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Abstract  
 
Objective: Spironolactone (C24H32O4S), a potent mineralocorticoid receptor (MR) inhibitor, is a potassium-sparing 

diuretic that is traditionally used to treat fluid build-up in the body or for its anti-androgenic properties. This study is a 
double-blind, placebo-controlled, randomized clinical trial assessing the beneficial effects of spironolactone in addition to 
risperidone in improving negative symptoms of schizophrenia. 
Method: 40 patients with chronic schizophrenia, aged 18–60 years, were assigned to two groups: risperidone + 

spironolactone or risperidone + placebo. Risperidone was administered to both the spironolactone and placebo groups 
with a dose up to 6 mg/day throughout the trial. Spironolactone (C24H32O4S) was ordered 100 mg/day for the full 8-
week course of the study. Patients were rated on the Positive and Negative Syndrome Scale (PANSS) at four time 
points: baseline, weeks two, four, and eight. The PANSS negative subscale score was the main objective. 
Results: PANSS negative, positive, and total scores showed significantly greater improvements in the spironolactone 

relative to the placebo group from baseline to the trial endpoint (P (Cohen’s d): 0.004 (0.96), 0.007 (0.90), and 0.042 
(0.66), respectively). Similarly, ANOVA also presented significant time × treatment interaction effect for spironolactone on 
PANSS negative (F = 9.04; ηp2 = 0.19; df = 1.38; P = 0.002), positive (F = 3.43; ηp2 = 0.08; df = 2.72; P = 0.023), and 
total (F = 3.94; ηp2 = 0.09; df = 2.05; P = 0.022) scores. However, spironolactone did not cause significant decrease in 
the general psychiatric pathology score of PANSS. 
Conclusion: Our findings suggest the efficacy and safety of spironolactone as an adjunctive therapy to risperidone in 

improving the symptoms of schizophrenia. 
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Schizophrenia is a chronic and debilitating disorder 

that peaks in the third decade of life, leading to a range 

of emotional, job-related, and cognitive impairments (1). 

Although the clinical symptoms of schizophrenia are 

heterogeneous and divergent, negative symptoms, 

including social withdrawal, apathy, and lethargy are the 

most challenging manifestation of the disease and have 

received growing attention due to debilitating effects on 

patients’ everyday lives and suboptimal responses to 

current antipsychotic treatments (2, 3). Prevalence of 

negative symptoms in schizophrenia is estimated to be 

about 23 to 26% (4-6). Therapeutic effects of currently-

available antipsychotics for negative symptoms of 

schizophrenia are considerably limited (6, 7). Some of 

the negative symptoms are secondary to effects of 

positive symptoms (e.g., auditory hallucinations or 

delusions) of the disease, which improve after 

management of positive symptoms. However, primary 

negative symptoms of schizophrenia usually respond 

poorly to both first and second-generation 

antipsychotics. Thus, designing new treatment strategies 

for these negative symptoms is an absolute necessity. 

The underlying mechanisms of schizophrenia are under 

investigation; however, a robust bulk of evidence is 

accumulating that shows a close link between 

schizophrenia and impairments in the hypothalamic–

pituitary–adrenal axis (HPAA) (8-10). A recent 

systematic review in this regard demonstrated that 

patients could experience both hyper- and hypo-function 

of the HPAA, leading to impaired adaptation to stress 

stimuli (11). Spironolactone (C24H32O4S), a potent 

mineralocorticoid receptor (MR) inhibitor, is a 

potassium-sparing diuretic that is traditionally used to 

treat fluid build-up in the body or for its anti-androgenic 

properties. According to literature, it is possible that 

hyper-function of HPAA contributes to poor physical 

and mental health and premature mortality in patients 

with schizophrenia (11). Therefore, this 

mineralocorticoid might lead to improved clinical 

symptoms in patients with schizophrenia through 

mitigation of HPAA over-activity. 

Furthermore, in a recent study on mice with 

schizophrenia relevant endophenotypes (transgenic mice 

overexpressing neuregulin 1 (NRG1) type III with 

cortical receptor protein-tyrosine kinase ErbB-4 

(ERBB4) hyperphosphorylation), spironolactone 

treatment reduced hyperphosphorylation of activated 

ERBB4, leading to improved schizophrenic behavioral 

phenotypes, including decreased sensorimotor gating, 

impaired working memory, and hyperactivity (12).  

Despite preclinical evidence, the clinical utility of 

spironolactone for treatment of negative symptoms in 

schizophrenia remains to be investigated. In this study, 

we aimed to examine the beneficial effects and clinical 

safety of spironolactone as an adjunct to risperidone in 

regards to negative symptoms of schizophrenia.  

 

Materials and Methods 
 

Study design 

This was a double-blind, placebo-controlled, randomized 

clinical trial conducted on in-patients with schizophrenia 

at Roozbeh Hospital (Tehran University of Medical 

Sciences (TUMS), Tehran, Iran) and Imam Ali Hospital 

(Alborz University of Medical Sciences, Karaj, Iran) 

from November 2019 to July 2020. Prior to the study, 

written informed consent was obtained from patients and 

their legal guardian to enter the study. They were 

informed that at any time during the study and without 

the need to provide any reason and without any 

disruption in receiving routine services related to their 

disease, they could withdraw from the study. Patients 

were randomly divided into two parallel spironolactone 

and placebo groups and were assessed after the first 

week and then at weeks two, four and eight. The trial 

was conducted in agreement with the ethical principles 

mandated in the Declaration of Helsinki and its later 

amendments (13). Also, the ethics committee and 

institutional review board of TUMS approved the 

protocol for this study (IR.TUMS.VCR.REC.1398.540). 

This study is registered at the Iranian Registry of 

Clinical Trials (IRCT20090117001556N120).  
 

Participants 

Patients with schizophrenia according to the Diagnostic 

and Statistical Manual of Mental Disorders (DSM-5) 

criteria, which ranged in age from 18 to 60 years and 

met the inclusion criteria and had a minimum of 2 years 

of disease duration (defined as chronic schizophrenia) 

were studied (14). An experienced psychiatrist evaluated 

the diagnostic status and severity of the disease among 

patients (according to the Structured Clinical Interview 

for Diagnosis in conjunction with Statistical Manual-5 

Clinical Version; SCID-5-CV). The other inclusion 

criteria were a total score of at least 60 on PANSS 

accompanied by a score of ≥ 19 on the negative 

subscale. The exclusion criteria of the study were as 

follows: 1) a score of ≥ 14 on the 17-item Hamilton 

Depression Rating Scale (HDRS) and/or a score of ≥ 4 

on the PANSS depression item, 2) concurrent 

alcohol/substance dependence or positive history of 

dependence during the six months previous to start of 

this study, 3) intelligence quotient less than 70, 4) other 

mental disorders, 5) severe medical problem, 6) 

pregnancy/lactation, 7) female of childbearing age 

without sufficient contraception, 8) electroconvulsive 

therapy in the last six months, 9) drug- or insulin-

dependent diabetes, 10) hepatitis, 11) CHF, 12) 

neuroleptic use within the last seven days, and 13) long 

acting neuroleptic use within the last 30 days. 
 

Interventions 

Risperidone was ordered for both the spironolactone and 

the placebo groups. The starting daily dose of 

risperidone and its increasing weekly dose was 2 mg, 

which was increased to a maximum of 6 mg daily 

according to the clinical response. Spironolactone 
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(C24H32O4S) dosage was 100 mg per day for the eight-

week duration of the study. No other medication was 

allowed in this study. 
 

Outcomes and Tools 

PANSS was the assessment tool in this study. PANSS is 

comprised of 30 items categorized to three subscales 

evaluating negative (7 items), positive (7 items), and 

general psychopathological symptoms (16 items) (15). 

This rating scale is used in Farsi with acceptable 

reliability (Cronbach's alpha: 0.77) and validity (16, 17). 

Subjects were rated with PANSS at the baseline session 

and at weeks two, four, and eight. The raters were 

experienced clinicians with an inter-reliability of 90% on 

PANSS. The PANSS negative score was the main 

objective of the trial, while positive, general 

psychopathological and total scores of PANSS 

comprised the secondary outcome measures. 
 

Side effects 

Side effects were assessed by a clinician or checked by 

family during the study. Participants were educated to 

report any unexpected medication side effects through a 

24-hour hotline. Moreover, open-ended questions about 

medication side effects were also asked at each visit by 

an experienced psychiatrist. Adverse events checklist 

was used to record the adverse events (18). The ESRS 

was also utilized to record extrapyramidal symptoms 

(19).  
 

Sample Size 

We considered a three-score variation in PANSS 

negative subscale score with a SD of three assumed for 

sample size calculation. The total sample size of the trial 

was 40 patients while assuming a power of 80%, a two-

sided significance level of 5%, and a 20% drop out rate. 
 

Randomization and Blinding 

Patients were randomly divided into two equally 

distributed groups consisting of spironolactone and 

placebo. The allocation and randomization were carried 

out using block randomization by the PI, who was not 

engaged in diagnosis and follow-up. The allocations 

were retained in confidential opaque envelopes and were 

exposed at the end of the trial. Randomizations, 

allocations, drug administration, scoring, data entry, and 

statistics were conducted by separate individuals. 
 

Statistical Methods 

Categorical variables are demonstrated as frequency 

(percentage) and continuous variables are displayed as 

mean (standard deviation). Student t-test (two-tailed) 

was used to compare mean change in PANSS scores 

from baseline to the study endpoint between 

spironolactone and placebo groups and Cohen’s d effect 

sizes were reported (20). The categorical variables, 

including the nominal and ordinal demographic features 

and number of adverse events, and the Chi-square test or 

Fisher’s exact test was used to compare the frequency 

between the two study groups. The general linear model 

(GLM) repeated-measures analysis was applied to 

investigate time, treatment, and time × treatment effects 

for PANSS between the two groups, considering the 

study groups (spironolactone or placebo) as the between-

subject factor and the study outcomes at baseline and 

follow-up sessions as the within-subject variable (time). 

Effect sizes were reported as partial eta squared (ηp2) 

(21). P-value of < 0.05 was designated as statistically 

significant. 

 

Results 
 

Participants and Baseline/Clinical Characteristics  
Among 85 subjects with schizophrenia who were 

screened for the inclusion and exclusion criteria, 46 

subjects were enrolled and randomly allocated to two 

groups of risperidone + spironolactone or risperidone + 

placebo in a 1:1 ratio (Figure 1). Six subjects (three in 

each trial group) were excluded before week two due to 

consent withdrawal. Eventually, 40 patients with 

schizophrenia ended the eight-week course of the trial. 

The baseline characteristics of the patients are presented 

in Table 1. The participants in spironolactone and 

placebo groups were comparable based on age, sex, 

disease duration, education, marital status, occupation, 

smoking, substance abuse, and admission history. 

Moreover, there was no significant difference between 

the two study groups based on baseline PANSS scores 

(Table 1).  
 

Outcomes 

PANSS scores of spironolactone and placebo groups at 

the beginning of the study and three follow-up visits are 

shown in Table 2. Moreover, the results of GLM 

repeated-measure analysis for all study outcomes are 

detailed in Table 3. Patients in both the spironolactone 

and the placebo group demonstrated remarkable 

improvements in all PANSS scores from the starting 

point to the end of study (effect of time: P < 0.001 for all 

study outcomes), indicating therapeutic effect of 

risperidone in both groups. 
 

PANSS 

PANSS negative subscale score 

Results from the independent t-test demonstrated 

remarkably greater decline in PANSS negative subscale 

scores in the spironolactone group relative to the placebo 

group from baseline to all follow-up visits (t = 2.14, df = 

38, P = 0.039 (Cohen’s d = 0.67) for week two; t = 3.38, 

df = 38, P = 0.002 (Cohen’s d = 1.07), for week four; 

and t = 3.08, df = 38, P = 0.004 (Cohen’s d = 0.96), for 

week eight) (Table 2 and Figure 2a). Accordingly, GLM 

repeated-measures analysis found significant time × 

treatment effect for spironolactone on the PANSS 

negative subscale score (F = 9.04; ηp2 = 0.19; df = 1.38; 

P = 0.002) (Table 3).  
 

PANSS positive subscale score 

From screening to week four and eight, the PANSS 

positive subscale score showed significantly greater 

decrease in the spironolactone group compared to the 

placebo group (t = 2.18, df = 38, P = 0.035 (Cohen’s d = 

0.69) for week four and t = 2.86, df = 38, P = 0.007 
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(Cohen’s d = 0.90) for week eight) (Table 2 and Figure 

2b). However, no remarkable between-group difference 

was found in mean PANSS positive subscale change 

score from baseline to week two (t = 1.48, df = 38, P = 

0.146). Moreover, significant time × treatment 

interaction effect was observed for spironolactone on the 

PANSS positive score (F = 3.43; ηp2 = 0.08; df = 2.72; 

P = 0.023) (Table 3).  
 

PANSS general psychopathology subscale score  

In contrast to positive and negative subscale scores of 

PANSS, we found no significant between-group 

difference in mean PANSS general psychopathology 

subscale change score from baseline to any post-baseline 

visits (t = 0.18, df = 38, P = 0.986 for week two; t = 

0.64, df = 38, P = 526 for week four; and t = 0.58, df = 

38, P = 562 for week eight) (Table 2 and Figure 2c). In 

agreement, no significant time × treatment interaction 

effect was found for spironolactone on PANSS general 

psychopathology subscale score (F = 0.308; ηp2 = 

0.008; df = 2.28; P = 0.764) (Table 3).  
 

PANSS total score 

As depicted in Figure 2d, from the baseline to week four 

and eight, PANSS total score exhibited significantly 

superior improvement in the spironolactone group 

relative to the placebo group (t = 2.91, df = 38, P = 0.006 

(Cohen’s d = 0.92) for week four and t = 2.10, df = 38, P 

= 0.042 (Cohen’s d = 0.66) for week eight) (Table 2). 

There was no remarkable difference between the two 

groups in PANSS total change score from the start of the 

study to week two (t = 1.12, df = 38, P = 0.269). 

Moreover, GLM ANOVA demonstrated significant time 

× treatment interaction effect for spironolactone on the 

PANSS total score (F = 3.94; ηp2 = 0.09; df = 2.05; P = 

0.022) (Table 3).  
 

Clinical Complications and Side Effects 

There were no severe side effects, and no one was 

excluded for this reason. Seven adverse events were 

identified. Stomach pain (15%), nausea (15%), dizziness 

(15%), and dry mouth (15%) were the most prevalent 

adverse events observed in the spironolactone group, and 

stomach pain (20%) and nausea (20%) were the most 

common complaints in the placebo group. However, no 

significant difference was found in the frequency of side 

effects between the two groups (Table 4). Moreover, no 

significant between-group difference was found with 

respect to extrapyramidal symptoms. 

 

Table 1. Comparison of Two Groups of Participants in Terms of Demographic Features Using 
Independent t-Test 

 

 
Spironolactone arm 

 (n = 20) 
Placebo arm 

 (n = 20) 
P-value 

Age [years; mean (SD)] 38.00 (9.25) 40.00 (8.46) 0.480a 

Sex [n (%)]   0.999b 

 Male 12 (60%) 11 (55%)  

 Female 8 (40%) 9 (45%)  

Disease duration [years; mean (SD)] 9.25 (4.05) 9.60 (3.69) 0.777a 

Education   0.794b 

 Illiterate 4 (20%) 4 (20%)  

 Primary school 9 (45%) 10 (50%)  

 Diploma 4 (20%) 4 (20%)  

 Bachelor’s 1 (5%) 2 (10%)  

 Master’s 1 (5%) 0 (0%)  

 Doctorate 1 (5%) 0 (0%)  

Marital status   0.319b 

 Single 12 (60%) 8 (40%)  

 Married 3 (15%) 7 (35%)  

 Widow 0 (0%) 1 (5%)  

 Divorce 5 (25%) 4 (20%)  

Occupation   0.298b 

 Unemployed 7 (35%) 9 (45%)  

 Housewife 6 (30%) 3 (15%)  

 Worker 3 (15%) 5 (25%)  

 Employee 2 (10%) 0 (0%)  

 Businessman 2 (10%) 1 (5%)  
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 Retired 0 (0%) 2 (10%)  

Smoking [yes (%)] 9 (45%) 13 (65%) 0.341b 

Substance abuse [yes (%)] 6 (30%) 7 (35%) 0.999b 

Admission history [yes (%)] 17 (85%) 20 (100%) 0.231b 

Baseline PANSS negative subscale score [mean (SD)] 24.95 (5.39) 25.45 (5.58) 0.775a 

Baseline PANSS positive subscale score [mean (SD)] 34.00 (4.89) 35.60 (2.68) 0.210a 

Baseline PANSS general psychopathology subscale score [mean (SD)] 42.95 (6.65) 40.90 (9.65) 0.439a 

Baseline PANSS total score [mean (SD)] 101.90 (8.16) 101.95 (10.91) 0.997a 
 

P-value of < 0.05 was designated statistically significant. 
SD: standard deviation 
a Student T-test 
b Chi-square test  

 
 

Table 2. Comparison of Positive and Negative Syndrome Scale (PANSS) between Two Groups 
Participating in the Study Based on Cohen’s d 

 

 
 

Spironolactone 
arm (n = 20) 

Placebo arm 
(n = 20) 

P-value 
(Cohen’s d) 

PANSS negative 
subscale score 

Baseline 24.95 (5.39) 25.45 (5.58) 0.775 

Week 2 17.80 (3.42) 20.60 (4.29) 0.028 (0.72) 

Week 4 13.85 (2.27) 19.05 (3.85) <0.001 (1.64) 

Week 8 11.50 (2.92) 16.90 (3.64) <0.001 (1.63) 

Change score from baseline to Week 2 7.15 (3.74) 4.85 (3.01) 0.039 (0.67) 

Change score from baseline to Week 4 11.10 (5.06) 6.40 (3.58) 0.002 (1.07) 

Change score from baseline to Week 8 13.45 (5.42) 8.55 (4.74) 0.004 (0.96) 

PANSS positive 
subscale score 

Baseline 34.00 (4.89) 35.60 (2.68) 0.210 

Week 2 28.35 (4.71) 31.75 (3.17) 0.011 (0.84) 

Week 4 23.10 (4.17) 27.70 (3.68) 0.001 (1.16) 

Week 8 20.20 (3.01) 25.45 (4.18) <0.001 (1.44) 

Change score from baseline to Week 2 5.65 (4.38) 3.85 (3.19) 0.146 

Change score from baseline to Week 4 10.90 (5.07) 7.90 (3.46) 0.035 (0.69) 

Change score from baseline to Week 8 13.80 (4.21) 10.15 (3.84) 0.007 (0.90) 

PANSS general 
psychopathology 
subscale score 

Baseline 42.95 (6.65) 40.90 (9.65) 0.439 

Week 2 32.40 (7.50) 30.40 (9.19) 0.455 

Week 4 25.70 (7.84) 25.45 (7.02) 0.916 

Week 8 20.95 (8.55) 21.25 (11.65) 0.927 

Change score from baseline to Week 2 10.55 (9.40) 10.50 (8.03) 0.986 

Change score from baseline to Week 4 17.25 (8.00) 15.45 (9.69) 0.526 

 Change score from baseline to Week 8 22.00 (10.38) 19.65 (14.67) 0.562 

PANSS total score 

Baseline 101.90 (8.16) 101.95 (10.91) 0.997 

Week 2 78.55 (8.55) 82.75 (10.30) 0.169 

Week 4 62.65 (6.43) 72.25 (8.42) <0.001 (1.28) 

Week 8 54.40 (9.21) 63.60 (11.13) 0.007 (0.90) 

Change score from baseline to Week 2 23.35 (12.77) 19.20 (10.52) 0.269 

Change score from baseline to Week 4 39.25 (10.03) 29.70 (10.66) 0.006 (0.92) 

Change score from baseline to Week 8 47.50 (13.37) 38.35 (14.06) 0.042 (0.66) 
 

P-value of < 0.05 was desiganted statistically significant; Data are shown as mean (standard deviation). 
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Table 3. General Linear Model Repeated-Measures Analysis Information Related to Positive and 
Negative Syndrome Scale about Study Participants 

 

 

Factors 

Time Treatment Time × Treatment 

F ηp
2 F ηp

2 F ηp
2 

PANSS negative subscale 153.40*** 0.80 9.95** 0.20 9.04** 0.19 

PANSS positive subscale 149.16*** 0.79 14.44 0.27** 3.43* 0.08 

PANSS general psychopathology subscale 68.69*** 0.64 0.025 0.007 0.308 0.008 

Baseline PANSS total score 268.97*** 0.87 7.09* 0.15 3.94* 0.09 
 

*** P-value < 0.001, ** P-value < 0.01, * P-value < 0.05 

 
 

Table 4. Frequency of Adverse Events in the Study Population 
 

Side effect Spironolactone group (n = 20) Placebo group (n = 20) P-values 

Drowsiness, n (%) 2 (10%) 3 (15%) 1.000 

Stomach Pain, n (%) 3 (15%) 4 (20%) 1.000 

Nausea, n (%) 3 (15%) 4 (20%) 1.000 

Vomiting, n (%) 2 (10%) 3 (15%) 1.000 

Headache, n (%) 2 (10%) 3 (15%) 1.000 

Dizziness, n (%) 3 (15%) 3 (15%) 1.000 

Dry Mouth, n (%) 3 (15%) 3 (15%) 1.000 
 

P-value of < 0.05 was designated statistically significant. 
* Fisher's exact test was applied for comparison of all adverse events. 

 
 

 
 

Figure 1. CONSORT Flow Diagram for Study Participants 
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Figure 2. Comparison of PANSS Subscale Scores [Mean (Standard Error)] between the Spironolactone 
and Placebo Groups. a) PANSS Negative Subscale Score. b) PANSS Positive Subscale Score. c) PANSS 

General Psychopathology Subscale Score. d) PANSS Total Score 

 

Discussion 
This investigation was the first RCT assessing the 

beneficial effects of spironolactone as an adjunct to 

risperidone in improving negative symptoms of 

schizophrenia. In this regard, PANSS negative scores 

were determined as the primary outcome measures, and 

PANSS positive, general psychopathology, and total 

scores were considered as the secondary outcome 

measures. We demonstrated that adjuvant pharmacotherapy 

with spironolactone leads to remarkable reductions in all 

PANSS subscale scores (including negative, positive, and 

total scores) except for the general psychopathology 

subscale. In addition, there was no difference between 

the two groups in terms of frequency of side effects. 

Thus, our study suggests spironolactone as a potential 

beneficial adjunct pharmacotherapy to diminish negative 

symptoms in patients with schizophrenia. However, our 

findings need to be verified by larger controlled studies. 

Of note, it should be mentioned that both the 

spironolactone and the placebo groups had significant 

improvements in all PANSS subscale scores over the 

course of the trial, confirming the therapeutic effect of 

risperidone in ameliorating cognitive, negative, and 

positive symptoms of schizophrenia. However, the effect 

sizes for improvements in our study (both for risperidone 

plus spironolactone and risperidone plus placebo) were 

larger than previous typical trials of risperidone (22).  

The beneficial effects of spironolactone on 

schizophrenia's negative symptoms might be due to 

several underlying mechanisms that are involved in 
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pathophysiology of schizophrenia. In this context, both 

NRG1, a membrane-bound ligand, and its receptor 

(ERBB4) were reported to be potential risk genes for 

schizophrenia (23). Furthermore, studies have shown an 

increased expression of NRG1 in post-mortem brain 

samples of schizophrenia patients, further supporting 

involvement of the NRG1-ERBB4 signaling pathway in 

pathogenesis of schizophrenia (24, 25). In agreement, 

studies on murine models overexpressing NRG1 have 

demonstrated schizophrenia-like behaviors such as 

reduced social interaction, increased hyperactivity, and 

cognitive impairments (26-29). Of note, it was exhibited 

that reversion of NRG1-overexpression led to 

improvement of schizophrenia-like behaviors (30) and 

was accompanied by re-establishing normal 

glutamatergic synaptic functioning (30, 31). Based on 

this evidence, a preclinical study used a drug 

repurposing strategy to find agents that can improve 

schizophrenia-like behaviors in an Nrg1 transgenic 

mouse model (12). Using a cell-based assay, NIH-NCC 

compound library of drugs for chemical modulators that 

induce alterations in activity of NRG1-ERBB4 signaling 

were screened, and spironolactone, an MR antagonist, 

was identified as an inhibitor of ERBB4 activity. They 

further demonstrated that spironolactone decreased 

phosphorylation levels of ERBB4 and enhanced 

inhibitory neurotransmission both in vitro and in vivo. 

Finally, chronic treatment of Nrg1 transgenic mice with 

spironolactone led to improvements in both positive 

symptoms and working memory (12).  

Spironolactone is a potent inhibitor of MR, one of the 

main receptors for glucocorticoids. Over the past decade, 

a robust bulk of evidence has substantiated the role of 

HPAA in schizophrenia and other psychoses (32, 33). In 

this regard, studies demonstrated that cortisol and 

adrenocorticotropic hormones, markers of HPAA 

activity, are elevated in patients with non-medicated and 

first-episode schizophrenia (34-36). Conventional 

antipsychotics are typically associated with decreased 

levels of cortisol, especially in drug responders (33). 

Studies have also shown that psychosis is associated 

with down-regulated levels of glucocorticoid receptors, 

indicating impaired negative feedback on HPAA (33). 

Consistently, cortisol levels were positively related to 

severity of symptoms in psychotic patients (37). This 

evidence suggests that inhibition of HPAA activity by 

spironolactone may be the main reason for the beneficial 

effects of spironolactone on adverse symptoms in our 

trial. In this trial, no difference was observed in the 

frequency and severity of adverse events between 

spironolactone and placebo groups. 

 

Limitation 
One of the limitations of this trial was a relatively small 

population. Moreover, the eight-week course of the trial 

might not show the long-term beneficial efficacy and 

adverse events of spironolactone. Thus, our findings 

need to be verified by multi-centered long-term trials. In 

addition, this mineralocorticoid may increase blood 

pressure (BP) and we did not measure BP. The results of 

our trial are restricted to adjunctive therapy with 

spironolactone, and no conclusion could be drawn 

regarding spironolactone monotherapy from this study. 

More importantly, since the study was conducted in 

participants having both positive and negative symptoms 

during acute phase of psychosis, one might ask whether 

only those schizophrenia negative symptoms that were 

secondary to positive symptoms were decreased or 

spironolactone improved both primary and secondary 

negative symptoms. We tried to control for the 

confounding effects of positive symptoms using the 

following: a) both trial groups had comparable positive 

symptoms at the start of the trial, b) we excluded 

patients with depression and extrapyramidal symptoms, 

c) we assessed correlation between any decline in 

negative and positive symptoms and found no significant 

correlation, demonstrating that effect of spironolactone 

on negative symptoms was independent of positive 

symptoms, and d) finally, after eight weeks of treatment 

(when the positive and secondary negative symptoms 

were suppressed), patients receiving spironolactone had 

better negative symptoms, confirming beneficial 

spironolactone effect on primary negative symptoms of 

schizophrenia. Nevertheless, the adjuvant nature of our 

study may have also accentuated generalizability of our 

results since optimal treatment of negative symptoms, 

both primary and secondary, is vital because they are 

correlated with poor outcome and long-term disability. 

Identification of the most appropriate dose of 

spironolactone and understanding the main target of 

spironolactone through functional neuroimaging can be 

effective in this regard. 

 

Conclusion 
In summary, negative symptoms of schizophrenia do not 

respond optimally to current antipsychotics, thus, 

necessitating presentation of new therapeutic approaches. 

Preclinical evidence suggests that spironolactone can 

ameliorate schizophrenic-like behavior. In the present RCT, 

we assessed the therapeutic effects of adjunctive treatment 

with spironolactone on negative symptoms of schizophrenia. 

We demonstrated that adding spironolactone to risperidone 

leads to significant reduction in PANSS negative, positive 

and total scores. 

 

Acknowledgment 
We express our gratitude to all participants in this study. 

 

Conflict of Interest 
None. 
 

 

 

 



Zandifar, Badrfam, Sanjari Moghaddam, et al. 

  Iranian J Psychiatry 17: 1, January 2022 ijps.tums.ac.ir 22 

References 
 

1. Richard MD, Brahm NC. Schizophrenia and the 
immune system: pathophysiology, prevention, 
and treatment. Am J Health Syst Pharm. 
2012;69(9):757-66. 

2. Bowie CR, Harvey PD. Cognitive deficits and 
functional outcome in schizophrenia. 
Neuropsychiatr Dis Treat. 2006;2(4):531-6. 

3. Correll CU, Schooler NR. Negative Symptoms 
in Schizophrenia: A Review and Clinical Guide 
for Recognition, Assessment, and Treatment. 
Neuropsychiatr Dis Treat. 2020;16:519-34. 

4. Bowie CR, Harvey PD. Cognition in 
schizophrenia: impairments, determinants, and 
functional importance. Psychiatr Clin North Am. 
2005;28(3):613-33, 26. 

5. Chue P, Lalonde JK. Addressing the unmet 
needs of patients with persistent negative 
symptoms of schizophrenia: emerging 
pharmacological treatment options. 
Neuropsychiatr Dis Treat. 2014;10:777-89. 

6. Jones PB, Barnes TR, Davies L, Dunn G, Lloyd 
H, Hayhurst KP, et al. Randomized controlled 
trial of the effect on Quality of Life of second- vs 
first-generation antipsychotic drugs in 
schizophrenia: Cost Utility of the Latest 
Antipsychotic Drugs in Schizophrenia Study 
(CUtLASS 1). Arch Gen Psychiatry. 
2006;63(10):1079-87. 

7. Jann MW. Implications for atypical 
antipsychotics in the treatment of schizophrenia: 
neurocognition effects and a neuroprotective 
hypothesis. Pharmacotherapy. 
2004;24(12):1759-83. 

8. Khandaker GM, Cousins L, Deakin J, Lennox 
BR, Yolken R, Jones PB. Inflammation and 
immunity in schizophrenia: implications for 
pathophysiology and treatment. Lancet 
Psychiatry. 2015;2(3):258-70. 

9. Chan HY, Chang CJ, Chiang SC, Chen JJ, 
Chen CH, Sun HJ, et al. A randomised 
controlled study of risperidone and olanzapine 
for schizophrenic patients with neuroleptic-
induced acute dystonia or parkinsonism. J 
Psychopharmacol. 2010;24(1):91-8. 

10. Flatow J, Buckley P, Miller BJ. Meta-analysis of 
oxidative stress in schizophrenia. Biol 
Psychiatry. 2013;74(6):400-9. 

11. Bradley AJ, Dinan TG. A systematic review of 
hypothalamic-pituitary-adrenal axis function in 
schizophrenia: implications for mortality. J 
Psychopharmacol. 2010;24(4 Suppl):91-118. 

12. Wehr MC, Hinrichs W, Brzózka MM, 
Unterbarnscheidt T, Herholt A, Wintgens JP, et 
al. Spironolactone is an antagonist of NRG1-
ERBB4 signaling and schizophrenia-relevant 
endophenotypes in mice. EMBO Mol Med. 
2017;9(10):1448-62. 

13. Carlson RV, Boyd KM, Webb DJ. The revision 
of the Declaration of Helsinki: past, present and 
future. Br J Clin Pharmacol. 2004;57(6):695-
713. 

14. Association AP. Diagnostic and Statistical 
Manual of Mental Disorders 5th edition: DSM 5. 

Arlington VA: American Psychiatric 
Association2013. 

15. Kay SR, Fiszbein A, Opler LA. The positive and 
negative syndrome scale (PANSS) for 
schizophrenia. Schizophr Bull. 1987;13(2):261-
76. 

16. ABOLGHASEMI A. THE RELATIONSHIP OF 
META-COGNITIVE BELIEFS WITH POSITIVE 
AND NEGATIVE SYMPTOMS IN THE 
SCHIZOPHRENIA PATIENTS (In Persian).J 
Clin Psychol Pers. 2007;5(2),1-10. 

17. Ghamari-Givi H, Molavi P, Heshmati R. 
Exploration of the Factor Structure of Positive 
and Negative Syndrome Scale in Schizophrenia 
Spectrum Disorders (In Persian). J Clin Psychol. 
2010;2(2):1-10. 

18. Khalaj M, Saghazadeh A, Shirazi E, Shalbafan 
MR, Alavi K, Shooshtari MH, et al. 
Palmitoylethanolamide as adjunctive therapy for 
autism: Efficacy and safety results from a 
randomized controlled trial. J Psychiatr Res. 
2018;103:104-11. 

19. Chouinard G, Margolese HC. Manual for the 
Extrapyramidal Symptom Rating Scale (ESRS). 
Schizophr Res. 2005;76(2-3):247-65. 

20. Becker BJ. Synthesizing standardized mean-
change measures. Math Statistic 
Psycho.1988;41(2):257-78. 

21. Jasbi M, Sadeghi Bahmani D, Karami G, 
Omidbeygi M, Peyravi M, Panahi A, et al. 
Influence of adjuvant mindfulness-based 
cognitive therapy (MBCT) on symptoms of post-
traumatic stress disorder (PTSD) in veterans - 
results from a randomized control study. Cogn 
Behav Ther. 2018;47(5):431-46. 

22. Rattehalli RD, Zhao S, Li BG, Jayaram MB, Xia 
J, Sampson S. Risperidone versus placebo for 
schizophrenia. Cochrane Database Syst Rev. 
2016;12(12):Cd006918. 

23. Harrison PJ, Law AJ. Neuregulin 1 and 
schizophrenia: genetics, gene expression, and 
neurobiology. Biol Psychiatry. 2006;60(2):132-
40. 

24. Law AJ, Lipska BK, Weickert CS, Hyde TM, 
Straub RE, Hashimoto R, et al. Neuregulin 1 
transcripts are differentially expressed in 
schizophrenia and regulated by 5' SNPs 
associated with the disease. Proc Natl Acad Sci 
U S A. 2006;103(17):6747-52. 

25. Weickert CS, Tiwari Y, Schofield PR, Mowry BJ, 
Fullerton JM. Schizophrenia-associated HapICE 
haplotype is associated with increased NRG1 
type III expression and high nucleotide diversity. 
Transl Psychiatry. 2012;2(4):e104. 

26. Agarwal A, Zhang M, Trembak-Duff I, 
Unterbarnscheidt T, Radyushkin K, Dibaj P, et 
al. Dysregulated expression of neuregulin-1 by 
cortical pyramidal neurons disrupts synaptic 
plasticity. Cell Rep. 2014;8(4):1130-45. 

27. Deakin IH, Law AJ, Oliver PL, Schwab MH, 
Nave KA, Harrison PJ, et al. Behavioural 
characterization of neuregulin 1 type I 
overexpressing transgenic mice. Neuroreport. 
2009;20(17):1523-8. 



Spironolactone for Negative Symptoms of Schizophrenia 

 Iranian J Psychiatry 17: 1, January 2022 ijps.tums.ac.ir 23 

28. Deakin IH, Nissen W, Law AJ, Lane T, Kanso R, 
Schwab MH, et al. Transgenic overexpression 
of the type I isoform of neuregulin 1 affects 
working memory and hippocampal oscillations 
but not long-term potentiation. Cereb Cortex. 
2012;22(7):1520-9. 

29. Kato T, Kasai A, Mizuno M, Fengyi L, Shintani 
N, Maeda S, et al. Phenotypic characterization 
of transgenic mice overexpressing neuregulin-1. 
PLoS One. 2010;5(12):e14185. 

30. Yin DM, Chen YJ, Lu YS, Bean JC, 
Sathyamurthy A, Shen C, et al. Reversal of 
behavioral deficits and synaptic dysfunction in 
mice overexpressing neuregulin 1. Neuron. 
2013;78(4):644-57. 

31. Marín O, Rico B. A new beginning for a broken 
mind: balancing neuregulin 1 reverses synaptic 
dysfunction. Neuron. 2013;78(4):577-9. 

32. Walker EF, Trotman HD, Pearce BD, Addington 
J, Cadenhead KS, Cornblatt BA, et al. Cortisol 
levels and risk for psychosis: initial findings from 
the North American prodrome longitudinal 
study. Biol Psychiatry. 2013;74(6):410-7. 

33. Walker E, Mittal V, Tessner K. Stress and the 
hypothalamic pituitary adrenal axis in the 
developmental course of schizophrenia. Annu 
Rev Clin Psychol. 2008;4:189-216. 

34. Guest PC, Schwarz E, Krishnamurthy D, Harris 
LW, Leweke FM, Rothermundt M, et al. Altered 
levels of circulating insulin and other 
neuroendocrine hormones associated with the 
onset of schizophrenia. 
Psychoneuroendocrinology. 2011;36(7):1092-6. 

35. Mondelli V, Dazzan P, Hepgul N, Di Forti M, 
Aas M, D'Albenzio A, et al. Abnormal cortisol 
levels during the day and cortisol awakening 
response in first-episode psychosis: the role of 
stress and of antipsychotic treatment. Schizophr 
Res. 2010;116(2-3):234-42. 

36. Steen NE, Tesli M, Kähler AK, Methlie P, Hope 
S, Barrett EA, et al. SRD5A2 is associated with 
increased cortisol metabolism in schizophrenia 
spectrum disorders. Prog 
Neuropsychopharmacol Biol Psychiatry. 
2010;34(8):1500-6. 

37. Belvederi Murri M, Pariante CM, Dazzan P, 
Hepgul N, Papadopoulos AS, Zunszain P, et al. 
Hypothalamic-pituitary-adrenal axis and clinical 
symptoms in first-episode psychosis. 
Psychoneuroendocrinology. 2012;37(5):629-44. 
 

 
 
 
 

 

 

 

 

 

 

 
 

 


