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Abstract

Background: Although dopamine D2 receptor antagonists lead to dose-dependent prolactin 

(PRL) elevations proportionate to their D2 affinity, considerable inter-individual differences exist. 

We conducted a meta-analytic review of associations between genetic variations in the dopamine 

D2 receptor gene (DRD2) and PRL levels in antipsychotic-treated subjects.
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Methods: Systematic literature search (5/8/2015) was performed to find published studies 

of pharmacogenetic associations between two DRD2 variants, Taq1A (rs1800497) and −141C 

Ins/Del (rs1799732), and PRL levels during antipsychotic treatment (excluding aripiprazole). 

Patients were included independent of age or diagnosis. Random effects models were used and 

Hedges’ g was calculated as the effect size measure. Subgroup analyses explored the effect of sex 

and diagnosis, (males vs females; schizophrenia vs non-schizophrenia).

Results: Altogether, 11 studies (n = 1034, schizophrenia-spectrum = 475) for Taq1A 

polymorphism, and 4 studies (n = 451, schizophrenia-spectrum = 274) for −141C Ins/Del 

polymorphism, each reporting on PRL levels but not on the proportion of patients with 

hyperprolactinemia, were meta-analyzed. Across all patients, there was no statistically significant 

association between PRL levels and either DRD2 Taq1A genotype or DRD2 −141C Ins/Del 

genotype. However, in patients with schizophrenia, PRL levels were significantly higher in DRD2 
Taq1A A1 carriers than A1 non-carriers (studies = 5, n = 475, Hedges’ g = 0.250, 95% CI = 

0.068–0.433, p = 0.007, I2 = 0%).

Discussion: Although there was no significant association between either DRD2 Taq1A 

genotype or DRD2 −141C Ins/Del genotype and PRL levels in all included patients, our results 

suggest that DRD2 Taq1A genotype may affect antipsychotic-related PRL levels in patients with 

schizophrenia. Because of the small sample size, further studies are needed to confirm these 

results.
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1. Introduction

Hyperprolactinemia is one of the common side effects of antipsychotics (Peuskens et 

al., 2014), which is associated with various secondary problems, such as amenorrhea, 

galactorrhea, sexual dysfunction (De Hert et al., 2014), and osteoporosis (Kishimoto et 

al., 2012; Peuskens et al., 2014). Additionally, concerns have been raised about a potential 

association between hyperprolactinemia and breast cancer, which according to the most 

updated meta-analysis fortunately appears to be small to negligible though (De Hert 

et al., 2015). First-generation antipsychotics (FGAs) induce a significant rise in serum 

prolactin (PRL) levels, which are around two to three times higher than the reference 

values (Peuskens et al., 2014). Hyperprolactinemia was found in 71% of patients treated 

with FGAs (Montgomery et al., 2004). A recent meta-analysis showed that haloperidol 

was associated with significantly increased PRL levels compared with placebo (standard 

mean differences (SMD) = 0.70, 95% confidence interval (CI) = 0.56–0.85), whereas 

chlorpromazine was not (SMD = 0.16, 95%CI = −0.48–0.80) (Leucht et al., 2013). 

Although second-generation antipsychotics (SGAs) are characterized by fewer PRL-related 

side effects compared with FGAs (Madhusoodanan et al., 2010), risperidone has been 

associated with more hyperprolactinemia (73.8%) than haloperidol (49.8%) in patients with 

psychosis (Schooler et al., 2005). Furthermore, olanzapine increases plasma PRL levels in 

a dose-dependent manner (Suzuki et al., 2011), although olanzapine clearly has less effect 

on plasma PRL levels than risperidone (Lieberman et al., 2005; Fraguas et al., 2011). In a 
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recent network meta-analysis and using placebo as the reference, risperidone (SMD = 1.23, 

95%CI = 1.06–1.40) and paliperidone (SMD = 1.30, 95%CI = 1.08–1.51) were associated 

with significantly greater PRL increases than all other antipsychotics, whereas aripiprazole 

(SMD = −0.22, 95%CI = −0.46–0.03,) and quetiapine (SMD = −0.05, 95%CI = −0.23–0.13) 

were not associated with significantly increased PRL levels compared to placebo (Leucht 

et al., 2013). Accordingly, hyperprolactinemia is still a relevant side effect of antipsychotic 

treatment of schizophrenia and other psychiatric diseases.

PRL secretion is regulated by dopamine in the anterior pituitary gland (Peuskens et al., 

2014). Antipsychotics, except aripiprazole, are antagonists at the dopamine D2 receptors. 

Since stimulation of the D2 in the pituitary gland by dopamine suppresses PRL secretion, 

antipsychotics that block D2 lead to increased PRL release that is roughly proportional 

to the affinity to the D2 and the antipsychotic serum concentration at the pituitary gland, 

which is outside of the blood-brain barrier (Peuskens et al., 2014). However, there are 

also substantial inter-individual differences in the PRL release across subjects taking the 

same antipsychotic and dose, suggesting an interaction between the antipsychotic and other 

relevant biological factors. Due to the tight correlation between D2 blockade and therapeutic 

as well as adverse effects of antipsychotics, pharmacogenetic research has focused on the 

association between the DRD2 gene and efficacy as well as tolerability of antipsychotics, 

including extrapyramidal side effects (Güzey et al., 2007; Zivković et al., 2013), tardive 

dyskinesia (Bakker et al., 2008) and PRL elevation (Peuskens et al., 2014). The Taq1A 

and the −141C Ins/Del polymorphisms in DRD2 are the most studied polymorphisms of 

antipsychotic response in schizophrenia (Suzuki et al., 2000; Lencz et al., 2006; Zai et al., 

2007; Bakker et al., 2008; Ikeda et al., 2008; Kwon et al., 2008; Zhang et al., 2010; Miura et 

al., 2012, 2015). The Taq1A (rs1800497) is located 10 kb downstream of DRD2, and causes 

an amino substitution within the 11th ankyrin repeat of ankyrin repeat and kinase domain 

containing 1 (ANKK1), which may affect substrate-binding specificity (Neville et al., 2004). 

The −141C Ins/Del (rs1799732) represents a deletion of cytosine at position −141, located 

in the 5′ promoter region of the DRD2 (Arinami et al., 1997). Previous studies reported that 

both Taq1A and −141C Ins/Del polymorphisms influence D2 density in the brain (Noble 

et al., 1991; Thompson et al., 1997; Jönsson et al., 1999). Furthermore, a meta-analysis 

showed that −141C Ins/Del polymorphism was associated with antipsychotic response in 

schizophrenia (6 studies, N = 687, pooled odds ratio = 0.65, 95%CI = 0.43–0.97), whereas 

Taq1A polymorphism was not associated with antipsychotic response (8 studies, N = 748, 

pooled odds ratio = 1.30, 95%CI = 0.92–1.84 for the comparison between A1 allele carriers 

and non-carriers) (Zhang et al., 2010).

The association between elevated PRL levels and polymorphisms in DRD2 has been 

investigated in individual studies of adults with schizophrenia (Mihara et al., 2000, 2001; 

Young et al., 2004; Kwon et al., 2008; Yasui-Furukori et al., 2008; Zhang et al., 2011; Nagai 

et al., 2012) as well as in children and adolescents treated with antipsychotics (Anderson et 

al., 2007; Calarge et al., 2009; Correia et al., 2010; Roke et al., 2013). Some studies have 

shown significant associations between the A1 allele of Taq1A polymorphism and increased 

PRL levels (Mihara et al., 2000, 2001; Young et al., 2004; Calarge et al., 2009), although 

subsequent studies did not show a significant association between serum PRL levels and 

the A1 allele of the Taq1A polymorphism (Anderson et al., 2007; Yasui-Furukori et al., 
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2008; Zhang et al., 2011). Similarly, Zhang et al. (2011) showed a significant association 

between the −141C Ins/Del polymorphism and plasma PRL levels, whereas other studies 

investigating this polymorphism and PRL have shown inconclusive results (Anderson et al., 

2007; Yasui-Furukori et al., 2008; Calarge et al., 2009; Nagai et al., 2012). Because of such 

heterogeneous findings in often small samples, we performed a meta-analysis to investigate 

the association between polymorphisms in DRD2 and increased PRL levels to overcome the 

limitation of small samples and effects in individual studies.

2. Methods

2.1. Search, inclusion criteria, and data extraction

To examine the effects of the Taq1A and −141C Ins/Del polymorphisms in DRD2 on 

plasma PRL levels or changes in plasma PRL levels after the antipsychotic exposure or 

on the proportion of patients with hyperprolactinemia, we conducted a systematic literature 

review using PubMed, Web of Science, and PsycINFO until May 8, 2015 with the following 

keywords: (DRD2 or dopamine D2 receptor or Taq1A or −141C Ins/Del) and (prolactin 

or hyperprolactinemia). To complement the electronic search; we performed a hand search 

of reference lists of relevant studies and reviews. Furthermore; when required data were 

missing or not available; we contacted authors for additional and unpublished information. 

Included in this meta-analysis were: studies reporting on the association between the Taq1A 

or −141C Ins/Del polymorphism in DRD2 and plasma PRL levels (endpoint or change); 

or patients with hyperprolactinemia during treatment with antipsychotics. There were no 

restrictions regarding the age or diagnoses of patients treated with antipsychotics. Excluded 

were studies that studied aripiprazole because aripiprazole has a unique pharmacological 

profile as a D2 partial agonist (Burris et al., 2002); and can decrease plasma PRL levels 

(Peuskens et al., 2014); studied patients treated with antipsychotics for less than 5 half-

lives (basically; single dose antipsychotic studies); or that did not report quantitative meta-

analyzable data. Two authors (I.M. and C.U.C) checked the inclusion and exclusion criteria; 

and independently extracted data. Any disagreements were resolved by discussion.

2.2. Data synthesis and statistical analysis

The outcome measures included both the changes in plasma PRL levels from baseline 

to endpoint and cross-sectional plasma PRL levels. For Taq1A polymorphism, statistical 

analyses were performed for dominant (A1/A1 +A1/A2 vs. A2/A2) and recessive (A1/A1 

vs. A1/A2 + A2/A2) genetic models. For −141C Ins/Del polymorphism, we pooled the 

Del/Del and Ins/Del genotype groups into one group (Del allele carriers) because of the low 

frequency of the Del/Del genotype. Accordingly, statistical analyses were performed for the 

dominant (Del/Del + Ins/Del vs. Ins/Ins) genetic model for −141C Ins/Del polymorphism. 

Data were entered into and analyzed by Comprehensive Meta-Analysis Version 2.0 (https://

www.meta-analysis.com; Borenstein et al., 2005). Random effects model was used to 

combine studies, and Hedges’ g was used as the effect size measure for differences between 

groups. Heterogeneity between studies was tested by using the Q and I2 statistics, with 

p-values < 0.05 and I2 values of ≥50% indicating significant heterogeneity. In addition to 

the overall analyses, we analyzed males and females separately because PRL levels differ 

between males and females, being higher in women due to estrogen effects (Haddad and 
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Wieck, 2004; Peuskens et al., 2014). Furthermore, we performed a second a priory defined 

subgroup analyses comparing patients with schizophrenia with those with non-schizophrenia 

diagnoses, as patients with schizophrenia may have specific dopamine related pathology 

and may receive higher antipsychotic doses. Because possible racial effects may exist 

for variants of DRD2 in its association with the side effects of antipsychotics, including 

sexual dysfunction (Alenius et al., 2008), we performed subgroup analyses to compare 

the different racial subgroups. Finally, we conducted subgroup analyses comparing the 

studies that measured PRL changes during antipsychotic treatment with those measuring 

cross-sectional PRL levels. Furthermore, we performed three exploratory meta-regression 

analyses, investigating percent male, mean age of the study population, and percent 

schizophrenia as moderator variables. Begg’s funnel plot, Egger’s test (Egger et al., 1997), 

and the Duval and Tweedie “trim and fill” method (Duval and Tweedie, 2000) were used 

to explore the possibility of publication bias. We used Bonferroni correction for multiple 

comparisons, and significance level was set at p < 0.025 (2 markers, 0.05/2 = 0.025).

3. Results

3.1. Search results

Supplementary Fig. 1 shows the flowchart of study selection and inclusion. The electronic 

search yielded a total of 1872 potential studies. Among the 1872 identified hits, 853 

articles were duplicates between the databases. Of the 1019 unique studies, we excluded 

989 articles based on title and abstract review. Based on full-text inspection, we excluded 

another 19 references because of the following reasons: the reference was a meeting abstract 

for the same study included in this meta-analysis (articles = 6); plasma PRL levels were 

not measured (articles = 5); the study reported the results of single dose administration 

(articles = 3; Aklillu et al., 2007; López-Rodríguez et al., 2011; Cabaleiro et al., 2013); 

patients received a partial D2 agonist aripiprazole (articles = 2); patients were not treated 

with antipsychotics (articles = 2); the reference was a review article (articles = 1). Finally, 

11 studies including 1034 patients for Taq1A polymorphism, and 4 studies including 451 

patients for −141C Ins/Del polymorphism were meta-analyzed.

3.2. Study, patient and treatment characteristics

Study, patient and treatment characteristics are summarized in Table 1. The mean age of the 

included patients was 32.5 ± 17.5 years, 64.4% were male, 63.4% Caucasians, and 33.4% 

Asians. Out of 11 studies, 5 included patients with schizophrenia (Mihara et al., 2000, 2001; 

Young et al., 2004; Yasui-Furukori et al., 2008; Zhang et al., 2011), 4 included children and 

adolescents (Anderson et al., 2007; Calarge et al., 2009; Correia et al., 2010; Roke et al., 

2013) with predominantly autism-spectrum and disruptive behavior-spectrum disorders, and 

2 included patients with mood disorder or personality disorders (Houston et al., 2010, 2011). 

The sample size per study ranged from 25 to 239. Antipsychotics included risperidone 

in 5 studies, first-generation antipsychotics (bromperidol and nemonapride) in 2 studies, 

mixed first- and second-generation antipsychotics in 2 studies, olanzapine in one study, 

and olanzapine and fluoxetine combination (OFC) in one study. Five of 11 studies were 

cross-sectional, 4 studies were prospective, and 2 were genetic association studies using data 

of randomized controlled trials. Four studies included only Asian patients, 3 studies included 
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only Caucasian patients, and 4 studies included mixed racial/ethnic patients. Seven of 11 

studies measured cross-sectional PRL levels, and 4 studies assessed changes in PRL levels 

over the treatment period. No studies reported on the genotype effect on the proportion of 

patients with study-defined hyperprolactinemia.

3.3. DRD2 Taq1A genotype and antipsychotic-related PRL levels

In the total population, there was a trend in the difference in plasma PRL levels between 

A1 carriers and A1 non-carriers (studies = 11, n = 1034, Hedges’ g = 0.157, 95%CI = 

−0.022 to 0.336, p = 0.086; Fig. 1, Table 2). However, there were no significant associations 

in the total population between DRD2 Taq1A genotype and PRL levels when comparing 

A2 carriers and A2 non-carriers (studies = 7, n = 736, Hedges’ g = 0.081, 95%CI = 

−0.198–0.36, p = 0.568; Table 2). Significant heterogeneity was not present in two genetic 

comparisons (Table 2). In meta-regression analyses, no significant associations were found 

in the 2 genetic comparisons between either percent males, mean age of patients in the study 

samples, or percent schizophrenia and PRL levels.

In patients with schizophrenia, A1 carriers had significantly higher PRL levels than A1 

non-carriers (studies = 5, n = 475, Hedges’ g = 0.250, 95%CI = 0.068–0.433, p = 0.007; 

Table 2), whereas there were no significant associations between DRD2 Taq1A genotype 

and plasma PRL levels in non-schizophrenia patients (Table 2). The association between A1 

carriers and A1 non-carriers remained significant after Bonferroni correction.

Dividing the subjects by sex, no significant associations were found in males or females 

between the DRD2 Taq1A genotype and PRL levels in any of the 2 genetic comparisons, 

which all yielded non-heterogeneous results (Table 2). In Asian patients, there was a trend 

level difference between A1 carriers and A1 non-carriers (studies = 4, n = 331, Hedges’ g 

= 0.216, 95%CI = −0.020–0.451, p = 0.073; Table 2), whereas there were no significant 

associations between DRD2 Taq1A genotype and plasma PRL levels in Caucasian or mixed 

racial/ethnic patients (Table 2). In the PRL measurement subgroup analysis, no significant 

associations were found in both genetic comparisons for either study subgroup measuring 

cross-sectional PRL levels or PRL changes during treatment (Table 2).

3.4. DRD2 −141C Ins/Del genotype and antipsychotic-related PRL levels

In the total population, there were no significant associations between DRD2 −141C Ins/Del 

genotype and PRL levels when comparing Del carriers and Del non-carriers (studies = 

4, n = 451, Hedges’ g = −0.070, 95%CI = −0.423–0.283, p = 0.698; Fig. 2, Table 3). 

Significant heterogeneity was present in this comparison of Del carriers and Del non-carriers 

(Q = 7.409, df = 3, p = 0.06, I2 = 59.5%; Table 3). In meta-regression analyses, there 

was a significant association between male sex and PRL levels (slope = −0.009, 95%CI 

= −0.0176–0.0005, p = 0.038), indicating that a greater proportion of male patients was 

related to a smaller effect of the Del carriers on PRL levels. There was no significant 

association between either mean age or percent schizophrenia and PRL levels in the genetic 

comparisons.

In subgroup analyses, there were also no significant associations between DRD2 −141C 

Ins/Del genotype and PRL levels. Significant heterogeneity was present in the schizophrenia 
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subgroup (Q = 5.333, df = 1, p = 0.021, I2 = 81.3%). Dividing the subjects by sex, there 

were no significant associations between DRD2 −141C Ins/Del genotype and PRL levels 

in males or females (Table 3). Significant heterogeneity was present in males (Q = 4.359, 

df = 2, p = 0.113, I2 = 54.1%) (Table 3). There were no significant associations between 

the DRD2 −141C Ins/Del genotype and plasma PRL levels in Asian or mixed racial/ethnic 

patients (Table 3). Because all 4 studies measured cross-sectional PRL levels, we could not 

perform a subgroup analysis according to the type of PRL measurement.

3.5. Publication bias

There was asymmetry for the A1 carriers vs. A1 non-carriers comparison in females 

(Egger’s test: p = 0.032). Using the Duval and Tweedie trim and fill method, three additional 

potentially unpublished studies were missing for the A1 carriers vs. A1 non-carriers 

comparison in female subjects. After filling in the three missing studies, the genotype 

effect on PRL levels also remained non-significant (Hedges’ g = −0.072, 95%CI = −0.373–

0.230). There was no asymmetry for other Taq1A genotype comparisons depicted in Table 

2 (supplementary Fig. 2 for A1 carriers vs. A1 non-carriers in all subjects). Funnel plot 

inspection revealed no asymmetry for −141C Ins/Del genotype comparisons depicted in 

Table 3 (Supplementary Fig. 3 for Del carriers vs. Del non-carriers in overall subjects).

4. Discussion

To our knowledge, this is the first comprehensive meta-analysis of the association 

between DRD2 polymorphisms and PRL levels or changes during treatment with D2 

antagonist antipsychotic treatment. In this meta-analysis of 11 studies with a total of 

1073 antipsychotic-treated patients, we found no significant associations between the DRD2 
Taq1A or −141C Ins/Del polymorphism and PRL levels in all studies and patients pooled 

together. However, when conducting subgroup analyses by disease, we did find a significant 

difference in plasma PRL levels between Taq1A A1 carriers and A1 non carriers in patients 

with schizophrenia, with A1 carriers showing higher PRL levels. By contrast, no significant 

effects were found in studies with non-schizophrenia patients.

These null findings in all patients from our meta-analysis were contrary to our 

expectations that were based on the well-known and well-replicated relationship between 

full antidopaminergic antipsychotic affinity for the DRD2 and prolactin elevation (Peuskens 

et al., 2014). The non-significant findings are either due to small effects of DRD2 

polymorphisms or other, more important genetic and/or non-genetic factors. The possibility 

that the DRD2 polymorphism effects could be present but small is raised by the fact that 

the number of studies and patients included in this meta-analyses was still quite small. 

Moreover, in pooled analyses, there was a trend level difference in plasma PRL levels 

between A1 carriers and A1 non-carriers (p = 0.086). Furthermore, it is also possible 

that higher doses of antipsychotics increase chances of identifying DRD2 polymorphism 

effects on PRL levels. A potential dose effect is suggested by the significantly higher PRL 

levels in DRD2 Taq1A A1 carriers than A1 non-carriers in patients with schizophrenia, 

who generally receive higher antipsychotic doses than in patients with mood disorders/

personality disorders. However, based on the reported data, it was not possible to calculate 
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and compare chlorpromazine equivalences across the diagnostic subgroups. Furthermore, 

since different antipsychotics possess different PRL raising effects, the mixture of 

antipsychotic agents could have made it more difficult to find a genotype effect in this 

meta-analysis. Moreover, comedications can also have affected the results. For example, 

in 3 of the 4 studies of children and adolescents and the 2 studies with mood and 

personality disorders, co-medications, such as psychostimulants or antidepressants were 

used, whereas only benzodiazepines and anticholinergics were allowed in the studies 

including schizophrenia patients.

Nevertheless, our trend-level findings in all patients and the significant results in those 

with schizophrenia, indicating significantly higher PRL levels in A1 carriers than in A1 

non-carriers, are consistent with previous single dose administration studies (Aklillu et 

al., 2007; López-Rodríguezet al., 2011; Cabaleiro et al., 2013), which demonstrated that 

the A1 allele was associated with greater PRL response to antipsychotics in healthy 

subjects. Furthermore, previous PET studies (Noble et al., 1991; Thompson et al., 1997; 

Pohjalainen et al., 1998; Jönsson et al., 1999) indicated that A1 allele carriers had lower 

DRD2 density than A1 allele non-carriers. If A1 allele carriers have fewer DRD2 than A1 

allele non-carriers, antipsychotics may bind to relatively more DRD2, which may lead to 

increased PRL levels. Interestingly, a previous study showed that Taq1A polymorphism may 

be associated with changes in plasma levels of homovanillic acid, a metabolite of dopamine, 

during antipsychotic treatment of schizophrenia (Miura et al., 2012). In that study, the 

changes of plasma homovanillic acid levels differed significantly between responders 

and nonresponders in A1 allele carriers but not in A1 allele non-carriers, and plasma 

homovanillic acid levels decreased significantly in responders with A1 allele carriers. Taken 

together, despite our overall negative findings, we cannot exclude that Taq1A polymorphism 

may affect the dopaminergic neural response to DRD2 binding by antipsychotics, showing 

a greater response in A1 allele carriers than A1 allele non-carriers and being possibly 

associated with modestly increased PRL levels. Larger studies and meta-analyses are 

required to investigate this question further.

We also did not detect a relationship between antipsychotic-related PRL levels and the 

−141C Ins/Del polymorphism, yet the analyses were limited by the small number of 

available studies (N = 4) and patients (n = 451). The 141C Ins/Del SNP is located in the 5′ 
promoter region of DRD2 gene, and may have effects on transcriptional activities (Arinami 

et al., 1997). Although −141C Ins/Del polymorphism has also been reported to influence 

DRD2 density, indicating that Del allele carriers had higher DRD2 density than Del allele 

non-carriers (Jönsson et al., 1999), although one other study reported no association between 

this polymorphism and DRD2 density (Pohjalainen et al., 1999). Our results suggest that 

−141C Ins/Del is not associated with plasma PRL levels during antipsychotic treatment, 

although additional studies are needed to fully confirm this.

In exploratory meta-regression analyses investigating percent male and mean age as 

moderators, we found significant association between male sex and PRL levels when 

comparing Del carriers and Del non-carriers of −141C Ins/Del polymorphism, whereas 

there were no significant associations between mean age and PRL levels. Female sex has 

been associated with hyperprolactinemia (Kinon et al., 2003; Bushe and Shaw, 2007), which 
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may have affected our meta-analytic results, although the small number of studies and small 

sample size limited the power for these analysis.

There are several limitations of this study. First, despite pooling data from 11 studies, only 

1034 and 451 patients, respectively contributed to each of the 2 DRD2 polymorphism 

analyses. Second, the study samples, antipsychotic treatments, treatment durations and 

doses as well as comedications were heterogeneous and not always detailed to allow 

for meta-regression analyses. Furthermore, due to insufficient information in the included 

studies, we were unable to perform subgroup analyses by specific antipsychotic or group 

of antipsychotics with similar PRL raising effects that differ across different antipsychotics 

(Peuskens et al., 2014; Leucht et al., 2013; Suzuki et al., 2013). Third, this meta-analysis 

focused only two DRD2 polymorphisms and gene–gene interactions could not be examined. 

Thus, other polymorphisms that have not been widely investigated may have relevant effects 

on PRL levels, and investigating gene–gene interactions may be helpful for clarifying 

the genetic underpinnings of antipsychotic-related PRL changes. Furthermore, haplotype 

analysis between the two DRD2 genotypes may be helpful to investigate genetic effects 

on PRL levels. However, the small sample size and meta-analytic study design precluded 

adding this analysis to our study. Finally, based on the published data, we were only able 

to assess DRD2 effects on PRL levels. However, it is possible that the examination of 

subgroups of patients, including those with clinically relevant hyperprolactinemia or the 

examination of tails of the PRL distribution may yield stronger effects. Future studies should 

report findings both for continuous PRL levels as well as for the subgroup of patients with 

hyperprolactinemia as well as those with symptomatic hyperprolactinemia, indicated by 

sexual and/or reproductive system adverse effects.

In summary, we found no significant associations between the two DRD2 polymorphisms 

and PRL levels in patients treated with various antidopaminergic antipsychotics. In the 

subgroup of schizophrenia patients, however, there was significant difference between 

the DRD2 Taq1A polymorphisms and higher plasma PRL levels during antipsychotic 

treatment. However, caution is needed in interpreting the results of this meta-analysis 

because of the small sample size, variety of antipsychotic drugs and heterogeneity across 

studies and samples that could result in both a type I and type II error. Therefore, 

additional studies with larger sample sizes that report more detailed information about 

potential moderators and confounders as well as PRL levels, changes and subgroups with 

hyperprolactinemia are needed to confirm and extend or refute our results. Furthermore, 

studies or subgroup analyses of single antipsychotics are needed to investigate the effect 

of individual antipsychotics. Finally investigating the effect of combinations of Taq1A and 

−141C Ins/Del polymorphisms on plasma PRL levels may be helpful for dissecting the 

genetic risk underlying antipsychotic-related PRL changes and hyperprolactinemia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Forest plot for the association with DRD2 Taq1A polymorphism (A1 carriers vs. A1 

non-carriers) and antipsychotic-related PRL levels using random effects model. Legend: 

Blue diamond represents effect size of each diagnostic subgroup (non-schizophrenia and 

schizophrenia); red diamond represents effect size of overall subjects.
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Fig. 2. 
Forest plot for the association with DRD2 −141C Ins/Del polymorphism (Del carriers vs. 

Del non-carriers) and antipsychotic-related PRL levels using random effects model. Legend: 

Blue diamond represents effect size of each diagnostic subgroup (non-schizophrenia and 

schizophrenia); red diamond represents effect size of overall subjects.
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