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Background: One of the most frequent side effects of atypical antipsychotics is hyperprolactinemia (HPRL), and metformin or aripiprazole co-prescription is regarded as an effective therapy option for reducing prolactin (PRL) levels. However, whether either of the two drugs can reduce PRL levels in patients with long-term hospitalized chronic schizophrenia with co-morbid type 2 diabetes (T2DM) has not been adequately reported.

Methods: In our study, long-term hospitalized chronic schizophrenia patients with co-T2DM who were prescribed olanzapine or risperidone as the primary antipsychotic medication were enrolled. A total of 197 of these cases with co-prescribed aripiprazole were set up as the study group (co-Ari group), and the other 204 cases without co-prescribed aripiprazole were set up as the control group (non-Ari group). The two groups’ variations in each target parameter were compared, and the variables affecting PRL levels were examined.

Results: Compared to the non-Ari group, fasting blood glucose (FBG), blood uric acid (UA), total cholesterol (TC), triglyceride (TG), and low-density lipoprotein cholesterol (LDL-C) levels were significantly higher in the co-Ari group, but there was no difference in PRL levels. Co-prescribing aripiprazole had no impact on PRL levels in all patients with co-T2DM, and aripiprazole dose had no impact on PRL levels in the clinical subgroup of the co-Ari group.

Conclusion: Aripiprazole not only worsened the severity of index disturbances associated to metabolism in long-term hospitalized chronic schizophrenia patients with co-T2DM on metformin-based hypoglycemic medications but also failed to lower PRL levels.
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1. Introduction

The most significant and fundamental form of treatment for schizophrenia is antipsychotic medication, as we all know. And one of the most prevalent and common adverse drug reactions to antipsychotic medications is hyperprolactinemia (HPRL) (1), but it is believed to have decreased with the broad and extensive clinical prescribing of second-generation antipsychotics as opposed to traditional antipsychotics (2). However, the real clinical situation may not be as optimistic as perceived. According to a significant Chinese study, the prevalence of HPRL in hospitalized schizophrenia patients is up to 61.3% and is similar in men and women (3). Among the many atypical antipsychotics, risperidone is considered to have one of the most significant effects on elevating prolactin (PRL) levels in psychiatric patients, and the PRL- increasing pharmacological effects of olanzapine should not be underestimated (1). A study from the Chinese province of Taiwan found that olanzapine can cause high levels of PRL (up to 51.6%) (4). What’s more, risperidone and olanzapine are two of the top-ranked antipsychotic drugs in terms of prescription rates, according to reports of prescribing patterns for psychiatric patients from around the world, including China (5–8). It is therefore not surprising to observe that HPRL brought on by atypical antipsychotics, such as risperidone and olanzapine, continue to be widespread and require proper clinical attention.

Long-term exposure to excessive PRL levels is frequently linked to an increased risk of sexual dysfunction (9), weight gain (10), cardiovascular disease (11), osteoporosis (12), and even cancer (13). In order to decrease the risk of adverse events and accidents in psychiatric patients and to promote patient compliance with treatment, it is vital for psychiatrists to find effective ways to diminish or neutralize antipsychotic-induced HPRL. In clinical practice, metformin is a frequently used hypoglycemic drug that has been shown to have pharmacological effects in attenuating antipsychotic-induced HPRL (14), but the specific mechanism of action is uncertain. It has been found that metformin can cross the blood-brain barrier and appears at higher levels in the pituitary gland than in other brain tissues (15). This suggests that metformin may have a local interaction with PRL-secreting cells in the pituitary gland to suppress elevated PRL levels. Distinguishing from metformin, as a novel antipsychotic with “PRL-sparing” effects (16, 17), aripiprazole has an partial agonistic effect on D2, as well as a partial agonistic effect on 5-HT1A and/or an antagonistic effect on 5-HT2A that exerts a PRL-lowering effect (18, 19). As a result, co-prescription of metformin or aripiprazole is considered an effective treatment option to reduce or alleviate HPRL caused by psychiatric drugs (20, 21). Unfortunately, the results of these studies or the specific recommendations given are for the general population with schizophrenia rather than for the group of long-term hospitalized chronic schizophrenia people with co-type 2 diabetes (T2DM).

We discovered by chance that aripiprazole did not lower PRL levels in a subclinical group of schizophrenic patients with co-T2DM in our earlier study when we examined the factors influencing PRL levels in chronically schizophrenic patients with long-term hospitalization for co-T2DM (22). However, due to the study’s limited sample size of aripiprazole-prescribed cases, statistical efficacy was compromised, leaving the conclusions without any useful advice for clinical action. The purpose of this study was to clarify the specific effects of aripiprazole on the PRL levels in co-T2DM schizophrenic patients, to fill in the gaps of the aforementioned study, to provide a reasonable and effective approach to the specific prescription, and to increase the sample size of this clinical subgroup.



2. Materials and methods


2.1. Subjects

A total of 197 schizophrenic patients with long-term hospitalization and co-T2DM who were hospitalized at Wuhan Mental Health Center and Suzhou Guangji Hospital from June 2015 to August 2022 with co-prescription of aripiprazole were included as the study group in this study.


2.1.1. Inclusion criteria

(1) Meet the criteria for the diagnosis of schizophrenia in the QQInternational Classification of Diseases 10th Revision (ICD-10).

(2) Age range of 25–70 years old, male and female cannot be restricted.

(3) The duration of psychiatric illness was 6 years or more, and there were no adjustments in the dose or type of antipsychotic medication in the 2 months before collection of the target data.

(4) The duration of continuous uninterrupted inpatient treatment is not less than 2 years.

(5) The antipsychotic prescribed during hospitalization was olanzapine in combination with aripiprazole or risperidone in combination with aripiprazole, and the doses of the three antipsychotics involved were not limited.

(6) All enrolled patients were co-T2DM and were treated with oral hypoglycemic agents for glycemic control. Additionally, diabetes mellitus did not last less than 1 year.



2.1.2. Exclusion criteria

Exclude bipolar disorder, major depressive disorder, personality disorders, psychiatric disorders due to epilepsy, intellectual developmental disorders, psychiatric disorders due to somatic disorders, and other psychiatric disorders other than schizophrenia. Those with type 1 diabetes (T1DM) and T2DM who need extra exogenous insulin for glycemic control should be excluded. Patients with severe physical comorbidities were also disqualified, including those with cerebrovascular disease, severe heart disease, somatic dysfunction, and other conditions that limit free movement and affect executive function, as well as those with polycystic ovary syndrome and pituitary tumors that affect PRL levels.

In the course of gathering study group cases, we included 204 schizophrenic patients with co-T2DM as the control group, which had the same inclusion and exclusion criteria as the study group, except that aripiprazole was not prescribed.

This study was reviewed and approved by the Ethics Committee of Wuhan Mental Health Center.




2.2. Research design

The study design was a two-center retrospective case-control study. We studied long-term hospitalized chronic schizophrenic patients with co-T2DM, with the group of patients co-prescribed with aripiprazole as the study group (co-Ari group) and the group of patients not co-prescribed with aripiprazole as the control group (non-Ari group), comparing the differences between the two clinical subgroups in terms of common demographic data and general clinical data, especially in terms of PRL levels. The factors influencing the PRL levels in the study group were also analyzed.

We extracted demographic information and general clinical data from the electronic case systems of the two centers for cases meeting the inclusion criteria for the study and control groups, including age, gender, educational background, body weight (BW), abdominal circumference (AC), body mass index (BMI), duration of psychiatric illness and age of onset, length of stay in the hospital, antipsychotic type and dose, glucose-lowering drug type and dose, fasting blood glucose (FBG), renal function [namely: blood urea nitrogen (BUN); blood creatinine (CRE); blood uric acid (UA)], blood lipids [namely: total cholesterol (TC); triglyceride (TG); low-density lipoprotein cholesterol (LDL-C); high-DL-C (HDL-C)], and PRL. The above indicators were recorded in a self-made spreadsheet.

We defined patients with continuous and uninterrupted hospitalization of greater than or equal to 2 years from the first day of the current hospitalization as long-term hospitalized patients. The time point at which the target parameters were tested and extracted for all samples was required to no history of antipsychotic drug type and dose adjustment and exogenous insulin supplementation in the 2 months before that time. All parameters involved that require the testing of venous blood were measured using morning fasting venous blood as the specimen. BW, AC, BMI were also measured and calculated values obtained in the morning fasting state.



2.3. Data analysis

The obtained continuous variables that fit the normal distribution were expressed as mean and standard deviation, and categorical variables were expressed as counts (percentages). First, we used independent samples t-tests or chi-square tests to compare the differences between the study and control groups for each target parameter. Secondly, we used Pearson’s correlation analysis to obtain parameters related to PRL levels for all included samples (a total of 401 participants). Thirdly, a multiple linear regression model was constructed to analyze the factors influencing PRL levels in the total sample size. Finally, a second multiple linear regression model was constructed for the study group sample to analyze the factors influencing PRL levels in this clinical subgroup. All P-values were two-tailed, and the significance level was <0.05. Statistical analyses were performed using SPSS 27 (SPSS, Inc., Chicago, IL, USA).




3. Results


3.1. Differences in target parameters between the two clinical subgroups

In patients prescribed olanzapine, the average daily drug dose of olanzapine was (12.86 ± 5.42) mg, and the average daily drug dose of risperidone was (4.10 ± 1.38) mg. The average daily dose of aripiprazole in the co-Ari group was (13.96 ± 3.75) mg. FBG, UA, TC, TG, and LDL-C levels were significantly higher in the study group compared to the control group (t = 2.00, p = 0.046; t = 2.17, p = 0.030; t = 2.50, p = 0.013; t = 3.81, p < 0.001; respectively), but there was no difference in PRL levels (t = 0.56, p = 0.579) (Table 1).


TABLE 1    Demographic and general clinical data.
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3.2. Factors associated with PRL levels for all included patients

For all included co-T2DM schizophrenia patients, age (r = 0.01, p = 0.017), schizophrenia duration (r = 0.17, p = 0.001), prescription olanzapine (r = 0.11, p = 0.035), prescription risperidone (r = −0.03, p = 0.035), and LDL-C levels (r = 0.27, p < 0.001) were positively associated with PRL levels, while, prescription metformin (r = −0.11, p = 0.048), prescription aripiprazole (r = −0.01, p = 0.009), FBG levels (r = −0.09, p = 0.041), and UA levels (r = −0.14, p = 0.007) were positively associated with PRL levels (Table 2).


TABLE 2    Factors associated with PRL levels in patients with schizophrenia co-type 2 diabetes (T2DM).
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3.3. Factors influencing PRL levels in all included patients

We constructed a multivariate linear model with PRL level as the dependent variable and the above clinical parameters associated with PRL level as independent variables. The three variables involved in the model, aripiprazole, olanzapine, and risperidone, were defined as dichotomous variables (0 = prescribed, 1 = unprescribed). Age (B = −0.61, t = −3.64, p = 0.021), prescription metformin (B = −0.12, t = −1.04, p = 0.017), and FBG (B = −1.71, t = −3.42, p = 0.001) levels were protective factors for HPRL, whereas prescription olanzapine (B = 2.11, t = 1.05, p = 0.036) and risperidone (B = 7.21, t = 2.72, p = 0.007) were risk factors for HPRL (Table 3).


TABLE 3    Influencing factors of prolactin (PRL) levels in include patients with type 2 diabetes (T2DM): multiple linear regression model.
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3.4. Factors influencing PRL levels in clinical subgroups prescribed aripiprazole

In the clinical subgroup co-prescribed with aripiprazole, we constructed a multiple linear regression model again with PRL levels as the dependent variable and parameters associated with PRL levels as independent variables. Age (B = −0.95, t = −2.93, p = 0.014), prescription metformin (B = −0.11, t = −0.89, p = 0.015), FBG (B = −3.63, t = −3.71, p < 0.001) levels, and UA (B = −0.07, t = −3.18, p = 0.002) levels were protective factors for HPRL, whereas prescription risperidone (B = 2.32, t = 3.23, p = 0.032) were risk factors for HPRL (Table 4).


TABLE 4    Influencing factors of prolactin (PRL) levels in clinical subgroups prescribed aripiprazole: multiple linear regression model.
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4. Discussion

According to us, this may be the only study to date to clarify whether aripiprazole can reduce PRL levels in schizophrenia patients with co-T2DM. The main findings of this study were that co-prescribing aripiprazole not only had no clinical value in reducing PRL levels in the target population of our study but also increased the severity of metabolic disorders compared to the clinical subgroup without co-prescribing aripiprazole. Our secondary findings also include: (1) in the group of schizophrenic patients with co-T2DM, higher age, prescription metformin, and higher FBG levels were protective factors for HPRL, and prescription olanzapine and risperidone were risk factors for HPRL, but aripiprazole did not affect PRL levels. (2) In the subclinical group with co-prescribed aripiprazole, higher age, metformin dose, and higher FBG and UA levels were protective factors for HPRL, and risperidone dose was a risk factor for HPRL, but aripiprazole dose had also no effect on PRL levels.

There are many clinical studies on the effectiveness of aripiprazole in reducing antipsychotic-induced HPRL (23–25). In China, it is relatively uniform and widely accepted that co-prescribing aripiprazole at doses less than 5 mg is the most effective and optimal prescribing regimen (14, 26). However, one meta-analysis gave differing conclusions, such as Zhang et al. (27) who included 53 randomized controlled double-blind studies and found that either adjuvant less than 5 mg or greater than 10 mg of aripiprazole was the best regimen to control antipsychotic-induced HPRL. In contrast to the above reports, a study from India found that the percentage reduction in PRL levels did not correlate with the specific dose of aripiprazole (28). A multicenter, open-label, prospective study from Korea also reported that administration of the maximum dose of co-prescribed aripiprazole (30 mg/day) similarly achieved a reduction in antipsychotic-induced HPRL (29). These above studies may suggest that the PRL-sparing effect of aripiprazole may not be dependent on the dose of the drug. Although there is a wide range of opinions about which dose of aripiprazole is optimal for improving HPRL, the conclusion that aripiprazole can reduce antipsychotic-induced HPRL is relatively uniform and clear. Puzzlingly, our findings all differ from the above studies in that we found no actual clinical value of co-prescribing aripiprazole for lowering PRL levels in the schizophrenia group with co-morbid T2DM. We speculate that this may be related to the more specific study population we enrolled in or the narrower range of aripiprazole doses (10–20 mg/day) that the study population was prescribed.

As a basic and primary therapeutic agent for T2DM, metformin also unsurprisingly showed a large prescription rate for controlling patients’ blood glucose levels in the schizophrenia group included in our study, while its other significant pharmacological effect is its use for controlling antipsychotic-induced HPRL (14, 20, 27). There is similar controversy and uncertainty regarding the optimal dose of metformin for the treatment of antipsychotic-induced HPRL. The expert consensus from China and clinical studies from Poland both conclude that high doses of metformin (2.55–3.0 g/day) are effective in reducing antipsychotic-derived HPRL (14, 30), but this dose exceeds the maximum daily dose limit (maximum 2 g/day) given in the metformin instructions, which may introduce other metformin-derived adverse drug reactions and ethical issues, and therefore should not be used as a routine clinical treatment regimen. A meta-analysis reported that metformin doses below 1 g/day were also effective in reducing PRL levels in patients with HPRL induced by atypical antipsychotics (27). In our study, the conventional metformin dose (1–2 g/day) used to treat diabetes mellitus in schizophrenia with co-morbid T2DM also had the same function of lowering PRL levels and showed a negative dose-dependence of metformin dose and PRL levels. Whether the reason for this phenomenon is related to the co-prescription of aripiprazole, resulting in a dose shift of metformin to lower PRL levels, is a question that deserves further investigation. And whether aripiprazole is competing with metformin for the failure of targets that inhibit the synthesis and/or release of PRL and thus losing its function in reducing the utility of PRL levels is likewise a question that needs to be further answered.

In the present study, although the function of lowering PRL levels was lost, the co-prescription of aripiprazole exacerbated the severity of abnormal metabolic markers in the included patients, although aripiprazole is considered to be one of the antipsychotics with the least metabolic adverse effects (31–33). In contrast to the more common extrapyramidal adverse effects of first-generation antipsychotics, atypical antipsychotics exhibit more prominent abnormalities in metabolic indicators (34). A study from Hong Kong, China, reported that the combination of multiple antipsychotics increased the risk of abnormal metabolic parameters associated with cardiovascular disease in patients with schizophrenia spectrum disorders (35). Another study reported a higher incidence of metabolic syndrome and lipid markers of insulin resistance in patients receiving antipsychotic polypharmacy compared to those receiving antipsychotic monotherapy (36). In contrast to our study, the participants we included were co-prescribed aripiprazole, which is thought to have no or minimal effect on metabolic indices, and two studies even reported that adjunctive use of 5–20 mg/day of aripiprazole improved metabolic disturbances, while the original atypical antipsychotic dose was maintained (37–40). However, a review of systematic reviews concludes that this possible protective effect of aripiprazole needs to be further elaborated by more robust studies (41), because longer-term observations and studies have found that the severity of metabolic adverse effects of aripiprazole is not superior to that of antipsychotics such as risperidone and quetiapine (42, 43). This is consistent with the results of our study, which found that long-term hospitalized chronic schizophrenia patients co-prescribed with aripiprazole exhibited metabolic abnormalities of even worse severity.

In the secondary findings, we found that older age was a protective factor for HPRL, and one study also found that antipsychotic-derived high levels of PRL decline with age in patients with schizophrenia (44), which may be attributed to the fact that the gonads shrink with age. Higher FBG levels were also a protective factor for HPRL, which is inconsistent with previous findings (45), and in our opinion may be related to the more aggressive addition of glucose-lowering agents represented by metformin for those patients with poorly controlled blood glucose levels. Risperidone remained an important contributor to HPRL, which was the same as the previous findings (1). And higher UA levels were a protective factor for HPRL, which was consistent with our previous report (22).



5. Conclusion

In conclusion, aripiprazole not only worsened the severity of index disturbances associated to metabolism in long-term hospitalized chronic schizophrenia patients with co-T2DM on metformin-based hypoglycemic medications but also failed to lower PRL levels.
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