Efficacy and safety of phytoestrogens in the treatment of
postmenopausal depressive disorders: a systematic review and
meta-analysis

Li Jieyun!, Huijuan LI?, Yan Peijing?, Liping Guo?*, Jingwen Li*, Jiani Han?, Jie Qiu®, and
Kehu Yang”

'Evidence-Based Medicine Center, School of Basic Medical Sciences, Lanzhou University,
Lanzhou, PR China

2Taiyuan Central Hospital, Taiyuan, PR China

3Department of Epidemiology and Health Statistics, West China School of Public Health
and West China Fourth Hospital, Sichuan University

4Key Laboratory of Evidence Based Medicine and Knowledge Translation of Gansu
Province

’Evidence-Based Medicine Center, School of Basic Medical Sciences, Lanzhou University
6Gansu Provincial Maternity and Child Care Hospital

"Evidence Based Medicine Center

December 21, 2020

Abstract

Background:Depression is one of the most common and specific symptoms among postmenopausal women, leading to significant
personal, family, and economic burdens. Some studies have shown that phytoestrogens can help relieve symptoms of depression.
Objectives: This systematic review and meta-analysis aims to assess the efficacy and safety of phytoestrogens in treating
depression among postmenopausal women. Methods: A comprehensive search for relevant studies published until November
25, 2020, was conducted in PubMed, the Cochrane Library, Chinese Biomedical Literature Database, Web of Science, and
EMBASE. Statistical analyses were performed with Statal2.0, Comprehensive Meta-Analysis 3.0, and Review Manager 5.4.
Results: 2,183 studies were identified and 10 studies were included, involving 1,248 participants. The quality of the four studies
was assessed as high risk, six studies were assessed as unclear. The analyses conducted according random effects model indicated
a positive effect on depressive symptoms for postmenopausal women compared to the placebo (SMD=-0.45; 95% [CI]= -0.60 to
-0.29; Q=40.42, df=18, P=0.002; 12=55.5%). The high dose phytoestrogens (dose>100mg/day) have better effectiveness (SMD
=-0.48; 95%|CI|= -0.76 to -0.20; 12=52.8%, P<0.05) than low dose (25mg/day[?]dose[?]100mg/day) (SMD=-0.45; 95%][CI]=-
0.68 t0-0.23; 12=66.7%; P>0.05) and ultralow dose (00.05). Isoflavones had better effectiveness (SMD=-0.52; 95% [CI]= -0.75
to 0.30; 12=65.8%, P<0.05) than lignans of phytoestrogens (SMD= -0.23; 95% [CI]= -0.05 to 0.01; 12=0%, P>0.05). The
effectiveness varies in regions. The adverse reactions frequently reported were gastrointestinal symptoms and cold or upper
respiratory tract infection. Conclusions: Phytoestrogen can relieve depression symptoms among postmenopausal women. High-
dose isoflavones is the most effective. Although mild adverse reactions have been reported, phytoestrogen could be considered

as a complementary treatment for postmenopausal depression.

1.Introduction

Menopause is generally defined as the ”cessation” of menstruation for 12 consecutive months and is consid-
ered as the end of a woman’s reproductive life’. During this period, women always experience many metals



distresses, such as poor concentration, agitation, anxiety, depression, and difficulty controlling themselves?3.
Depression was one of the most common and specific symptoms of menopause? %, which may cause some se-
rious problems such as disability and death”®, leading to significant individual, family, and society burdens®.

Estrogen is the most used to treat depression and for relieving other symptoms among postmenopausal
women in clinical'®!!. However, several side effects and risks have been reported after estrogen treatment,
including stroke, thromboembolism events, breast cancer, and vascular diseases'?. Furthermore, Morrison et
al . reported that hormone replacement therapy (HRT) does not treat post-menopause including relieving
depressive symptoms in them?!3.

Nowadays, women are preferring to choose treatments with herbal medicine rather than exposing themselves
to the risks associated with HRT?!4. Researchers have proposed that phytoestrogens, which are compounds
extracted from plants!® can be used as an alternative approach to treating post-menopausal depression,
without the risks associated with taking estrogens'. There are two main types of phytoestrogens: isoflavones
and lignans. Isoflavones are found mainly in beans, fruits, and vegetables, especially soybeans; Lignans are

found in lentils, cereals, wheat, and black rice, as well as fennel, sunflower seeds, and onions'”.

The efficacy of phytoestrogens remains controversial. Some research findings have indicated a significant
improvement in relieving depression among post-menopausal'®'?, while other studies have argued that the
treatment of soy isoflavones does not reduce depression?’. There has been a meta-analysis published in 2018,
which included 3 studies and 316 participants (149 in the phytoestrogen group and 167 in the placebo group)
that showed phytoestrogen consumption is associated with a significant reduction in depressive symptoms
among postmenopausal women?'. However, as only three articles included all published in 2009 and 2010,
more than twice as many eligible studies ranging from 2002 to 2017 were ignored. There are no convincing
conclusions regarding the effects of phytoestrogens on postmenopausal depression until now.

The present systematic review and meta-analysis of randomized controlled trials (RCTs) aim to investigate
the efficacy and safety, as well as the influencing factor of phytoestrogens in alleviating depression among
postmenopausal women.

2.Method

The protocol for this systematic review has been registered on the International prospective register of
systematic reviews (PROSPERO No. CRD4201804493). The Cochrane Handbook for Systematic Reviews

of Interventions and PRISMA Statement helped guide the conduct and reporting of this review?2.

2.1. Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) Enrolled women with at least 12 months of menopause at baseline,
and without the physical disease; (2) women experienced postmenopausal depression and did not undergo
hormone therapy; (3) were treated with an oral phytoestrogen; (4) reported data that can be used to calculate
the effectiveness; (5) the study was an RCT.

Studies were excluded due to the following reasons:(1) reported previous or current use of hormone therapy,
(2) history of ovariectomy or hysterectomy, or no menopausal symptoms; (3) numerical outcome data was
not provided, (4) abstract of meeting or letters. The degree of mental disorders was not considered among
the inclusion or exclusion criteria.

2.2. Data sources and search strategy

A comprehensive search was conducted for relevant studies that were published in English or Chinese,
in databases including PubMed, the Cochrane Library, Chinese Biomedical Literature Database, Web of
Science, and EMBASE on November 25, 2020. The search keywords included (depression OR, Depress* OR
blue* OR melancho*) AND (”Plant Estrogens” OR ”Phyto-Estrogen” OR ”Estrogen-Like Plant Extracts”)
AND (postmenopausal* OR menopause* OR ”postmenopausal period” OR involutional)]. Details on the
search strategy have been provided in Supplemental Material Table 1. The reference lists of the studies were
searched manually to identify additional studies?3. The Clinical Trials.gov website was also searched for



RCTs that were registered as completed but not yet published?*. A flow diagram of the systematic search
and study selection process is shown in Figure 1.

2.3. Selection of data extraction

Eligible studies were screened in their entirety and developed a data extraction form, and the information
including authors and year of publication, publication type, sample size, gender, type of treatment was
recorded in an Excel spreadsheet. We pre-tested it on five studies and subsequently adapted the final
version. If the inclusion criteria were met, the full-text of each study was coded by the first authors (J.Y.
and H.J) using this template, difficulties in deciding the inclusion status of studies were discussed between
two authors and resolved by consensus.

If there was any evidence for the use of the same sample in different publications, authors were contacted for
clarification?®®. If it was confirmed that two studies were based on the same data, we chose the study that
reported the most comprehensive results. Study authors were also contacted to request additional information
if a study was eligible based on the inclusion criteria, but not all required data could be retrieved from the
full-text. Overall, we adopted a conservative procedure in that we excluded studies for which ambiguity about
the primary data source could not be resolved or if the information necessary for effect size calculation could
not be acquired?®. If studies reported on the results of two independent treatment subgroups, effect sizes
for each subgroup were included in the meta-analysis and treated as a separate study to enable moderator
analyses for the type of treatment.

2.4. Heterogeneity, sensitivity, and publication bias

Based on the Cochrane Handbook Version 6.1.0, 2020, heterogeneity was assessed using Cochrane’s Q-
statistics to estimated the standard deviation of the true effect sizes and thel? -Index?”. A significant Q-test
indicates that effect sizes of primary studies do not belong to the same distribution of effect sizes. When
performance qualification statistics [?]0.05 (P [?]0.05), was considered no significant heterogeneity among
the included studies®®.] 2 index is used to the estimated amount of variability in the true effect sizes, and
the proportion of observed variability that can be explained by true heterogeneity. Values of 25%, 50%, and
75% for the I? -index indicate low, moderate, and high degrees of heterogeneity, respectively. To further
explain the heterogeneity of our main results.

The ” Leave-one-out” method is used in sensitivity analyses to check for outliers that potentially influence the
results of the meta-analysis disproportionately?®. All analyses were performed repeatedly with each study
removed once to detect whether overall results depend on a single study.

Publication bias means that statistically significant results are more likely to be published, while statistically
insignificant results are less likely to be published. Therefore, these studies with no significant significance
could be more likely to remain in the ”file drawer”?®. Publication bias was assessed by three methods.
Funnel plots illustrate the effect sizes of primary studies as a function of study precision, operationalized
by the standard errors of studies. Asymmetry in plots can indicate publication bias??. Egger’s regression
test yields a statistical verification of funnel plot asymmetry. If any bias could be assumed based on these
analyses, we planned to apply the trim-and-fill procedure to estimate the unbiased overall effect3°.

2.5 Risk of bias

The Risk of Bias 2.0 (RoB 2,0) tool in Review Manager 5.4 software is used to evaluate the risk of bias®7.
According to sequence generation, allocation concealment, blinding of outcome assessors, incomplete outcome
data, selective outcome reporting, and other sources of bias, each study was determined as having a low,
high, or unclear risk of bias?’. These assessments were conducted under the guidance of the Cochrane
Handbook for Systematic Reviews of Interventions (Version 6.1.0) and the study was conducted according
to the Preferred Reporting Items for Systematic reviews and Meta-Analyses guidelines. Two authors (J.W

and L.P) independently assessed the identified studies, the conflicts were resolved by discussion.



2.6. Data synthesis and statistical analysis

The fixed-effects model and the random-effects model are based on different assumptions. The results of
meta-analysis using fixed-effect models are limited to specific populations. As we cannot expect these stud-
ies included in the research to show the same widespread impact; the fact that the studies were conducted
under different conditions (i.e., geography, dosage, measurement, etc.) could indispensably cause differences
among the results. Thus, in the identification of effect sizes during the present meta-analytical processes,
analyses were conducted according to the random effects model?'. We computed standardized mean dif-
ferences (SMD) with 95% confidence intervals(95%CI)?7 to estimate effect sizes for continuous outcomes.
Besides,we use stratified analysis to explore subgroup analysis. Data were further analyzed by using Stata
12.0, Comprehensive Meta-Analysis 3.0, and Review Manager 5.4.

3.Results
3.1. Selection and Characteristics of Studies

Of 2,183 studies related to postmenopausal depression that were identified, 44 were selected for full-text
review, and 10 studies with 19 independent reports were included in the meta-analysis (see Fig.1)16:18,20,32-38

These studies were published across eight countries, including Japan, Korea, India, Brazil, Canada, Austria,
Australia, and Ttaly between 2002 and 2017, totaling 1,248 participants. Six scales were used to evaluate
the depression index before and after treatment, including the center for epidemiological studies depres-
sion scale (CED-S)7, the Hamilton depression rating scale (HADS)??, the Zung’s self-rating depression scale
(SDS)*0, the profile of mood states (POMS)*!, the Greene postmenopausal scale (GSC)*? and the Kupper-
man menopause index (KMI) 43. All the included studies in this meta-analysis used the evaluation scales to
evaluate depression in postmenopausal women. Six studies were by clinician rating, three studies were by
self-rating, one study remained was assessed by both clinician and self-rating. Characteristics of the studies
are shown in Table 1.

3.2. Risk of Bias

The quality of the four studies was assessed as high risk, six studies were assessed as unclear. Participants
were selected, and both the baseline and follow-up conditions are well described. Random sequence generation
was deemed to be adequate in five of the 10 trials!6:18:35-37_ Blinding of the outcome assessment is unknown
across five trials??:32:3337:38 - One trial®? helped assess the high risk of bias in the selective outcome since the
pre-specified primary outcomes were not reported. Three 33:36:370f the studies reported conflicts of interest.
The risk of bias assessment is indicated in Figure 2a, b.

3.3. Efficacy of phytoestrogens

A total of 10 studies with 19 independent reports were included in this meta-analysis, with 1,248 participants.
The results indicated that phytoestrogens had a positive effect compared to placebo on depressive symptoms
for postmenopausal women (SMD=-0.45; 95% [CI]= -0.60 to -0.29; Q=40.42, df=18, P =0.002; I’ =55.5%)

(Fig.3).
3.4. Sensitivity and Publication Bias

According to the ”leave-one-out” strategy, 19 outcomes estimated values from -0.479 to -0.411 were got, indi-
cated that there were no particularly prominent sensitivity issues in the included literature (Supplementary
Material Fig 1).

The shape of the funnel plots appeared symmetrical in the comparison model showed that most effect sizes
seem to locate symmetrically upwards the graph, and scatter around both sides of the line. Egger’s regression
test did not show a publication bias (P =0.939). Besides, there was no obvious change in the results after
the trim and -fill estimate. (Supplementary Material Fig.2)

3.5. Typeof phytoestrogens



A total of 10 studies with 19 independent reports with 1,248 participants were included in investigating
the effects of different phytoestrogens on depressive symptoms in postmenopausal women. Among them,
six studies employed isoflavones including red clover isoflavones!'®37, daidzein isoflavone?, soy isoflavones??,
isoflavones aglycone®® and phytoestrogen genistein'®; two studies employed lignans including Schisandra
chinensis®* and Kava-Kava3®; two studies employed fenugreek extract®® and resveratrol®® which could not
give a clear classification. The effectiveness of postmenopausal women based on two different categories of
phytoestrogens indicated that isoflavone (SMD=-0.52; 95% [CI]= -0.75 to 0.30;] 2=65.8%, P <0.05) was
better than treatment with lignans (SMD= -0.23; 95%[CI]= -0.05 to 0.01;” =0%; P >0.05) (Supplementary
Material Fig.3).

3.6.Dose of phytoestrogens

To compare the effects of various doses of phytoestrogens more intuitively, phytoestrogens intake dose were
classified?3. After sorting by the daily dosage of phytoestrogens intake. Doses more than 0 and less than
25mg were classified as the ultra-low dose group (Ultra-low dose: 0<dose<25mg/day), doses more or equal
to 25mg and less or equal to 100mg were in the low dose group (Low Dose: 25mg/day|[?]dose[?]100mg/day),
while doses more than 100mg were in the high dose group (High Dose: dose>100mg). According to the
various dosages in Supplementary Material Figure 4, the results indicated that compared with the low dose
(25mg/day|?]dose[?]100mg/day) (SMD=-0.45; 95%[CI]=-0.68 t0-0.23;I 2=66.7%; P >0.05) and ultra-low-
dose group (0<dose<25mg) (SMD=-0.31; 95%CI=-0.47 to 0.04; I 2=0%,P >0.05), the intake of phytoe-
strogens in the high dose group (dose>100mg/day) was the most effective in improving the symptoms of
menopausal depression (SMD =-0.48; 95%[CI] = -0.76 to -0.20; I 2=52.8%,P <0.05).

3.7.Measurements of depression

Ten RCTs with 19 independent reports and 1,248 participants were included in investigating the effects
of different measurements on depressive symptoms in postmenopausal women. All the included studies in
this meta-analysis used the evaluation scales to evaluate depression in postmenopausal women. The result
based on different assessment scales were detected in Supplementary Material Figure 5, indicated that using
the HDS as an assessment scale was associated with the most varied data (SMD=-0.65; 95% [CI]=-1.38 to
0.08;1°=80.5% ; P <0.05). Meanwhile, the data in GCS (SMD=-0.37; 95%[CI]=-0.62 to -0.21;I°=54.1% ;
P <0.05) and SDS (SMD=-0.59; 95% [CI]=-0.92 to 0.25,° =58.4%; P >0.05)

To explore whether different evaluation scales could reduce the moderate and high heterogeneity, assessment
scales of specific postmenopausal evaluation (GCS*? and KMI*?) with depression items were excluded for
supplementary analysis. Results showed that heterogeneity of the isoflavone group slightly decreased from
65.8% to 60.6% (P= 0.01) (Supplementary Material Fig.6), as well as the heterogeneity of the low dose
group obviously decreased from 66.7% to 10.5% (P= 0.34) (Supplementary Material Fig.7).

3.8. Regions of treatment

Included ten studies with 19 independent reports from eight countries were divided into five continents, to
explore whether post-menopausal women who took phytoestrogens had different rates of depression relief.
We found that the postmenopausal women in Europe had the best depressive remission among the five
continents (SMD=-0.60, 95%|CI]=-0.85 to -0.341 2=54%, P <0.05), better than the women in other regions
(In Supplementary Material Fig.8),

3.9. Adverse Events

106 participants have reported 17 different adverse reactions in five of the ten included studies20-32:3437,38

We classified all reported adverse reactions into three categories: gastrointestinal symptoms, physical pain,
and other adverse events (Table 2).

Gastrointestinal symptoms. Of the four studies that included 253 participants, 38 reported adverse
reactions to gastrointestinal symptoms. Among them, 20 participants reported abdominal pain in four
studies??:32:34; five participants reported nausea in two studies; two participants reported constipation in



one study?’; one participant increased in appetite, seven reported diarrheas in two studies'®2°; one reported

an epigastric problem, and one reported flatulence in one study?°.

Physical pains . Of the three studies that included 221 participants, 43 reported adverse reactions to
physical pain'®20:34, Based on the study research on red clover isoflavones by Lipovac et.al. (2010)'%, nine
participants reported headache, 18 participants reported myalgia and 12 participants reported Arthralgia.
In the study of soy isoflavones by Rilvaet. al. (2009), two participants reported headache and one reported
pain breast. One participant reported headache with Schisandra Chinensis treatment in Park et.al. (2016)3%.

Other events. Of the three studies that included 221 participants, 23 reported adverse reactions to other
events. In the study of red clover isoflavone researched by Lipovac et.al. (2010)'8, 19 participants reported
cold or upper respiratory tract'®. One participant reported tremor of extremities, insomnia, and generalized
rash in Cagnacci et.al. (2003)?°. One participant reported infection with daidzein isoflavone in Ishiwata
et.al. (2009)32.

4. Discussion

Our study aims to investigate the efficacy and safety, as well as the influencing factor of phytoestrogens
in alleviating depression among postmenopausal women. The results indicated that phytoestrogens have a
positive significant effect at reducing depression among postmenopausal women, and would be more effective
when using high dosages (High Dose: dose>100mg). Lephart et al** has published research in 2005 on the
mechanism of phytoestrogen action, which investigated the levels of brain Bcl-2-associated death protein
(a proapoptotic member of Bcl-2 protein family) and neuron-specific 3-IIT tubulin (an early marker of neu-
ronal differentiation/survival) in rats, suggesting that soy isoflavones can potentially ameliorate anxiety and
quicken recovery from trauma. Therefore, based on animal trials, the effectiveness of phytoestrogens has
scientifically been proved and they can be used to relieve mental disorders.

The effects of the isoflavone group were better than the lignans group. Among them, the red clover isoflavones
indicated the best effectiveness among all included phytoestrogens (SMD=-1.05; 95% [CI]=-1.45 to -0.65).
As one study found in legumes, red clover isoflavone through estrogen receptor (ER) binding and activation
of ER-dependent gene transcription, which has a relatively high binding affinity for the ER-a and ER-j,
isoflavones demonstrate up to ~1600 times lower affinity for ER-a*>. This may explain the significant effect
of isoflavones.

High doses (dose>100mg/day) of isoflavone phytoestrogens are more effective than low doses. The reason
why isoflavone at the higher dose effectively alleviated menopausal symptoms in the current study may be
because the isoflavones were completely presented in the aglycone form, which is absorbed faster and in
greater amounts than the glucoside form*. Other studies reported excellent tolerance for the use of soy
isoflavones to extract in the daily dose from 40 to 50mg*”*8. However, the alarm raised by the Italian study
that showed an increase in endometrial hyperplasia after a 5-year intake of 150 mg/day of isoflavones33.
Therefore, to identify the best dose to use, which could better alleviate the symptoms of depression in

postmenopausal women, we look forward to more primary studies on phytoestrogens in the future.

The postmenopausal women in Europe had the best depressive remission among the five continents. As
the dietary habits of the women in various countries are different, such as the preferable diet of having
soy products in Japan and Korea may cause an effect on the results of the phytoestrogens*®. Additionally,
considering the ethnic diversity in different regions, more experiments are needed to explore the specific
conclusions.

106 participants have reported 17 different adverse reactions in five of the ten included studies with 379
participants. Mild intensity abdominal pain is the predominant AE of phytoestrogens in postmenopausal
women with depression. However, concerning the adverse events searched in the included studies, due to
the sporadic nature of reported by various groups, it was not possible to determine the association of these
events with the use of phytoestrogens.



Although this systematic review and meta-analysis found that phytoestrogens were effective in post-
menopausal women, our outcomes need to be treated with caution due to several limitations. Firstly,
the number of studies included in this meta-analysis was not very many that some subgroup analyses could
only be combined with two or three studies. Besides, though all the studies we included were RCTs, there
was the weakness of methodologies in several studies, such as inadequate treatment allocation, small sample
size, and unclear blinding method. Secondly, the sensitivity and specificity of various measurements are
all different, and there is no utilized gold-standard diagnostic for depression. Hence, we hope that specific
depression scales can be unified in the evaluating methods in future clinical research. Thirdly, even we used
subgroup analysis to explore the sources of heterogeneity, but the results still showed high heterogeneity.
Therefore, more caution is needed in the promotion of the results®®. There still needs to be more clinical
trials on different phytoestrogens, to identify the most appropriate dosage, duration, and other treatment
applications to relieve menopausal depression as much as possible.

5. Conclusion

A favorable effect of phytoestrogens indicated can help manage depression among postmenopausal women,
especially with a high dose of isoflavones. The adverse effects of phytoestrogens on postmenopausal women
are not yet clear and more relative high-quality RCT studies are needed in the future that can help provide
more supportive evidence.
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e-Fig 1. The result of sensitivity analysis
e-Fig.2 The trim and -fill funnel plot.

e-Fig.3 Association between isoflavone and lignans groups with the effectiveness of menopausal women to
remission depression in different evaluation scales

e-Fig.4 Association between three intake doses’ group with the effectiveness of menopausal women to remis-
sion depression.

e-Fig. 5 Association between various scales with the effectiveness of menopausal women to remission depres-
sion.

e-Fig.6 Association between isoflavone and lignans groups with the effectiveness of menopausal women to
remission depression in different evaluation scales except for KMI and GCS scales.

e-Fig.7 Association between three intake doses ’groups with the effectiveness of menopausal women to re-
mission depression in different evaluation scales except for KMI and GCS scales.

e-Fig.8 Association between eight countries with the effectiveness of menopausal women to remission depres-
sion.

Tablel. Characteristic of the studies included in the meta-analysis
Table2. The adverse events in all included studies
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Study %
D SMD (95% CI) Weight

Cagnacci 2002a1(GCS) —;..__ -0.39 (-1.00, 0.23) 291
Cagnacci 2002b1(GCS) —_— -0.26 (-0.82, 0.30) 432
1
Cagnacci 2002a2(SDS) — -0.26 (-0.87, 0.35) 393
Cagnacci 2002b2(SDS) —_—— -0.32 (-0.88, 0.25) 431
Jeffrey 2003a1(GCS) —— -0.18(-0.48,0.13) 727
Jeffrey 200351(GCS) | —— -0.08 (-0.38, 0.23) 727
Ishiwata 2008a1 (POMS ) —E—o—— -0.29(-0.80,021) 485
Ishiwata 2008b1 (POMS ) —_— -0.25(-0.75, 0.25) 491
Ishiwata 2008a2 (GCS) —_— -0.34(-085,0.17) 484
Ishiwata 2008b2 (GCS) — ' -0.45 (-0.95, 0.06) 486
Rilva 2009 (CES-D) PR — -0.89(-136,-042) 521

Lipovac 2010a1 (HADS) _— i -1.01(-1.41,-061)  6.03
Lipovac 2010a2 (SDS) — 1.05(-1.45,-065)  6.01
Atteritano 2014 (SDS) —o—i— -054(-0.79,-0.30) .04
Hirose 2015 (HADS) —_—— -0.26 (-0.78, 0.26) 475
Shamshad 2016(GCS) e 112(-162,-061) 485
Park 2016(KMI) - -0.27 (-0.92, 0.39) 358
Evans 2017a1 (POMS) —E—o—— -0.18 (-0.62, 0.26) 554
Evans 2017a2 (POMS) —_—l— -0.29(-0.73, 0.16) 552
Overall (-squared = 55.5%, p = 0.002) <> -0.45(-0.60, -0.29) 100.00

T
NOTE: Weights are from random effects analysis E

-1 .IGZ 0 1.:52

Hosted file

Table S1.pdf available at https://authorea.com/users/344317/articles/499912-efficacy-and-
safety-of-phytoestrogens-in-the-treatment-of-postmenopausal-depressive-disorders-a-
systematic-review-and-meta-analysis

Sensitivity analysis

Study name Statistics with study removed $td diffin means (95% C1) with study removed
Standard Lower  Upper
Point  emor  Variamce limit  lmit ZValue pValue
Cagnacei 2002a1(GCS)  -0452 0082 0007 -0613 5499 0.000 —t—
Cagnacci 200261(GCS) 0458 0082 0007 -0.619 5579 0,000 ——
Cagnacci 2002a2(SDS)  -0.457 0.082 0.007  -0.618 -5.585 0.000 ——
Cagnacci 200262(SDS) 0455 0082 0007 5533 0,000 ——
Teffiey 2003a1(GCS) 0471 0082 0007 5729 0,000
Jeffrey 2003b1(GCS)  -0.479 0079 0.006 6073 0.000 ——
Ishiwata 2009a1 (POMS) -0.457 0083 0007 5540 0000 ——
Ishiwata 2009b1 (POMS ) -0.460 0082 0007 5582 0,000 ——
Ishiwata 200932 (GCS) ~ -0.455 0083 0.007 5499 0,000 ——
Ishiwata 2009b2 (GCS)  -0.449 0083 0007 5418 0.000
Rilva2009 (CESD)  -0.426 0080 0.006 5347 0,000 —t—
Lipovac 2010al (HADS) -0.413 0075 0.006 5500 0.000 -
Lipovac 2010a2 (SDS) ~ -0411 0074 0.005 5562 0.000 —l—
Atteritano 2014 (SDS) 0441 0087 0007 = 0.000 ——
Hirose 2015 (HADS) -0.459 0,082 0.007 0.000 ——
Shamshad 2016(GCS)  -0.416 0075 0.006 0.000 —tl—
Park 2016(KMI) 0456 0082 0.007 0.000 —til—
Evans 2017al (POMS) ~ -0.465 0082 0007 0.000 ——
Evans 201742 (POMS)  -0.459 0.083 0.007 0.000 ——
0449 0079 0.006 0.000 i
100 050 000 050 100

13


https://authorea.com/users/344317/articles/499912-efficacy-and-safety-of-phytoestrogens-in-the-treatment-of-postmenopausal-depressive-disorders-a-systematic-review-and-meta-analysis
https://authorea.com/users/344317/articles/499912-efficacy-and-safety-of-phytoestrogens-in-the-treatment-of-postmenopausal-depressive-disorders-a-systematic-review-and-meta-analysis
https://authorea.com/users/344317/articles/499912-efficacy-and-safety-of-phytoestrogens-in-the-treatment-of-postmenopausal-depressive-disorders-a-systematic-review-and-meta-analysis
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Std diff in means
Study %
D SMD (95% Cl) Weight
. 1
Lignans I
Cagnacei 2002a1(GCS) —_— 0.39(1.00,023) 391
Cagnacci 2002b1(GCS) JR S 0.26 (082, 030) 432
Jefirey 2003a1(GCS) — 018 (0.48,013) 727
Cagnacci 2002a2(SDS) e R 0.26 (087,035 393
Cagnacci 200262(SDS) RS 0.32(0.88,026) 431
Evans 2017a1 (POMS) —_—— 018 (062, 026) 554
Park 2016(KMI) — Ll 0.27(092039) 358
Subtotal (-squared = 0.0%, p = 0.997) <= 0.23(042, 008 3286
. 1
Isoflavone :
Jefirey 2003b1(GCS) L — 0.08(0.38,023) 727
Ishiwata 200921 (POMS ) _— 0.29(080,021) 485
Ishiwata 200961 (POMS ) _— 0.26(0.75,0.25) 491
Ishiwata 20092 (GCS) —_—t— 0.34(085 017) 484
Ishiwata 2009b2(GCS) RN 0.45(0.95,0.06) 4.86
Lipovac 2010a1 (HADS) —_— A.01(141,061) 603
Lipovac 2010a2 (SDS) —_— ! 1.05 (145, -065) 601
Atteritano 2014 (SDS) — 0.54(079,-0.30) 804
Hirose 2015 (HADS) _ 0.26 (0.78,026) 475
Rilva 2009 (CES-D) —_—L 0.89(1.36, 042) 521
Subtotal (-squared = 65.8%, p = 0.002) <o 0,52 (0.75,0.30) 5677
. 1
Unclear :
Evans 2017a2 (POMS) —— 0.29(073,016) 552
Shamshad 2016(GCS) _— 112(162,-061) 485
Subtotal (-squared = §2.9%, p = 0.016) —e=mmem 069 (151,012 1037
1
Overall (-squared = 55.5%, p = 0.002) <> 0.45 (0,60, -0.29) 100.00

NOTE: Weights are flom random effects analysis !
T

-1.62 0
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Study
D

Ultralow dose: 0=dose<25mg/day

Ishiwata 2009a1(10mg/day) —_—
Ishiwata 2009a2(10mg/day) —_—

Subtotal (-squared = 0.0%, p = 0.900) L=

Low dose: 25mg/day=dose<100mg/day

Cagnacci 2002a1(100mg/day) —_—r
Cagnacci 2002a2(100mg/day) _—
Jeffrey 2003a1(82mg/day) —
Jeffrey 2003b1(57mg/day) e
Ishiwata 2009b1 (30mg/day) —_—
Ishiwata 2009b2 (30mg/day) —_—
Lipovac 2010a1 (80mg/day) _—

Lipovac 2010a2 (80mg/day) _—

Atteritano 2014 (54mg/day) —_—
Hirose 2015 (26mg/day) —_—
Subtotal (l-squared = 66.7%, p = 0.001) <

High dose: dose>100mg/day

Cagnacci 2002b1(200mg/day) _—
Cagnacci 2002b2(200mg/day) —_—
Rilva 2009 (120mg/day) _—
Shamshad 2016(500mg/day) ————%——

Park 2016(196mg/day) —_—
Evans 2017a1 (150mg/day) —_—
Evans 201722 (150mg/day) _—

Subtotal (-squared = 52 8%, p = 0.048) -

NOTE: Weights are from random effects analysis

SMD (95% CI)

-0.29 (-0.80, 0.21)
-0.34 (-0.85, 0.17)
-0.31 (-0.67, 0.04)

-0.39 (-1.00, 0.23)
-0.26 (-0.87, 0.35)
0.18 (-0.48, 0.13)
-0.08 (-0.38, 0.23)
-0.25 (-0.75, 0.25)
-0.45 (-0.95, 0.06)
-1.01 (-1.41, -061)
-1.05 (-1.45, -0.65)
-0.54 (-0.79, -0.30)
-0.26 (-0.78, 0.26)
-0.45 (-0.68, -0.23)

-0.26 (-0.82, 0.30)
-0.32 (-0.88, 0.25)
-0.89 (-1.36, -0.42)
-1.12 (162, -061)
-0.27 (-0.92, 0.39)
-0.18 (-0.62, 0.26)
-0.29 (-0.73, 0.16)
-0.48 (-0.76, -0.20)

%
Weight

50.09
4991
100.00

726
729
12.35
12.34
8.86
879
10.57
10.54
13.39
861
100.00

13.10
13.07
15.51
14.56
11.056
16.38
16.34
100.00

I
-162

15



Study %
5] SMD (95% CI) Weight
T
GC8 1
Cagnacci 2002a1 — -0.39(-1.00,0.23) 391
Cagnacci 200201 — -0.26 (-0.82,0.30) 432
Jeffrey 2003a1 — -0.18 (-0.48,0.13) 727
Jeffrey 200301 — -0.08(-0.38,023) 7.27
Ishiwata 200922 — -0.34(-0.85,017) 484
Ishiwata 2009b2 - -0.45(-0.95,0.06) 486
Shamshad 2016 —_— -112(-162,-061) 485
Subtotal (-squared = 54.1%, p =0.042) -0.37(-0.62,-012) 37.33
sDs
Cagnacci 200232 — -0.26 (-0.87,0.35) 393
Cagnacci 2002b2 — -0.32(-0.88,025) 431
Lipovac 2010a2 —_— -1.05(-1.45,-065) 6.01
Atteritano 2014 -0.54(-0.79,-0.30) 8.04
Subtotal (-squared = 58.4%, p = 0.066) -0.59(-0.92,-0.25) 2228
POMS
Ishiwata 2009a1 -0.29(-0.80,021) 485
Ishiwata 200901 -0.25(-0.75,0.25) 491
Evans 2017a1 -0.18 (-0.62,0.26) 554
Evans 2017a2 -0.29(-0.73,0.16) 552
Subtotal (-squared=0.0%, p=0.986) -0.25(-0.48,-0.01) 2082
HADS
Lipovac 2010a1 -1.01(-1.41,-061) 603
Hiroge 2015 -0.26 (-0.78,0.26) 475
Subtotal (-squared = 80.3%, p = 0.024) =me=cmr— T -0.65(-1.39,008) 1078
T
. 1
CESD '
Rilva 2009 —_— -0.89(-1.36,-042) 521
Subtotal (-squared= %,p=.) -{:}-{- -089(-136,-042) 521
KMl
Park 2016 — -0.27(-0.92,0.39) 358
Subtotal (-squared= %, p=.) L ——ri— -0.27(-0.92,0.39) 358
]
Overall (l-squared = 55.5%, p=0.002) <:> -0.45(-0.60,-0.29) 100.00
MNOTE: Weights are from random effects analysis :
I I
-1.62 0 1.62
Study %
D SMD (95% CI) Weight
Lignans
Cagnacci 2002a2(SDS) _— -0.26 (-0.87, 0.35) 24.59
Cagnacci 2002b2(SDS) _— -0.32 (-0.88, 0.25) 2867
Evans 2017a1 (POMS) R e -0.18 (-0.62, 0.26) 4674
Subtotal (-squared = 0.0%, p = 0.932) -<::=- -0.24 (-0.54, 0.06) 100.00
Isoflavone
Ishiwata 2009a1 (POMS ) —_— -0.29 (-0.80, 0.21) 12.30
Ishiwata 200901 (POMS } —_— -0.25 (-0.79,0.25) 12.44
Lipovac 2010a1 (HADS) - - -1.01(-1.41,-061) 1513
Lipovac 2010a2 (SDS) —_ 1.05(-1.45 -065) 1508
Atteritano 2014 (SDS) —_—— -0.54 (-0.79, -0.30) 19.85
Hirose 2015 (HADS) —_— -0.26 (-0.78, 0.26) 12.05
Rilva 2009 (CES-D) —_— -0.89 (-1.36, -0.42) 13.16
Subtotal (--squared = 60.6%, p = 0.019) <>- -0.63 (-0.89,-0.38)  100.00
Unclear
Evans 2017a2 (POMS) —_— -0.29 (-0.73, 0.16) 100.00
Subtotal (-squared =%, p =) C:- -0.29 (-0.73, 0.16) 100.00

NOTE ‘Weights are from random effects analysis

-1.45 o
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Study %
D SMD (95% CI) Weight
Ultralow dose: O<dose<25mg/day
Ishiwata 2009a1(10mg/day) —_— -0.29 (-0.80, 0.21) 100.00
Subtotal (-squared = %, p= ) _—T e 029 (-0.80, 0.21) 100.00
Low dose: 25mg/day<dose<100mg/day
Cagnacci 2002a2(100mg/day) —_— -0.26 (-0.87, 0.35) 11.92
Ishiwata 2009b1 (30mg/day) — -0.07 (-0.58, 0.45) 16.07
Atteritano 2014 (54mg/day) — -0.54 {-0.79, -0.30) 5579
Hirose 2015 (25mg/day) _— -0.26 (-0.78, 0.26) 16.21
Subtotal (-squared = 10.5%, p = 0.340) <> -0.39 (-0.60, 0.17) 100.00
High dose: dose>100mg/day
Cagnacci 200262(200mg/day) _— -0.32(-0.88, 0.25) 2240
20 g/day -1.12 (-1.62, 0.61) 24.37
Evans 2017a1 (150mg/day) —_— -0.18 (-0.62, 0.26) 26.64
Evans 2017a2 (150mg/day) —_— -0.29 (-0.73, 0.16) 26.59
Subtotal (-squared = 65.9%, p = 0.032) <::> -0.47 (-0.88, -0.05) 100.00
NOTE: Weights are from random effects znalysis
T T
162 0 162
Study %
D SMD (95% Cl) Weight
Europe
Cagnacci 2002a1(ltaly) -0.39(-1.00,0.23) 1063
Cagnacci 2002b1(ltaly) -0.26 (-0.82,0.30) 11.75
Cagnacci 2002a2(ltaly) -0.26 (-0.87,0.35) 10.69
Cagnacci 2002b2(Italy) -0.32 (088,025 1172
Lipovac 2010a1 (Austria) —_— -1.01 (-1.41,-0.61) 16563
Lipovac 2010a2 (Austria) —_— -1.05 (-1.45,-0.65) 1646
Atteritano 2014 (Italy) —_— -0.54 (-0.79,-0.30) 22.23
Subtotal (-squared = 54.0%, p = 0.042) - -0.60 (-0.85,-0.34) 100.00
North America
Jefrey 2003a1(Canada) -0.18 (-0.48,0.13)  50.07
Jefrey 2003b1(Canada) — -0.08(-0.38,0.23) 4993
Subtotal (l-squared = 0.0%, p = 0.654) =7 -0.13 (-0.34, 0.09) 10000
Asia
Ishiwata 2009a1(Japan) -0.29(-0.80,0.21) 14.99
Ishiwata 2009b1 (Japan) -0.25 (075,025 1521
Ishiwata 2009a2(Japan) + -0.34 (-0.85,0.17) 1495
Ishiwata 2009b2 (Japan) -0.45(-0.95,0.06) 15.03
Hirose 2015 (Japan) -0.26 (-0.78,0.26) 14.57
Shamshad 2016(India) —_—— -1.12 (162, -0.61) 14.99
Park 2016(Korea) -0.27(092,0.39) 1024
Subtotal (l-squared = 30.5%, p = 0.195) = 043 (067, -019) 10000
South America
Rilva 2009 (Brazil) —_— -0.89 (-1.36,-0.42) 100.00
Subtotal (l-squared = %, p=.) —_—T e -0.89 (-1.36, -0.42) 100.00
Oceania
Evans 2017a1 (Australia) -0.18 (-0.62,0.26)  50.16
Evans 2017a2 (Australia) -0.29(-0.73, 0.16) 49.84
Subtatal (l-squared = 0.0%, p = 0.743) — -0.23 (-0.55, 0.08)  100.00
NOTE: Weights are from random effects analysis
| |
-1.62 0 162
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