D-dimer (A), relationship between prolactin and log FDP (B), relationship between prolactin and log TAT (C).
Abbreviations: FDP, fibrin/fibrinogen degradation products; TAT, thrombin–antithrombin complex.
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Table 3 Coagulation factor associated with different percentiles of prolactin

Percentile Prolactin (μg/L) D-dimer (μg/L)   FDP (μg/mL)   TAT (ng/mL)  

All participants (N=192)
First quantile (n=56) 0.14–9.46 0.36±0.34 2.64±0.78 7.07±24.56
Second quantile (n=57) 9.54–21.7 0.45±0.61 3.47±3.15 6.31±15.91
Third quantile (n=57) 22.2–49.5 0.54±0.78 F=2.57 3.65±4.16 F=1.70 5.99±17.12 F=0.24
Fourth quantile (n=57) 49.7–343.9 0.78±1.31 P=0.055 3.98±3.88 P=0.17 4.41±3.71 P=0.87

Men (N=89)
First quantile (n=28) 0.14–12.0 0.32±0.39 2.43±0.57 9.59±34.40
Second quantile (n=27) 12.1–21.0 0.40±0.30 3.81±4.08 8.26±22.71
Third quantile (n=27) 21.1–32.6 0.41±0.53 F=2.72 3.00±1.59 F=2.270 4.11±2.31 F=0.34
Forth quantile (n=27) 33.5–143.6 0.80±1.36 P=0.048 4.89±6.00 P=0.085 10.00±4.78 P=0.80

Women (N=93)
First quantile (n=29) 0.37–8.4 0.34±0.25 2.76±0.87 4.55±5.52
Second quantile (n=30) 8.9–23.8 0.51±0.81 3.17±2.02 4.01±4.25
Third quantile (n=30) 24.7–72.8 0.67±0.93 F=1.09 3.50±2.32 F=1.082 3.56±2.25 F=0.31
Fourth quantile (n=29) 73.4–343.9 0.74±1.35 P=0.36 4.03±4.62 P=0.360 4.03±2.83 P=0.82

Note: Data show range for prolactin and mean ± standard deviation for D-dimer, FDP, and TAT.
Abbreviations: FDP, fibrin/fibrinogen degradation products; TAT, thrombin–antithrombin complex.

women was 17.1±11.3 years, representing a significant 

difference (P=0.001; Table 1). The recorded illness duration 

was similar to the length of the patients’ antipsychotic treat-

ments. Therefore, men might be exposed to higher levels of 

prolactin over a longer period. 

The mechanisms that underlie the sex differences in VTE 

remain unknown. At the molecular level, sex differences 

affect platelets and markers of activated coagulation activ-

ity, and sex hormones such as estrogen regulate markers of 

activated coagulation.30,34,35 For example, hyperprolactinemia 

results in low levels of estrogen, and this hormone is associ-

ated with coagulation activity.35,36 Therefore, certain markers 

of activated coagulation might offset the elevated prolactin 

concentrations in women.37,38 However, because we did not 

measure the levels of sex hormones, whether sex hormones 

affected our results remains unknown.

The levels of D-dimer and FDP (but not TAT) were 

positively associated with prolactin levels in men. In general, 

Table 4 Variables identified by multiple regression analysis as predicting coagulation factor in male and female patients

Sex Predictor Log D-dimer Log FDP Log TAT

β Significance β Significance β Significance

Men Prolactin 0.221 P=0.030 0.132 P=0.218 0.098 P=0.394
Age 0.379 P=0.030 0.336 P=0.006 0.065 P=0.612
BMI 0.259 P=0.021 0.249 P=0.036 0.085 P=0.502
Chlorpromazine equivalent -1.749 P=0.084 -0.029 P=0.786 0.109 P=0.344
Hypertension -0.217 P=0.038 -0.147 P=0.182 -0.061 P=0.608
Diabetes -0.210 P=0.035 -0.176 P=0.094 0.109 P=0.335
Dyslipidemia 0.073 P=0.467 -1.042 P=0.300 -0.095 P=0.414

  Current smoker 0.025 P=0.804 -0.041 P=0.709 -0.019 P=0.872
  R 0.537 P0.001 0.443 P=0.020 0.240 P=0.764
Women Prolactin 0.021 P=0.816 0.009 P=0.919 0.020 P=0.857

Age 0.438 P0.001 0.479 P0.001 -0.500 P=0.665
BMI 0.172 P=0.074 0.082 P=0.372 0.111 P=0.327
Chlorpromazine equivalent 0.039 P=0.687 0.006 P=0.949 0.001 P=0.991
Hypertension 0.108 P=0.269 0.245 P=0.011 0.085 P=0.469
Diabetes 0.124 P=0.206 0.039 P=0.678 0.090 P=0.448
Dyslipidemia -0.080 P=0.423 -0.089 P=0.353 -0.065 P=0.587

  Current smoker 0.175 P=0.071 0.026 P=0.775 0.066 P=0.568
  R 0.581 P0.001 0.620 P0.001 0.190 P=0.921

Note: For D-dimer, FDP, and TAT, logarithmic conversions were performed because of nonnormally distributed variables.
Abbreviations: BMI, body mass index; FDP, fibrin/fibrinogen degradation products; TAT, thrombin–antithrombin complex.
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obtaining a blood sample from a small and dehydrated vein 

can falsely elevate plasma TAT levels. Omote et al39 indi-

cated that several plasma markers of activated coagulation, 

including D-dimer and TAT, changed under various difficult 

sampling conditions, with the exception of D-dimer. Difficult 

sampling methods did not influence plasma D-dimer levels. 

Therefore, we hypothesize that the plasma TAT levels of 

this study might have been increased by difficult sampling, 

and that the relationship between plasma TAT and prolactin 

levels might not be significant.

Several factors are indisputably involved in VTE. The 

reasonable hypothesis concerning the formation of VTE must 

be judged in the context of three basic factors: damage to 

the vessel wall, venous stasis, and the abnormal process of 

coagulation.40 These three factors are known as Virchow’s 

triad. However, we did not evaluate all factors involved in 

VTE. Additional studies are required to clarify the mecha-

nisms responsible for VTE in psychiatric patients. 

Because damage to the vessel wall is primarily associated 

with operations or bone fractures, this mechanism has little 

influence on the patient group that received antipsychotics. 

We assumed that the mechanisms of both the abnormal pro-

cess of coagulation and venous stasis influenced the markers 

of activated coagulation in the patient group. Antipsychot-

ics, which are often used in combination with psychotropic 

medications, might cause sedation and reduce daily activ-

ity, thereby contributing to venous stasis. The lifestyles of 

patients on long-term antipsychotics are characterized by a 

lack of exercise, weight gain, and unhealthy diets. Further-

more, metabolic symptoms caused by antipsychotics, such 

as weight gain, hyperglycemia, and dyslipidemia, increase 

the risk for VTE.41,42 

Because many articles have reported that aging increases 

the risk for VTE,43 the influence of age might be stronger than 

the level of prolactin on the markers of activated coagulation 

in this study. In fact, the effect sizes (partial correlation coef-

ficients) of age were greater than those of prolactin in both 

men (0.379 vs 0.221 for log D-dimer and 0.336 vs 0.132 for 

log FDP) and women (0.438 vs 0.021 for log D-dimer and 

0.479 vs 0.009 for log FDP) (Table 4). The stratification of 

patients according to age is required for examining the influ-

ence of prolactin on the risk of VTE. 

The present study had several limitations. First, we 

did not employ a control group; thus, we were unable to 

compare our results or determine the relationship between 

VTE and the level of prolactin in healthy individuals. 

Second, we studied patients with several psychiatric dis-

eases; thus, the direct influence that each disease has on 

the markers of activated coagulation remains unknown. 

Furthermore, measuring the influence that illness severity 

has on markers of activated coagulation is difficult because 

we did not evaluate the diseases using that scale. Third, 

we measured several markers of activated coagulation but 

did not investigate VTE itself using a multislice computed 

tomography scanner. Therefore, whether increases in these 

markers of activated coagulation cause VTE is unknown 

and should be investigated in the future. Fourth, although 

many risk factors for VTE were examined as potential 

confounders in the current study, other risk factors such 

as family history and thrombophilia were not recorded. 

This lack of data might underestimate the risk of VTE, but 

because thrombophilia is rare, our findings are unlikely to 

change substantially.

Conclusion
Hyperprolactinemia is associated with an increase in mark-

ers  of activated coagulation among men receiving antip-

sychotics. Additional studies are required to prospectively 

evaluate the relationship between the level of prolactin and 

VTE among patients receiving antipsychotics.
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