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eAppendix 1. Methods 
Study Population 

The study was originally planned to be performed in Romania and the Republic of Moldova, with competitive recruitment, 

was registered on the Eudra website and was assigned a EudraCT number: 2014-005511-16. However, approval by the 

Romanian regulatory authorities was substantially delayed because they had a number of queries, all of which were 

addressed by the Sponsor/CRO.   By the time the Romanian regulatory authorities were eventually satisfied with the 

proposed changes, recruitment in Moldova was finished, hence the Romanian sites did not participate in the trial and the 

Eudra registration could not be used, because Moldova is not an EU country. The correspondence with the respective 

regulatory authorities is available with the editorial office.  In order for readers to read the protocol, we have, retro-actively, 

registered it on clinicaltrials.gov: 

https://clinicaltrials.gov/ct2/show/NCT03848234?term=03848234&rank=1 

Two hundred women, either inpatients (≥3 days after admission) or outpatients were recruited from the Psychiatric Hospital 

of Chisinau in the Republic of Moldova between December 2015 and July 2016. Inclusion criteria were identical to the 

Kulkarni et al. study7, and required that participants: (1) meet DSM-V-criteria for schizophrenia or schizoaffective disorder, 

(2) be 18-45 years old, and not menopausal as assessed by asking patients if they were menstruating (3) were  receiving an 

antipsychotic drug for at least 2 weeks prior to the baseline visit at doses within the PORT criteria, (4) have a total PANSS 

score of 60 or above, and a PANSS Positive Scale score of 15 or above, a PANSS Negative Scale score of 15 or above, or 

both (5) be willing and able to provide informed consent.   

 

Women who were pregnant, breast-feeding or menopausal were excluded from the study. Additional exclusion criteria 

included: (1) patients treated with oral estrogen or contraceptives containing estradiol, (2) women who had known severe 

abnormalities in the hypothalamo-pituitary gonadal axis, thyroid disorders, or other conditions with contraindication for 

estrogen use, (3) history of endometrial, breast, or uterine cancer. Patients were not screened for BRCA gene mutation or 

family history of breast cancer (4) allergy or sensitivity to estradiol, (5)schizoaffective disorder in the manic phase, (6) risk 

for suicide, (7) patients with substance or alcohol abuse diagnosis, or concurrent delirium, mental retardation, drug-induced 

psychosis or history of a clinically significant brain trauma. 

 

The university affiliated hospital where the study was performed is located in the capital city of Moldova, Chisinau. The 

hospital has 1200 beds for both acute and chronic patients, with average stay of 30 days per patient. The study received 

approval from the local institutional review board and from the Competent Authority of the Ministry of Health of the 

Republic of Moldova. The sample size calculation was based on the results of Kulkarni et al.7, which reported an effect size 

of 0.44 for positive symptoms, mandating 84 patients per group with a power of 80% to detect a difference significant at 

the 0.05 level. We assumed that up to 16% of participants would drop out, hence recruited 100 participants in each group. 

Symptoms were assessed at predetermined visits including screening, baseline, and weeks 1, 2, 4 and 8. On weeks 3, 5, and 

7 patients were contacted via phone in order to assess medication adherence and adverse events.  

 

The a-priori defined primary outcome measure was the PANSS Positive subscale score8. Secondary outcome measures 

included total PANSS, PANSS negative and general psychopathology subscale scores, the Clinical Global Impression 

Scale-Severity (CGI-S) and Clinical Global Impression Scale-Improvement (CGI-I)9, as well as the Brief Assessment of 

Cognition in Schizophrenia (BACS)10, and the Montgomery Depression Scale (MADRS)11.  Rates of discontinuation were 

also assessed. Structured assessments of side effects were performed using the Simpson-Angus Scale12 and the Udvalg for 

Kliniske Undersogelser (UKU) Side Effect Rating scale13. 

 

Levels of 17β-Estradiol (E2), progesterone, LH, FSH and prolactin were measured by a chemiluminiscent immunometric 

method (Immulite 2000, Siemens Healthcare Diagnostics, Inc. Tarrytown, NY, USA) at the baseline and end of study 

visits. The analytical sensitivity was 55 pmol/L for E2, 0.64 nmol/L for progesterone, 0.05 IU/L for LH, 0.1 IU/L for FSH 

and 0.5 µg/L for prolactin. The inter-assay CV range was 4.5-12.4% for E2, 6.2-20% for progesterone, 3.0-4.5% for LH, 

4.6-7.5% for FSH, and 3.2-4.3% for prolactin. 

 

Three outliers with estradiol values that were orders of magnitude above the laboratory norms were removed.  Participants 

were classified into menstrual cycle phase categories based on reference levels of estradiol, progesterone, FSH and LH.  

This was done independently by co-authors AB and JD, differences being resolved by discussion.   

 

Study medication, randomization and blinding 

Study medication and placebo patches were purchased and packaged by Sharp (http://www.sharpservices.com/our-

facilities/sharp-clinical-services-wales/). All study medications (active and placebo) were prepared using the same 

tel:2014-005511-16
https://clinicaltrials.gov/ct2/show/NCT03848234?term=03848234&rank=1
http://www.sharpservices.com/our-facilities/sharp-clinical-services-wales/
http://www.sharpservices.com/our-facilities/sharp-clinical-services-wales/
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manufacturing process to ensure identical appearance, shape, smell, and mass. Study medication was prescribed to be 

applied to the skin and was dispensed by the investigator on clinic visits. 

 

Participants were randomized to receive either 200 µg estradiol patches, changed twice weekly, or matching placebo 

patches, for a period of 8 weeks. In order to ensure investigator and participant blinding, all study medications were packed 

in identical numbered packages and centrally randomized by Sharp Clinical Services using a computer-generated list of 

randomized numbers with a 1:1 (estradiol: placebo) allocation using block sizes of 4. Each woman received the patches 

identified by a corresponding number, but the randomization code was held centrally, and was not available to any person 

involved in the conduct or evaluation of the study before the study database was unlocked. 

 

Patients were asked to bring their used and unused patches to each clinical visit, and compliance was monitored by 

counting the patches. Compliance to antipsychotics was not assessed. Patients taking at least 75% of study medication 

entered the efficacy analysis.   Both study groups continued to receive antipsychotics and the other medications they were 

on when entering the study.  

 

Statistical Analyses 

Data analyses were conducted using Stata version 15, unless otherwise specified. The analysis code is available upon 

request. 

 

The primary analysis for PANSS subscale scores, CGI, MADRS and BACS was an intention-to-treat principle analysis of 

response profiles as described by Fitzmaurice et al.14, also known as mixed models for repeated measures (MMRM). 

Models had visit and treatment group-by-visit interaction as fixed effects, an unstructured covariance matrix (for repeated 

measures on the same individuals), and specified restricted maximum likelihood.  Effect sizes were based on Cohen’s D.   

As a sensitivity analysis for MMRM modeling assumptions, analysis of covariance (ANCOVA) with last observation 

carried forward (LOCF) and observed case (completers) cohorts was done.  In addition, using LOCF, we calculated the 

percent of patients who had a greater than 20% reduction in total PANSS scores along with exact 95% confidence intervals.  

 

A post hoc analysis for heterogeneity of treatment effects on positive and total PANSS scores was assessed in subgroups 

using a median split of baseline age, PANSS, MADRS, and anti-psychotic medications by adding an interaction term in an 

unadjusted MMRM regression model and then using a likelihood ratio test. We then used age as a continuous variable in 

order to look at the effect of age on response. We also compared the treatment-placebo differences, specifically at week 8.  

 

The role of plasma levels of hormones, estradiol in particular, was assessed as moderators of the group effect, in relation to 

age, and as predictors of PANSS.  When appropriate, models were adjusted for the estimated menstrual phase and excluded 

implausibly high estradiol values (>5,000 pmol/L). Details are presented in eAppendix 2. 

  

Adverse events experienced throughout the study were recorded and group differences in the number of subjects who 

experienced events were analyzed using Fisher’s exact test.  The potential effect of breast discomfort or weight gain in 

causing functional unblinding was analyzed first by controlling for these in the statistical analysis, then by testing for 

moderation by these side effects in the positive PANSS mixed models. 

 

The PANSS positive subscale score and MADRS score, reflecting psychotic symptoms and mood, were both improved by 

estradiol, raising several different possibilities.  One would be that the improvement in PANSS drives the improvement in 

MADRS, in that less paranoia and fewer hallucinations lead to improved mood.  Alternatively, perhaps improved mood 

moderates psychotic symptoms. A third possibility could be that psychosis and mood improve independently of each other. 

In post hoc analyses, we examined mediation by MADRS of the effect of estradiol on positive PANSS scores at week 8 

using observed variable path analysis in the SPSS (version 25) PROCESS macro, with MADRS lagged at week 4 (to 

account for temporality) and adjusting for baseline MADRS and positive PANSS scores. We used 50,000 bootstrap 

samples to calculate bias corrected bootstrap 95% confidence intervals. 

 

The nominal level of significance for all analyses was 2-tailed α=0.05. No adjustment was made for multiplicity of testing.  

 

Meta-analysis 

A meta-analysis was performed in order to examine the effect of the current study together with all previous studies which 

tested estradiol patches in women with schizophrenia, the protocol is available at: 

https://www.crd.york.ac.uk/prospero/display_record.asp?ID=CRD42017073342.  

https://www.crd.york.ac.uk/prospero/display_record.asp?ID=CRD42017073342
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Briefly, a search was done to identify all studies investigating the treatment of schizophrenia with estradiol patch versus 

placebo patch. End-point means and standard deviations were extracted from estradiol patch and placebo patch groups on 

the PANSS Total, PANSS Positive, PANSS Negative and PANSS General psychopathology subscale scores. Means were 

compared and converted to Standardized Mean Differences, and a mixed (random) model grand mean was computed for all 

trials in estradiol patch versus placebo patch using Comprehensive Meta-Analysis 3.0 software. Risk of bias assessments, 

investigations for publication bias, and assessments of heterogeneity were also completed. The complete report is presented 

in eAppendix 3. 
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 eTable 1. Baseline Use of Antipsychotic Medications (n=194) ᵃ  

Medication ᵇ Estradiol (n=96)   Placebo (n=98) 

  No. (%)   Median 
Dose (IQR), 

mg 

 
Chlorpromazine 

Equivalent 
(mg) 

  No. 
(%) 

  Median Dose 
(IQR), mg 

 
Chlorpromazine 

Equivalent 
(mg) 

Risperidone 47 (49)   3 (2-4) 250   45 (46)   4 (3-4) 340 

Chlorpromazine 26 (27)   87.5 (50-125) 87.5   32 (33)   100 (75-100) 100 

Clozapine 28 (29)   50 (50-100) -30   23 (23)   75 (50-100) 7 

Haloperidol 21 (22)   5 (5-10) 185   17 (17)   10 (5-10) 400 

Trifluoperazine 9 (9)   10 (5-10) 200   12 (12)   10 (10-15) 200 

Levomepromazine 10 (10)   50 (50-100) 200   6 (6)   50 (50-50) 200 

Quetiapine 5 (5)   300 (300-400) 240   10 (10)   400 (300-400) 350 

Fluphenazine 
Decanoate 

2 (2)   25 (25-25) 400   4 (4)   25 (25-25) 400 

Sulpiride 1 (1)   200 (200-200) --   3 (3)   300 (100-400) -- 

Amisulpride 3 (3)   400 (300-400) --         -- 

 ᵃ Six subjects were missing medication data at baseline.  

 ᵇ Some patients were on multiple medications.  
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eTable 2. Baseline and Final Means for Multiple 

Scales by Median Baseline Age 
 

Baseline Mean (SD)   Final Mean (SD) 
 

Estradiol Placebo   Estradiol Placebo 

All Sample           

PANSS n=100 n=100   n=95 n=93 

  Positive 19.4 (3.6) 19.8 (3.5)   13.4 (2.5) 14.4 (3.0) 

  Negative 19.0 (3.6) 18.9 (3.1)   14.4 (2.8) 15.3 (3.3) 

  General 43.8 (5.5) 44.7 (5.7)   34.0 (5.1) 36.5 (6.4) 

  Total 82.3 (10.0) 83.4 (9.9)   61.8 (9.1) 66.3 (11.1) 

CGI-Severity 4.5 (0.5) 4.4 (0.5)   3.7 (0.6) 3.9 (0.6) 

CGI-Improvement ᵃ 3.5 (0.6) 3.5 (0.6)   2.4 (0.6) 2.8 (0.8) 

Simpson-Angus Scale 5.1 (3.0) 5.2 (2.9)   3.0 (2.6) 3.5 (3.0) 

MADRS 24.4 (5.4) 24.6 (6.2)   17.5 (3.5) 19.0 (4.9) 

BACS Z-scores n=92 n=98   n=86 n=84 

  Composite -5.2 (1.3) -5.4 (1.3)   -4.5 (1.1) -4.7 (1.1) 

  Total Verbal Memory -3.2 (1.1) -3.4 (1.1)   -2.7 (1.2) -2.8 (1.2) 

  Digit Sequencing -3.9 (0.8) -4.0 (1.0)   -3.6 (0.8) -3.7 (1.0) 

  Token Motor -2.1 (1.3) -2.2 (1.2)   -1.4 (1.0) -1.6 (0.9) 

  Total Fluency -2.0 (0.7) -2.2 (0.7)   -1.7 (0.7) -1.8 (0.7) 

  Symbol Coding -4.3 (1.1) -4.5 (0.9)   -4.1 (0.9) -4.3 (0.8) 

  Tower of London -4.6 (2.1) -4.5 (2.1)   -4.0 (1.9) -4.1 (1.8) 

Age < 38.04 Years           

PANSS n=46 n=54   n=43 n=50 

  Positive 19.2 (3.4) 19.6 (3.5)   13.8 (2.8) 13.8 (2.6) 

  Negative 18.9 (3.5) 19.0 (3.1)   14.9 (3.0) 14.8 (3.3) 

  General 43.3 (4.6) 44.6 (6.0)   34.9 (4.7) 35.5 (6.0) 

  Total 81.3 (9.1) 83.2 (10.2)   63.6 (8.7) 64.1 (10.0) 

CGI-Severity 4.4 (0.5) 4.5 (0.5)   3.8 (0.6) 3.8 (0.6) 

CGI-Improvement ᵃ 3.6 (0.6) 3.5 (0.6)   2.5 (0.7) 2.7 (0.8) 

Simpson-Angus Scale 5.2 (2.6) 5.1 (2.8)   3.2 (2.6) 2.9 (2.5) 

MADRS 24.0 (5.3) 25.7 (6.3)   17.6 (3.4) 18.9 (4.7) 

BACS Z-scores n=43 n=52   n=40 n=46 

  Composite -5.7 (1.1) -5.6 (1.3)   -5.1 (0.9) -4.9 (1.0) 

  Total Verbal Memory -3.6 (0.9) -3.5 (1.2)   -3.1 (1.0) -2.8 (1.3) 

  Digit Sequencing -3.7 (0.7) -3.6 (0.9)   -3.5 (0.6) -3.3 (0.9) 

  Token Motor -2.2 (1.3) -2.3 (1.3)   -1.5 (1.0) -1.6 (1.0) 

  Total Fluency -2.1 (0.7) -2.2 (0.8)   -1.8 (0.7) -1.7 (0.8) 

  Symbol Coding -4.7 (1.1) -4.8 (0.6)   -4.5 (0.6) -4.7 (0.4) 

  Tower of London -5.8 (1.3) -5.4 (1.7)   -5.3 (1.1) -4.9 (1.4) 
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Baseline Mean (SD)   Final Mean (SD) 
 

Estradiol Placebo   Estradiol Placebo 

Age > 38.04 Years           

PANSS n=54 n=46   n=52 n=43 

  Positive 19.6 (3.9) 20.0 (3.5)   13.0 (2.2) 15.1 (3.2) 

  Negative 19.1 (3.7) 18.9 (3.2)   14.0 (2.6) 15.9 (3.3) 

  General 44.3 (6.1) 44.7 (5.4)   33.3 (5.4) 37.8 (6.6) 

  Total 83.1 (10.7) 83.6 (9.7)   60.2 (9.1) 68.8 (11.8) 

CGI-Severity 4.5 (0.5) 4.4 (0.5)   3.6 (0.6) 3.9 (0.6) 

CGI-Improvement ᵃ 3.4 (0.6) 3.7 (0.6)   2.4 (0.6) 2.9 (0.8) 

Simpson-Angus Scale 5.1 (3.4) 5.3 (2.9)   2.9 (2.6) 4.1 (3.4) 

MADRS 24.8 (5.6) 23.3 (5.9)   17.5 (3.6) 19.2 (5.2) 

BACS Z-scores n=49 n=46   n=46 n=38 

  Composite -4.8 (1.4) -5.1 (1.3)   -4.1 (1.1) -4.5 (1.1) 

  Total Verbal Memory -2.9 (1.1) -3.4 (1.0)   -2.3 (1.2) -2.8 (1.1) 

  Digit Sequencing -4.1 (0.9) -4.4 (1.0)   -3.7 (0.9) -4.1 (1.0) 

  Token Motor -2.0 (1.2) -2.2 (1.2)   -1.4 (1.0) -1.5 (0.8) 

  Total Fluency -2.0 (0.7) -2.2 (0.7)   -1.6 (0.7) -1.9 (0.7) 

  Symbol Coding -4.0 (0.9) -4.0 (0.9)   -3.7 (0.9) -3.7 (0.8) 

  Tower of London -3.5 (2.0) -3.3 (1.9)   -2.9 (1.7) -3.2 (1.7) 

ᵃ CGI-Improvement is a change-from-last-visit measure, so the first available data (1 week 

  after baseline) are used in this table. 
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eTable 3. Differences in PANSS Symptoms Between Placebo and 

Estradiol Groups at Week 8 According to Median Baseline Age 

  Age < 38.04   Age > 38.04 

PANSS Question Difference (95% CI) ᵃ   Difference (95% CI) ᵃ 

P1 Delusions -0.10 (-0.32,0.12)   -0.43 (-0.70,-0.17) 

P2 Conceptual Disorganization -0.09 (-0.31,0.14)   -0.27 (-0.49,-0.05) 

P3 Hallucinatory behavior 0.00 (-0.21,0.22)   -0.19 (-0.47,0.09) 

P4 Excitement -0.00 (-0.25,0.24)   -0.07 (-0.28,0.15) 

P5 Grandiosity 0.19 (-0.03,0.41)   -0.17 (-0.39,0.05) 

P6 Suspiciousness/persecution 0.15 (-0.09,0.40)   -0.49 (-0.75,-0.22) 

P7 Hostility -0.06 (-0.30,0.18)   -0.32 (-0.53,-0.11) 

N1 Blunted affect 0.04 (-0.24,0.32)   -0.36 (-0.65,-0.08) 

N2 Emotional withdrawal -0.06 (-0.30,0.17)   -0.29 (-0.55,-0.03) 

N3 Poor rapport -0.14 (-0.39,0.11)   -0.11 (-0.33,0.11) 

N4 Passive/apathetic and social withdrawal -0.09 (-0.31,0.14)   -0.25 (-0.49,-0.02) 

N5 Difficulty in abstract thinking -0.05 (-0.30,0.19)   -0.31 (-0.54,-0.08) 

N6 Lack of spontaneity and flow of conversation -0.00 (-0.25,0.24)   -0.31 (-0.55,-0.07) 

N7 Stereotyped thinking 0.19 (-0.06,0.45)   -0.29 (-0.53,-0.05) 

G1 Somatic concern -0.02 (-0.21,0.18)   -0.15 (-0.38,0.07) 

G2 Anxiety -0.20 (-0.41,0.02)   -0.24 (-0.47,-0.00) 

G3 Guilt feelings 0.09 (-0.18,0.36)   -0.29 (-0.52,-0.06) 

G4 Tension -0.13 (-0.36,0.10)   -0.18 (-0.41,0.04) 

G5 Mannerisms and posturing 0.11 (-0.16,0.38)   -0.14 (-0.36,0.08) 

G6 Depression 0.11 (-0.10,0.33)   -0.27 (-0.47,-0.07) 

G7 Motor retardation -0.18 (-0.40,0.04)   -0.23 (-0.47,0.00) 

G8 Uncooperativeness -0.01 (-0.27,0.26)   -0.34 (-0.62,-0.05) 

G9 Unusual thought content 0.04 (-0.26,0.33)   -0.21 (-0.42,0.01) 

G10 Disorientation -0.00 (-0.23,0.22)   -0.31 (-0.55,-0.08) 

G11 Poor attention -0.01 (-0.24,0.22)   -0.25 (-0.49,-0.01) 

G12 Lack of judgment and insight 0.12 (-0.20,0.44)   -0.25 (-0.60,0.09) 

G13 Disturbance of volition -0.11 (-0.40,0.18)   -0.39 (-0.68,-0.10) 

G14 Poor impulse control -0.13 (-0.36,0.10)   -0.24 (-0.51,0.02) 

G15 Preoccupation -0.03 (-0.27,0.22)   -0.28 (-0.54,-0.02) 

G16 Active social avoidance -0.11 (-0.34,0.13)   -0.29 (-0.58,0.01) 

ᵃ  ifferences are calculated using mixed models for repeated measures. A negative difference means the estradiol 

  group improved in well-being more than the placebo group. Median age at baseline was 38.04 years. 
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eTable 4. Hormone Levels in the Placebo and Estradiol Groups 

  Baseline Median (IQR)   Week 8 Median (IQR) 

Hormone Placebo (n=98) Estradiol (n=99) P-value ᵃ   Placebo (n=85)  stradiol (n=90-91) ᵇ P-value ᶜ 

1 b- stradiol, pmol/  ᵈ 231 (109-374) 190 (104-342) .53   371 (204-756) 252 (139-374) .002 

FSH, IU/L 5.9 (3.8-13.7) 6.25 (4.2-16.1) .36   6.8 (4.1-53.9) 6.6 (4.9-13.8) .44 

LH, IU/L 6.7 (3.5-16.2) 8.3 (3.4-22.6) .40   9 (3.1-24.7) 6.5 (4.3-16.6) .38 

Progesterone, nmol/L 1.1 (0.64-9.2) 1.1 (0.64-5.1) .55   0.8 (0.64-1.5) 1.2 (0.7-2.9) .79 

Prolactin, µg/L 15 (7.7-57) 12.1 (6.9-39.5) .15   25.6 (7.4-60.8) 10.5 (7.9-27.5) .20 

ᵃ  -values are derived from the  ilcoxon rank-sum test. 

ᵇ 9  subjects in the estradiol group had 1 b-estradiol and prolactin measures and 91 had  S ,   , & progesterone measures. 

ᶜ  -values are derived from  uintile regression adjusted for respective baseline hormone and menstrual phase. 

ᵈ Seven outliers ( ,4  - 4,    pmol/ ) were removed. 
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eTable 5. Adverse Events Experienced at Least Once 

 uring the Study (n=199) ᵃ 

Adverse Event Estradiol 
(n=99) 

Placebo 
(n=100) 

P-value ᵇ 

  No. (%) No. (%)   

Blood Pressure Changes 8 (8) 9 (9) >.99 

Breast Discomfort 15 (15) 1 (1) <.001 

Gastrointestinal Complaints 12 (12) 13 (13) >.99 

Genital Urinary Tract 4 (4) 3 (3) >.99 

Headache 10 (10) 16 (16) .29 

Insomnia 2 (2) 2 (2) >.99 

Menstrual Disturbances 4 (4) 0 (0) .12 

Movement Disorders 8 (8) 10 (10) .81 

Muscular Pain 7 (7) 1 (1) .06 

Oral 1 (1) 4 (4) .37 

Placement of Patch 5 (5) 14 (14) .05 

Respiratory Tract 7 (7) 9 (9) .80 

Skin Disorders 8 (8) 11 (11) .63 

Weight Gain 14 (14) 1 (1) <.001 

Other 20 (20) 14 (14) .35 

Any Adverse Event 69 (70) 71 (71) .88 

ᵃ  ne subject had no follow-up visits. 

ᵇ  isher's exact test (two-tailed). 
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eAppendix 2. Effects of Age 
Likelihood ratio tests for moderation by median age yielded p-values <0.05 for PANSS positive, general, and total; 

p-values <0.10 for PANSS negative and CGI-S, and >0.10 for MADRS.  Participants < 38. 04 years (n=100, 46 on 

estradiol patch and 54 on placebo patch,) showed no statistically significant improvement; PANSS total effect 

size=0.05, difference -0.32 PANSS points, 95% CI -3.78 to 3.15, p=0.872. eFigure 3 illustrates the effect of group 

assignment on week 8 positive and total PANSS from a model that includes a quadratic term for age interacted with 

group assignment.  From those models, it appears that the separation of the group effects occurs after age 35y (and 

before age 30y), which helps explain the associations found when using the median split cut-point for age.    

Between-group differences in PANSS symptoms by age at week 8 are shown in eTable 3 for illustrative purposes. 

Overall, a larger benefit from estradiol was seen in the older subgroup across almost all symptoms.  
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eAppendix 3. Mediation by MADRS 

We examined the path model of mediation by week 4 MADRS of the effect of treatment on positive and negative 

PANSS at week 8, adjusting for baseline MADRS and positive or negative PANSS, respectively. 

 

The indirect effect of treatment on positive PANSS through MADRS was statistically significant, PANSS positive 

coefficient=-0.38, 95% CI -0.69, -0.15, indicating a mediating effect of week 4 MADRS on the relationship between 

estradiol treatment and week 8 positive PANSS. The test of the direct effect of estradiol on the PANSS positive 

score was not statistically significant (-0.56, 95% CI -1.24, 0.13). 

 

We further hypothesized baseline age as a moderator of this indirect effect and ran separate moderated mediation 

analyses for subgroups defined by age greater than or less than 38.04 years old. Among participants older than 38.04 

years, there was a statistically significant direct effect of estradiol on positive PANSS, PANSS positive coefficient= 

-1.56 (95% CI -2.55, -0.57), the indirect effect of treatment on positive PANSS through MADRS was PANSS 

positive coefficient =-0.39 (95% CI -0.91, -0.05).  Neither direct nor indirect effects were significant for participants 

younger than 38 years. 

 

The indirect effect of treatment on negative PANSS through MADRS was not statistically significant, PANSS 

negative coefficient=-0.08, 95% CI -0.33, 0.01. The test of the direct effect of estradiol on the PANSS negative 

score was statistically significant, PANSS negative coefficient=-0.94, 95% CI -1.68, -0.20. Moreover, there was no 

evidence of indirect effect through MADRS on negative PANSS among subjects older than 38.04 years, PANSS 

negative coefficient=-0.04, 95% CI -0.39, 0.08, nor in subjects younger than 38.04 years, PANSS negative 

coefficient=-0.14, 95% CI -0.70, 0.03. 
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eAppendix 4. Examination of Potential Functional Unblinding 

The potential effect of breast discomfort or weight gain in causing functional unblinding was tested by analyzing 

moderation in the positive PANSS mixed models.  

 

More women in the estradiol group reported breast discomfort (15 vs. 1 in placebo group) and weight gain (14 vs. 1 

in placebo group; see eTable 6).  These have been reported in previous studies on estradiol-17 and raise the 

possibility of potential functional unblinding of the study. When we controlled for these side effects in the positive 

PANSS mixed models, the effect estimates remained statistically significant (week 8 difference between groups= -

0.80; 95% CI -1.51, -0.09; p-value= 0.028).  We also tested for moderation by these side effects in the positive 

PANSS mixed models and found no evidence of effect modification (likelihood ratio test p-value=0.41). 
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eAppendix 5. Exploratory Analysis of the Role of Plasma Estradiol on the Effect of the Estradiol 

Patch on PANSS 

 

Do participants with lower plasma estradiol (or other hormones) at baseline have better response to estradiol 

patch? 

We were interested in whether baseline levels of certain hormones were moderators of the effect of estradiol vs. 

placebo patch on PANSS at week 8.  We created a forest plot of the PANSS difference between estradiol vs. placebo 

patch according to median split of each baseline hormone. 

 
There was no evidence of heterogeneity in the effect of the estradiol patch according to lower vs. higher median split 

of estradiol and other hormones we included.  While participants with lower baseline progesterone experienced a 

relatively bigger benefit from estradiol patch (-5.32; 95% CI -8.87 to -1.78) than those with higher baseline 

progesterone (-1.98; 95% CI -5.73 to 1.77), the overlapping of the confidence intervals over the other subgroup’s 

point estimate does not support the hypothesis of moderation by baseline progesterone. 

 

Is plasma estradiol related to PANSS at week 8? 

We tested whether plasma estradiol was related to PANSS at week 8 in a regression model that adjusted for 

randomization group, menstrual phase, baseline PANSS and baseline plasma estradiol, and excluded estradiol 

outliers > 5,000 pmol/L.  There was no association between plasma estradiol and PANSS (coef: -0.00082; 95% CI -

0.00582 to 0.00418; P= 0.75).  

 

Is baseline plasma estradiol related to age?  

We tested whether baseline plasma estradiol was related to age in a regression model that adjusted for menstrual 

phase and excluded three estradiol outliers >5,000 pmol/L.  There was no association between plasma estradiol and 

age (coef: -0.00019; 95% CI -0.00411 to 0.00411; P=0.93). 
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In summary, while the estradiol patch increases plasma estradiol, we did not find evidence that pre- or post-

intervention plasma estradiol is related to improvement in PANSS.  Plasma estradiol was also unrelated to age and 

did not help explain the large improvements seen among women 38 years and older who were randomized to 

estradiol (vs. placebo) patch group. 
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eAppendix 6. Transdermal Estradiol for the Treatment of Schizophrenia: A Systematic Review and 

Meta-Analysis of Randomized Controlled Trials  
Abstract  

Background  

Several lines of evidence suggest that estradiol affects the course of schizophrenia.  

 

Objectives  

To put the results of the current study in the context of previously reported trials  on estradiol transdermal patch as 

augmentation to anti-psychotics  in women with schizophrenia. 

 

Search methods  

We searched ClinicalTrials.Gov, Cochrane Library, EMBASE, MEDLINE, PsycINFO, PubMed and WHO ICTRP 

on June 12, 2017 with no date/time, language, document type, and publication status limitations (Table 1). We 

followed Cochrane Handbook and Cochrane’s MECIR for conducting the search, PRISMA guideline for reporting 

the search, and PRESS guideline for peer-reviewing the search strategies. Keywords were collected through 

literature review of relevant Cochrane reviews, controlled vocabulary (Medical Subject Headings = MeSH and 

Excerpta Medica Tree = EMTREE) and reviewing the primary search results. We used Eisinga’s animal search filter 

to remove the non-human search results in EMBASE. Search strategies developed by assistance of a medical 

information specialist were reported in Appendix 1. 

 

Selection criteria  

We included premenopausal women with schizophrenia. We excluded men and people in the prodromal phase of the 

disease. We excluded children. We did not accept studies in patients with other medical disease(s) where 

schizophrenia was a concomitant illness. We studied the administration of transdermal estradiol patches. We limited 

our scope to placebo-controlled trials with a placebo transdermal patch.  

 

Data collection and analysis  

Data were analyzed by two independent investigators. Intention-to-treat data were preferred. Only continuous data 

were used. Effect differences were calculated as Standardized Mean Differences. Analyses include the current study 

and three trials identified through systematic review. Doses in the four included randomized controlled trials ranged 

from 50ug to 200ug. Mixed models grand means were computed for estradiol patch versus placebo patch using 

Comprehensive Meta-Analysis 3.0 software. Risk of Bias assessments, investigations for publication bias, and 

assessments of heterogeneity were also completed. 

 

Main results  

For PANSS total, the estradiol patch group had statistically significant improvement in score compared to placebo  

(standard difference in means= -0.318; 95% CI -0.504, -0.132; p-value <0.001).  Similar improvement in estradiol 

vs. placebo groups was observed for PANSS subscales. There was low study heterogeneity. Howeversome concerns 

exist related to study quality and design. The original three studies were performed by one investigator in Australia, 

the current study was performed in Moldova by different investigators. In a “leave one out” analysis, not including 

the current study resulted in a non-significant finding for PANSS total score. 

 

Authors' conclusions  

Results are very promising. They imply that a larger, equally well-controlled and well-designed study to the current 

one should be performed. Results differ from a previous Cochrane meta-analysis on estradiol in schizophrenia that 

included oral formulations.  

 

Plain language summary  

Is estradiol patch added on to antipsychotics effective in alleviating schizophrenia symptoms in women? 

Women have a lower incidence of schizophrenia until menopause, at which point there is an increase in incidence. 

Lifetime prevalence between men and women is the same. The post-menopausal increase suggests that estradiol 

influences the course of schizophrenia in women.  

 

This study investigated whether estradiol patches added-on to anti-psychotics helped reduce the symptoms of 

schizophrenia in women. It found that they do help reduce all types of schizophrenia symptoms. Because there was a 
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limited number of studies in the meta-analysis and because there were some issues with the quality of studies 

included, we recommend further studies be conducted. 

 

Background  

Several lines of evidence suggest that estradiol affects the course of schizophrenia, see review1. The onset of 

schizophrenia is 2-4 years later in women than in men, and women have a lower incidence of schizophrenia until 

menopause, after which women have an increased incidence, so that the lifetime prevalence is basically the same in 

both genders2-4. Women are more likely to have their first schizophrenic episode during an estradiol trough in the 

menstrual cycle2; some5-7 but not other8-11 studies indicate that women require lower doses of neuroleptics compared 

to men to prevent relapse. These gender differences in the natural course of schizophrenia are well replicated and 

provide a major lead to understanding and treating the illness.  

 

The mechanism by which estradiol protects against psychotic illness or reduces severity is unknown. Changes in 

dopamine neurotransmission12, glutamate13, and serotonin14 activity, changes in levels of estradiol receptors15,16,  

effects on neuro-inflammation17 and genetic factors18,19 have all been hypothesized to be involved in this 

mechanism. 

 

There are several randomized controlled trials administering oral estradiol to patients with schizophrenia, some but 

not others reported a positive effect, see review 20.  Three studies on estradiol patches in women with schizophrenia 

have been published. An initial, small (n=36) 4 week pilot study 21 showed a decrease in positive symptoms using 

100 µg estradiol patches; followed by a larger (N=102) 4 week study showing improvements in positive  symptoms 

and general psychopathology using 100 µg patches 22. A recently published, larger (N=183 ) 8-week study on 

women of child-bearing age administered 100 and 200 µg estradiol patches vs. placebo and showed significant 

improvements in positive symptoms (effect size-0.44), general psychopathology and total PANSS scores, with the 

higher dose showing greater effects23.  All studies employed add-on designs in which estradiol or placebo was added 

to an antipsychotic drug. 

 

Description of the condition 

Schizophrenia is a severe mental illness affecting approximately one percent of the population. The illness is 

characterized by psychotic symptoms and negative symptoms (amotivation, poor social functioning, flat affect.) 

Schizophrenia is commonly treated with antipsychotic medications which are effective in alleviating positive 

symptoms in some but not all patients. No drugs are proven to be substantially effective in treating negative 

symptoms24.   

 

Description of the intervention 

Estradiol is a sex hormone; its levels increase and decrease greatly over the menstrual cycle.  As described above, 

several lines of evidence suggest that estradiol affects the course of schizophrenia, and several studies have shown 

that estradiol improves symptoms of schizophrenia.  

 

How the intervention might work  

Changes in dopamine neurotransmission12, glutamate13, and serotonin14 activity, changes in levels of estradiol 

receptors15,16,  effects on neuro-inflammation17 and genetic factors18,19 have all been hypothesized to be involved in 

this mechanism. 

 

Why it is important to do this review  

Given the findings of improvement in symptoms in schizophrenia in women using estradiol patches, it is important 

to perform a meta-analysis to quantify the effect of estradiol in schizophrenia. If estradiol patch supplementation 

reduces schizophrenia symptoms, it can be used clinically as an adjunct therapy for females with schizophrenia. 

 

Objectives  

To evaluate the effects of an estradiol patch on schizophrenia symptoms in pre-menopausal women. 

 

Methods  

 

Protocol is available at: https://www.crd.york.ac.uk/prospero/display_record.asp?ID=CRD42017073342. 

 

https://www.crd.york.ac.uk/prospero/display_record.asp?ID=CRD42017073342


© 2019 American Medical Association. All rights reserved.  

Criteria for considering studies for this review  

Types of studies  

We accepted only trials with proper randomization. Quasi-randomized methods, such as by date of admission, were 

not accepted. We accepted only double-blind trials where neither patient, nor physician, nor raters knew the patient's 

assignment. We accepted single and multi-center trials. We accepted inpatient and outpatient trials. We did not have 

restrictions on country of origin. 

 

Types of participants  

We included women of childbearing age and excluded postmenopausal women with schizophrenia. We excluded 

men and people in the prodromal phase of the disease. We excluded children. We did not accept studies in patients 

with other medical disease(s) where schizophrenia was a concomitant illness. 

 

Types of interventions  

We studied the administration of transdermal estradiol patches. We limited our scope to placebo-controlled trials 

with placebo transdermal patch. 

 

Types of outcome measures  

Primary outcomes  

We studied estradiol's effects on symptomatology and cognition in schizophrenia that were rated using standardized 

rating scales. For effect measures, we imposed a hierarchy of outcome scales: the highest standardized rating scale 

that a study presents was treated as the primary outcome variable, but all data presented were captured. The 

hierarchy was: total PANSS, total BPRS (Brief Psychiatric Rating Scale), combined SANS (Scale for the 

Assessment of Negative Symptoms) and SAPS (Scale for the Assessment of Positive Symptoms). 

 

Secondary outcomes  

We studied estradiol's effect on total, positive, negative and general symptoms separately. We also studied 

estradiol’s effect on cognition. For positive and negative symptoms, we took the sub-scale of the total scales. For 

general symptomology, we analyzed the general sub-scale of PANSS and CGI (Clinical Global Impression), if 

presented. 

 

Search methods for identification of studies  

Electronic searches  

We searched ClinicalTrials.Gov, Cochrane Library, EMBASE, MEDLINE, PsycINFO, PubMed and WHO ICTRP 

on June 12, 2017 with no date/time, language, document type, and publication status limitations (Table 1). We 

followed Cochrane Handbook and Cochrane’s MECIR for conducting the search, PRISMA guideline for reporting 

the search, and PRESS guideline for peer-reviewing the search strategies. Keywords were collected through 

literature review of relevant Cochrane reviews, controlled vocabulary (Medical Subject Headings = MeSH and 

Excerpta Medica Tree = EMTREE) and reviewing the primary search results. We used Eisinga’s animal search filter 

to remove the non-human search results in EMBASE. Search strategies developed by assistance of a medical 

information specialist were reported in Appendix 1. Search results were de-duplicated in EndNote X7 and sent to 

two researchers for screening. The process of selection of studies has been shown in a PRISMA flow diagram 

(eFigure 1). 

 

Searching other resources  

We searched the reference sections of included papers and relevant meta-analyses for additional studies. 

 

Data collection and analysis  

Data were collected into data sheets in Comprehensive Meta-Analysis 3.0. All analyses were completed within that 

program. 

 

Selection of studies  

Two reviewers (JD, TR) independently inspected all abstracts identified in the searches. If disagreement arose as to 

whether full-text should be obtained, it was resolved by discussion. Where doubt remained, the full article was 

acquired for further inspection. 



© 2019 American Medical Association. All rights reserved.  

Once the full articles were obtained, at least two reviewers (JD, TR) independently decided whether the studies met 

the review criteria. If disagreement could not be resolved by discussion, a third reviewer (MW) resolved it and 

further information was sought from the study authors. 

 

Data extraction and management  

Two reviewers (JD, TR) independently extracted data from all selected trials on electronic forms. When there was 

disagreement. It was resolved by discussion with a third reviewer (MW). Where this was not possible, the study 

authors were contacted. 

 

Assessment of risk of bias in included studies  

Study quality in terms of sequence generation, allocation concealment, blinding, completeness of outcome data, 

selective reporting, and other biases were assessed with the Cochrane Collaboration risk-of-bias tool. 

 

Measures of treatment effect  

Improvement on the PANSS Total Scale (Positive and Negative Syndrome Scale) was the major outcome. 

 

Unit of analysis issues  

The effect size measure for continuous outcomes was the standardized mean difference (SMD). SMD allowed the 

results of multiple scales measuring the same outcome to be combined. When standard errors or variance were 

presented, they were converted to standard deviations. If both were missing and could not be obtained from the 

authors, we were prepared to estimate SDs from confidence intervals, t-values, or p-values as described in Section 

7.7.3 of the Cochrane Handbook for Systematic Reviews of Interventions. However, this was never an issue as all 

studies presented PANSS Total Scale and a proper measure of variance. 

 

Dealing with missing data  

Intention-to-treat (ITT) data were used when available. Mixed effects model of repeated measurement (MMRM) 

was preferred over multiple imputation above last observation carried forward (LOCF), above completers or per-

protocol analyses. 

 

Assessment of heterogeneity  

Heterogeneity was assessed with the Cochrane Q and I-squared statistics. Cochrane Q is an appropriate measure of 

heterogeneity in meta-analyses with few studies, giving a sense of the overall heterogeneity of the sample. I-squared 

estimates the percentage of variance due to the heterogeneity rather than chance. 

 

Assessment of reporting biases  

Reporting bias was assessed through the analysis of funnel plots and through the Duval and Tweedie Trim and Fill 

method.  

 

Data synthesis  

Data was synthesized through the computation of a combined Standardized Mean Difference across studies. Both 

the fixed and random effects models were calculated across all treatment measures and the more conservative effect 

size was presented. 

 

This is done for several reasons. Fixed effects size assumes all patients were taken from the same patient population 

which is unrealistic. Random effects models try and account for differences in populations but can lead to problems 

with small study bias, etc. Also, because we as researchers have conducted a study on estradiol patches, we are 

biased towards stronger effect sizes as this makes it more likely to get published. Therefore, we chose to take the 

most conservative estimate of effect size. 

 

Subgroup analysis and investigation of heterogeneity  

Attempted to investigate heterogeneity through a meta-regression on age of participant. Unfortunately, no studies 

but our own split patients based on age, so such an analysis was impossible. 

 

Sensitivity analysis  

A leave-one-out meta-analysis was conducted to screen for studies that had an out-sized effect on the final result. 
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Results  

Results of the search  

 

eFigure 6. PRISM A Study Flow Diagram 
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eTable 6. Search Resources Details and Number of Results 
Resource Time Coverage Search Interface # of 

Hits 

ClinicalTrials.Gov Until Search Date ClinicalTrials.Gov 102 

Cochrane Library Until Search Date Cochrane Library 96 

EMBASE 1974 – 2017 Week 24 Ovid SP 511 

MEDLINE 1946 – Search Date Ovid SP 312 

PsycINFO 1806 – 2017 June Week 1 Ovid SP 125 

PubMed 1946 – Search Date PubMed 192 

WHO ICTRP Until Search Date WHO ICTRP 4 

 

Subtotal 1342 

Duplicates 549 

Total (for Screening) 793 

 

Farhad Shokraneh completed the search and results are presented above. After de-duplication, 793 papers were 

available for screening and 6 papers were included because of author knowledge of the studies. After screening by 

title and abstract, 30 full-text articles were examined. 26 were excluded for the reasons stated in Figure 7. 4 studies 

remained for qualitative and quantitative analysis. 
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Data and analyses  

Primary outcome 

Total symptomology  

 

eFigure 7. Forest Plot of Meta-Analysis of Estradiol vs Placebo Patch for the Treatment of Schizophrenia 
Symptoms – PANSS Total Score 
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eTable 7. Complete Statistical Output for Meta-Analysis of Estradiol vs Placebo Patch on PANSS Total Score  
Effect size and 95% confidence interval Test of null (2-Tail) Heterogeneity 

Model Number 
Studies 

Effect 
Size 

Standard 
error 

Variance Lower 
limit 

Upper 
limit 

Z-value P-value Q-value df 
(Q) 

P-value I-
squared 

Fixed 5 -0.318 9.48E-02 8.98E-03 -0.504 -0.132 -3.358 7.86E-04 2.950 4 0.566 0 

Random 
effects 

5 -0.318 9.48E-02 8.98E-03 -0.504 -0.132 -3.358 7.86E-04 
    

 

All studies presented PANSS Total Score, so it was unnecessary to use our hierarchy of outcome measures. On the primary outcome measure, Estradiol patch 

had a significant reduction of PANSS Total score vs placebo patch (p ≈ .001). Heterogeneity was low on both measures (Cochrane’s Q = 2.950, I-squared ≈ 0). 

Our intention was to present the more conservative of the fixed and random effects effect size estimate. Because heterogeneity was so low, the term to account 

for between-study variation approaches zero and there was no difference between fixed and random effects models. Therefore, we present the fixed effects by 

default.  Figure 1 shows the forest plot of these data. 
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Secondary outcomes 

General symptomology  

 

eFigure 8. Forest Plot of Meta-Analysis of Estradiol vs Placebo Patch for the Treatment of Schizophrenia 
Symptoms – PANSS General Score 

 
All studies presented PANSS General Score, so it was unnecessary to use our hierarchy of outcome measures. Estradiol patch had a significant reduction of 

PANSS general score vs placebo patch (p ≈ .005). Our intention was to present the more conservative of the fixed and random effects effect size estimate. There 

was no difference in effect size between fixed and random effects models. Therefore, we present the fixed effects by default.  Figure 2 shows the forest plot of 

these data. 

 

  



© 2019 American Medical Association. All rights reserved.  

Negative symptomology 

 

eFigure 9. Forest Plot of Meta-Analysis of Estradiol vs Placebo Patch for the Treatment of Schizophrenia 
Symptoms – PANSS Negative Score 

 
All studies presented PANSS negative score, so it was unnecessary to use our hierarchy of outcome measures. Estradiol patch had a significant reduction of 

PANSS negative score vs placebo patch (p ≈ .011). Our intention was to present the more conservative of the fixed and random effects effect size estimate. There 

was no difference in effect size between fixed and random effects models. Therefore, we present the fixed effects by default.  Figure 3 shows the forest plot of 

these data. 
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Positive symptomology 

 

eFigure 10. Forest Plot of Meta-Analysis of Estradiol vs Placebo Patch for the Treatment of Schizophrenia 
Symptoms – PANSS Positive Score 

 
All studies presented PANSS positive score, so it was unnecessary to use our hierarchy of outcome measures. Estradiol patch had a significant reduction of 

PANSS positive score vs placebo patch (p < .001). Our intention was to present the more conservative of the fixed and random effects effect size estimate. There 

was no difference in effect size between fixed and random effects models. Therefore, we present the fixed effects by default.  Figure 4 shows the forest plot of 

these data. 
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Risk of Bias 

 

eFigure 11. Risk of Bias Graph 
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eFigure 12. Risk of Bias Summary 

 
eFigures 11 and 12 show risk of bias results. Overall, Kulkarni’s 2002 paper showed a high risk of bias because of 

improper allocation. A 100-microgram group was added post-hoc, which was not accepted because of problems that 

caused vis-à-vis randomization, concealment and blinding.  

 

Kulkarni’s 2008 study, three times as many subjects on the placebo patch had incomplete outcome data. Subjects 

with incomplete outcome data were not included in the analysis. Therefore, there was a high risk that the patients 

with incomplete outcomes might’ve changed the results of the study.  

 

Complete breakdown of the risk of bias decisions with textual justifications can be found in the last section of the 

meta-analyses. 
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Publication Bias 

 

eFigure 13. Funnel Plot of PANSS Total Score with Studies Imputed via Duval and 
Tweedie’s Trim and Fill Model 

 
Duval and Tweedie’s trim and fill model imputed two studies with higher effect size than the reported mean effect 

size. It is unlikely that investigators wouldhave had such strong results and not published them. 
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Sensitivity Analyses 

 

eFigure 14. Forest Plot of Meta-Analysis of Estradiol vs Placebo Patch for the Treatment of Schizophrenia 
Symptoms: PANSS Total Scale One Study Removed 

 

 
On a one-study removed meta-analysis, it was shown that the current study had an outsized effect on the effect size. Without it, the difference between Estradiol 

patch and placebo patch was not statistically significant (p = 0.065). 
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eAppendix 7. Discussion  

Summary of main results 

 

Estradiol patches added on to anti-psychotics are efficacious for the treatment of positive and negative symptoms, 

and general psychopathology of schizophrenia. The evidence relies heavily on the current study. Therefore, we 

recommend that more well-controlled studies with adequate power be conducted on the subject using estradiol 

patches. 

 

Overall completeness and applicability of evidence 

The original three studies were performed by one investigator in Australia, the current study was performed in 

Moldova by different investigators. In a “leave one out” analysis, not including the current study resulted in a non-

significant finding. Therefore, the results indicate that further studies need to be completed in the field. 

 

Quality of the evidence 

All studies were placebo controlled, double-blind studies, the quality was carefully evaluated in the risk-of-bias tool. 

In the 2002 study by Kulkarni, there were major methodological flaws. Upon the completion of a 50-microgram VS 

placebo study, a 100-microgram group was added. This constitutes improper randomization and therefore the 100-

microgram group was left out. 

 

Potential biases in the review process  

The reviewers are not estradiol experts, hence might miss details specific to estradiol.   

 

Agreements and disagreements with other studies or reviews 

Previous reviews on estradiol for schizophrenia focused mainly on oral administration and were not specific for 

patches.  

 

Authors' conclusions 

The evidence from these four studies considered together suggests that estradiol patch added on to antipsychotics is 

efficacious. Further research is indicated.  

 

Implications for practice  

Results are not complete enough to recommend utilization of estradiol patch as a supplement for schizophrenia in 

women. Results do imply a probable effect. Therefore, our recommendations are that a similar study to the current 

study be performed to confirm results. 

 

Implications for research  

This analysis implies that more high-quality studies need to be done with a large patient population in estradiol 

patch's effect on schizophrenia in women. Moreover, the two studies done with 200-migrogram doses showed the 

most consistent effect sizes and did not have higher rates of side-effects. Therefore, future studies should use this 

dose to prevent not finding an effect because of too low a dose. 
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Risk of Bias Tables 

 

eTable 8. Kulkarni 2002 Risk of Bias Table   
Bias Authors' 

judgement 
Support for judgement 

Random sequence generation  
(selection bias) 

High risk All patients were randomised into the active 
estradiol skin patch treatment groups or an 
identical placebo patch group.  
Upon consultation with the author and reference 
to Kulkarni 1999, the 100ug group was added 
post-hoc which constitutes improper 
randomization. Therefore, this group was 
excluded. 

Allocation concealment  
(selection bias) 

High risk From Kulkarni 1999: "The phase 2 trial is a 4-
week study examining symptom variation over 
one phase of the menstrual cycle. It utilises a 
double-blind (50 ug of estradiol or placebo skin 
patch) design, and preliminary data for the first 
25 women will be presented." 
100ug group was added post-hoc. This makes 
allocation concealment difficult or impossible. 

Blinding of participants and 
personnel  
(performance bias) 

High risk From Kulkarni 1999: "The phase 2 trial is a 4-
week study examining symptom variation over 
one phase of the menstrual cycle. It utilises a 
double-blind (50 ug of estradiol or placebo skin 
patch) design, and preliminary data for the first 
25 women will be presented." 
100ug group was added post-hoc. This makes 
allocation concealment difficult. 

Blinding of outcome assessment  
(detection bias) 

Unclear risk The paper did not make clear who assessed the 
outcome. 

Incomplete outcome data  
(attrition bias) 

Unclear risk Unclear from paper whether no patients dropped 
out or drop-out data was not included. 

Selective reporting  
(reporting bias) 

Unclear risk No protocol published. 

Other bias Low risk 
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eTable 9. Kulkarni 2008 Risk of Bias Table  

Bias 
Authors' 
judgement 

Support for judgement 

Random sequence generation 
(selection bias) 

Low risk They were individually randomized by the Alfred 
Clinical Trials Pharmacy to receive either 
adjunctive estradiol (56 women) or adjunctive 
placebo (46 women) according to a computer-
generated randomization list. 

Allocation concealment  
(selection bias) 

Low risk All study personnel and participants remained 
blind to treatment assignment for the duration of 
the study. 

Blinding of participants and personnel  
(performance bias) 

Low risk All study personnel and participants remained 
blind to treatment assignment for the duration of 
the study. 

Blinding of outcome assessment 
(detection bias) 

Unclear risk Does not state who outcome assessment 
personnel were. 

Incomplete outcome data  
(attrition bias) 

High risk During the trial, 2 participants withdrew from the 
estradiol group (owing to menstrual bleeding) and 
1 participant was removed from the placebo 
group after becoming lost to follow-up (Figure 1). 
At day 28, there were 54 participants in the 
estradiol group and 45 participants in the placebo 
group. For PANSS ratings, there were incomplete 
data sets for 3 participants in the estradiol group 
and 9 participants in the placebo group; hence, 
for data analysis of psychopathology ratings, 51 
participants were included in the estradiol group 
and 36 in the placebo group. 

Selective reporting  
(reporting bias) 

Unclear risk 
Protocol published after completion of study. 

Other bias Low risk  
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eTable 10. Kulkarni 2015 Risk of Bias Table  
Bias Authors' 

judgement 
Support for judgement 

Random sequence generation  
(selection bias) 

Low risk All participants were individually randomized by 
the Alfred Clinical Trials Pharmacy to receive 
adjunctive estradiol     μg (administered as 
two 1   μg estradiol transdermal patches, 
Novartis, Basel, Switzerland, 62 women), 
adjunctive estradiol 1   μg (administered as 
two  stradot    μg transdermal patches, 56 
women), or adjunctive placebo (administered 
as 
two patches, 62 women) according to a 
computer-generated randomization 
list (1:1:1 ratio). 

Allocation concealment  
(selection bias) 

Low risk The estradiol patches delivered 1   μg per day 
or     μg per day of estradiol at a constant 
rate. Placebo patches were adhesive and 
identical in appearance but had no active 
substance.  

Blinding of participants and personnel  
(performance bias) 

Low risk Both researchers and participants remained 
blind to treatment assignment 
for the duration of the trial. 

Blinding of outcome assessment  
(detection bias) 

Unclear risk Unclear who the raters were. 

Incomplete outcome data  
(attrition bias) 

Low risk Three patients became unstable following 
randomization but did not receive medication 
and were therefore 
excluded from all analyses. All subsequent 
analyses were done on an intention-to-treat 
basis. 

Selective reporting (reporting bias) Low risk All outcome measures in protocol are reported 
in trial. 

Other bias Low risk 
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eTable 11. Current Study Risk of Bias Table 
Bias Authors' 

judgement 
Support for judgement 

Random sequence generation  
(selection bias) 

Low risk Randomization was prepared according to a 
parallel design and the medication was 
randomly allocated. A computer-generated list 
of randomized numbers prepared by Sharp 
Clinical Services was used with a 1:1 (estradiol: 
placebo) allocation using block sizes of 4. 

Allocation concealment  
(selection bias) 

Low risk In order to ensure investigator and participant 
blinding, all study medications were packed in 
identical numbered packages according to the 
randomization schedule. 

Blinding of participants and 
personnel (performance bias) 

Low risk The randomization code was not available to 
any person involved in the conduct or 
evaluation of the study before the study 
database was locked. 

Blinding of outcome assessment 
(detection bias) 

Low risk Study medication was prescribed to be applied 
to the skin and changed twice weekly, and was 
dispensed by the investigator on clinic visits. In 
order to ensure investigator and participant 
blinding, all study medications were packed in 
identical numbered packages according to the 
randomization schedule. The randomization 
code was not available to any person involved 
in the conduct or evaluation of the study before 
the study database was locked. 

Incomplete outcome data  
(attrition bias) 

Low risk One hundred participants were randomized to 
estradiol patch and 100 to placebo, all 
participants randomized were included in the 
intent to treat analysis. A total of 12 participants 
did not complete the study (6%), 7 on placebo 
and 5 on estradiol, these did not differ 
significantly (p>0.05). 

Selective reporting  
(reporting bias) 

Low risk All outcome measures in protocol are reported 
in trial. 

Other bias Low risk 
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eAppendix 8. Potential Genetic Mechanisms by Which Estradiol Might Influence 

Schizophrenia 

 
In order to study potential genetic mechanisms by which estradiol influences schizophrenia, we used Ingenuity 

Pathway Analysis (IPA, QIAGEN, Inc.) software to examine open-access data on schizophrenia-estradiol 

relationships from ~1000 human frontal cortex specimens 1 and more than 80,000 blood-based samples 2.  Data on 

the schizophrenia-specific transcript profiles in frontal and parietal cortex passed rigorous process and analytic 

quality control and were based on five microarray- (155 SZ | 153 controls) and two RNA-Seq studies (315 SZ | 348 

controls). See eFigure 15 for analytic scheme. 

 

Of the 409 genes showing both significant dysregulation in schizophrenia (FDR-adjusted P < 0.05) and concordant 

direction of schizophrenia-associated expression difference across microarray and RNA-Seq studies, 77 (~20%) 

were also linked in the biomedical literature to estrogen receptor 1 (ESR1).  The Ingenuity Pathway Analysis 

elucidated a set of 429 molecules with the capacity to regulate schizophrenia-related gene transcripts in frontal and 

parietal cortices; among these regulatory molecules, ESR1 showed the second strongest association of all (P < 2.93 

x 10-7). The pattern of schizophrenia-specific gene expression in these data indicated that ESR1 was likely to act 

with, or through Transcription Factor SP1 (SP1) and cAMP Response Element-binding Protein (CREB) family 

members to influence products of schizophrenia related genes.  Schizophrenia-associated DNA sequence variants 

identified in blood (P < 5.0 x 10-8) by the Psychiatric Genomics Consortium (PGC) are resident in 11 and 4 

respective genes regulated by ESR1 and SP1. See eFigure 15 for results from Ingenuity Pathway Analysis. These 

findings of an association between a gene encoding a key estradiol receptor (ESR1) and schizophrenia support those 

in our clinical trial showing that estradiol patches improve the symptoms of schizophrenia.   
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eTable 12. Number of schizophrenia-related genes (determined by gene-schizophrenia relationships in four independent 
studies) potentially regulated by estrogen receptors and estradiol 

Note:  ESR1 = estrogen receptor 1, ESR2 = estrogen receptor 2; CCH = Charing Cross Hospital cohort (Brodmann Area 10; 23 SZ and 28 Control; GEO Accession: GSE17612), HBB 
= Harvard Brain Bank cohort (Brodmann Area 9; 16 SZ and 27 Control; GEO Accession: GSE17612), HBSFRC = Human Brain and Spinal Fluid Resource Center cohort (Brodmann 
Areas 10 and 46; 22 SZ and 23 Controls; PMID: 27940260), PGC = Psychiatric Genomics Consortium cohort (36,989 SZ and 113,075 Controls).  P-values are for  isher’s exact test 
and were computed with Ingenuity System algorithms.   

 
  

                  

  Blood    Brain            

  GWAS : SNP  Expression   : Chip      Expression : RNA-seq  

  PGC    HBB    CCH    HBSFRC    

Element  Genes  P-value  Genes  P-value  Genes  P-value  Genes  P-value  

ESR1  9  1.76x10-3  85  2.85x10-10  123  2.44x10-6  111  7.43x10-9  

ESR2  3  4.14x10-2  21  3.58x10-2  37  2.92x10-2  47  2.65x10-7  

ESR1 +ESR2  --  NS  17  1.62x10-3  22  3.99x10-2  24  5.59x10-4  

Estradiol  --  NS  16  2.09x10-2  24  NS  35  4.57x10-7  
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eFigure 15. Genetic Analyses 

 

 

 

 

Microarray in Human Frontal and Parietal Cortex
Stable Tests 

12383 

SZ-related* Probes
2128

RNA-seq in Human Frontal Cortex
Stable Tests

15824

SZ-related* Probes
1692

Common SZ-related* Probes
424 

Concordant SZ-related* Probes
409

SZ-* and ESR1-related Genes
77

Upstream of ESR1 Downstream of ESR1
25 Genes                             52 Genes

13 Downregulated in Brain              23 Downregulated in Brain
12 Upregulated in Brain              29 Upregulated in Brain

*FDR-adjusted P < 0.05

Ingenuity Pathway Analysis
ESR1 regulates 225 SZ-related genes
P < 1.11E-11

Ingenuity Pathway Analysis
ESR1 regulates 124 SZ genes
P < 1.02E-05

Ingenuity Pathway Analysis
ESR1 regulates 52 SZ-related genes
P < 2.93E-07

251 down in microarray and RNA-seq 158 up in microarray and RNA-seq


