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ABSTRACT

This systematic review and meta-analysis of randomized controlled trials (RCTs) aimed

to test our hypothesis that herbal tea may improve anthropometric parameters, metabolic
factors, and hormone levels in women with polycystic ovarian syndrome (PCOS). A
literature search was conducted on Information Sciences Institute, Medline (PubMed),
Scopus, Embase, and Google Scholar, up to March 2023 without applying language or date
restrictions. RCTs that assigned herbal tea vs. placebo on PCOS women and evaluated
changes in anthropometric measurements, metabolic indices, or hormonal profiles were
included. Six RCTs with 235 PCOS women (119 in the intervention and 116 in the control
group) were included. Meta-analysis showed that herbal tea consumption led to significant
decreases in weight (weighted mean difference [WMD], -2.02 kg; 95% confidence interval
[CI], -3.25, -0.80), body mass index (BMI) (WMD, -0.88 kg/m?; 95% CI, -1.47, -0.28)

and fasting blood glucose (FBG) (WMD, -6.47 mg/dL; 95% CI, -8.49, —4.45), compared

to the control group. Herbal tea supplementation has also significantly increased follicle-
stimulating hormone (FSH) concentration (WMD, 0.56 IU/L; 95% CI, 0.17, 0.95). Meanwhile,
the effect of herbal tea on the waist/hip ratio, hip circumference, waist circumference,

body fat, fasting insulin, FBG/insulin ratio, luteinizing hormone, total testosterone,

and dehydroepiandrosterone sulfate was not significant. Herbal tea might be a potential
supplemental therapy to manage weight, BMI, FBG, and FSH in PCOS women. Further large
randomized clinical trials are recommended to affirm these findings.

Keywords: Herbal tea; Polycystic ovarian syndrome; Metabolic indicators; Systematic review;
Meta-analysis
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Polycystic ovarian syndrome (PCOS), a widespread endocrine disorder in women, could
result in non-ovulation infertility. About 7 percent of women of reproductive age suffer from
this syndrome [1]. Besides infertility, PCOS could lead to clinical complications such as
amenorrhea or oligomenorrhea, hirsutism, acne, baldness, endometriosis, and premature
menopause as well as metabolic disorders including insulin resistance (IR), type 2 diabetes
(T2DM), and lipid profile disorders [2-4]. Moreover, women with PCOS have a higher risk
of cardiovascular diseases [5,6], also about 40%-50% of them are overweight or obese
[7,8]. Treatment of PCOS complications such as infertility, menstruation disorders, and
diabetes poses a lot of economic burden on the health care systems of countries; so, finding
an effective remedy to cure this syndrome can reduce economic costs and improve health
consequences [9].

Several factors including genetics, environment, and lifestyle play roles in the etiology of
PCOS [10]. Lifestyle changes, including weight reduction and switching to a healthy diet,
might be effective in treating PCOS [11]; but following weight loss diets for a long time and
maintaining reduced weight are difficult for these patients. On the other hand, due to the
adverse effects of chemical and industrial drugs, alternative plant-based complementary
medicine is becoming more and more popular [12]. One of these complementary therapies
includes anti-androgen components [13], which are found in some herbal teas as daily
beverages [14-16].

Several previous researches have evaluated the effects of various herbal teas such as green
tea, spearmint, and marjoram tea on females with PCOS. Although some clinical trials have
found positive effects of herbal tea on anthropometric measurements [17,18], others did
not confirm these findings [14]. These inconsistencies have also been shown in the case of
the impact of herbal tea on hormone levels and lipid profiles in PCOS [16,18,19]. Therefore,
to test our hypothesis that herbal tea may improve anthropometric parameters, metabolic
factors, and hormone levels in women with PCOS, we conducted a systematic review

and if possible, a meta-analysis of all published randomized controlled trials (RCTs) that
investigated the effects of herbal tea on these parameters in women with PCOS.

Search strategy

We collected data from the Information Sciences Institute, Medline/PubMed, Scopus,
Embase electronic databases, and Google Scholar. Information was retrieved from the
databases until March 2023, without any restriction in time or language. The following MeSH
and non-MeSH terms were applied in the search strategy: Tea AND (PCOS OR "polycystic
ovarian syndrome" OR "Polycystic Ovary Syndrome") AND ("Intervention Studies" OR
intervention OR "controlled trial" OR randomized OR random OR trial OR randomly OR
placebo OR blind OR blinded OR assign*). In addition, the references of related articles and
reviews were also screened to find any other relevant trials. This research was reported based
on Preferred Reporting Items for Systematic reviews and Meta-Analyses guidelines and the
study protocol was also registered in PROSPRO (No: CRD42020212755).
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Inclusion criteria

Investigations were eligible if they: 1) were RCTs with parallel or cross-over design; 2)
assigned herbal tea vs. placebo to PCOS women; 3) reported changes or mean values
and standard deviation (SD) for one or more main outcomes of interest, including
anthropometric measurements (weight, body mass index [BMI], waist/hip ratio [WHR],
percent of body fat content), lipid profile (high-density lipoprotein [HDL], low-density
lipoprotein [LDL], triglyceride and total cholesterol [TC]), glycemic indices (fasting
blood glucose [FBG], fasting insulin, homeostatic model assessment for IR [HOMA-IR])
or hormonal profile (luteinizing hormone [LH], follicle-stimulating hormone [FSH],
testosterone).

Exclusion criteria

The following exclusion criteria were used: 1) trials without a control group; 2) trials
without sufficient information; 3) animal and laboratory studies; 4) reviews, conference
abstracts, commentaries, and case reports; 5) duplicate publications from the same trials;
6) RCTs that included the women with hirsutism and did not consider other PCOS criteria
to define the disorder.

Data extraction

Two authors (E.A. and Z.H.) independently extracted the required information, including the
name of the first author, publication year, characteristics of trial participants (such as number
of participants in intervention and control group, mean age, and age range), duration of

the intervention in week, design of the trial, definition of the intervention (content and

dose of tea) and related control, means and SDs of outcomes of interest in included studies
(anthropometric measurements, biochemical profile or hormonal profile) before and after
supplementation.

Quality assessment

Cochrane quality assessment tool was used to assess the quality of each included study [20].
According to this tool, each trial was assessed based on the following study characteristics:
random sequence generation (selection bias), allocation concealment (selection bias),
blinding of participants and personnel (performance bias), blinding of outcome assessment
(detection bias), incomplete outcome data (attrition bias) selective reporting (reporting bias)
and other sources of bias (detection bias). We independently categorized each RCT as low
(L), high (H), and unclear (U) risk of bias for each domain. Finally, the overall quality of the
study was categorized into weak, fair, or good, if < 3, 3, or > 4 domains were respectively rated
as low risk.

Statistical analysis

To compare two groups of herbal tea intake and control, means (+ SDs) of differences

in anthropometric measurements, lipid profile, glycemic indices, and hormonal profile

were used to calculate the overall effect size. Statistical heterogeneity between studies was
calculated by Cochran’s Q test and I?. Values for I? values of 0%—25%, 25%-50%, 50%—75%,
and 75%-100% are respectively referred to as low, moderate, substantial, and considerable
heterogeneity. Sources of heterogeneity were found by performing subgroup analyses based
on duration of intervention and intervention type. A fixed-effect model was used to evaluate
subgroup heterogeneity. Furthermore, meta-regression and dose-response analysis were
conducted to find sources of heterogeneity. The influence of a single study on the overall was
explored by running a sensitivity analysis by eliminating one study and repeating the analysis.
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We assessed publication bias by visual inspection of asymmetry in funnel plots, Begg’s test,
and Egger’s regression test [21]. Stata version 14 (StataCorp.; College Station, TX, USA) was
used for data analysis, and p < 0.05 was considered as statistically significant.

RESULTS

Study characteristics

Figure 1 shows the flow diagram of the selection procedure. In brief, 59 papers were identified
through database searching; 35 records remained after duplications were removed. By
screening, 33 citations were retrieved that 21 of them were removed by skimming the title

and abstracts. Full text of remained 12 studies were assessed for eligibility. After further
examination of remained trials, 6 articles were excluded based on the following reasons:
herbal tea was administrated in combination with other substances (n = 2), inappropriate
control groups (n = 2), inappropriate population (n = 1), and inappropriate intervention (n =
1). Finally, six studies [14-19] were potentially eligible and included in the systematic review
and meta-analysis.

General characteristics of the included studies are shown in Table 1. All eligible interventions
had a parallel design and a total of 235 PCOS women (119 intervention and 116 control
group) were included in the analysis. The mean age of participants in these studies ranged
from 18 to 42 years and intervention duration of the studies ranged from 4 to 12 weeks.
PCOS was defined based on Rotterdam criteria in all eligible RCTs. Included studies were
published between 2006 and 2020, and were from Iran (n = 3) [15,17,18], England (n =1)

[19], China (n =1) [14], and Jordan (n =1) [16]. Different types of herbal tea including green

Articles identified through database searching (n = 59):
PubMed, Scopus, ISI Web of Science,
Google Scholar and Embase

Identification

Records after duplicates removed

2 (n = 35)

=

(]

e

& Records screened Articles removed by title/abstract
(n=33) (n=21)

Full-text articles assessed for eligibility Articles removed after full-text

(n=12) review (n = 6):

- Herbal tea was administrated
in combination with other
interventions (n = 2)
- Inappropriate control (n = 2)
- Inappropriate population (n =1)
- Inappropriate intervention (n =1)

Eligibility

Included studies in qualitative synthesis
(n=6)

Included studies in quantitative synthesis
(meta-analysis) (n = 6)

Figure 1. Flowchart describing the process of study selection.
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Table 2. Quality assessment of included studies assessed the effects of herbal tea supplementation on women with polycystic ovarian syndrome

Studies Sequence Allocation Blinding of Blinding of Incomplete Selective Other potential Overall quality
generation concealment participants and outcome outcome data Outcome threats to
personnel assessment reporting validity

Chanetal. [14] L L L L L L u Good
(2006)

Grant [19] (2010) L L u L L L u Good
Haj-Husein et al. [16] L L L L L L u Good
(2016)

Mombaini et al. [15] L u L L L L u Good
(2017)

Tehrani et al. [18] L L L u L L u Good
(2017)

Farhadian et al. [17] L L L u L L u Good
(2020)

L, low risk of bias; U, unclear.

tea (n = 4) [14,15,17,18], Spearmint tea (n = 1) [19], and Marjoram tea (n = 1) [16] were used
as the intervention. The intervention dose of herbal tea was varied based on the type of
intervention. chamomile tea, origanum syriacum L, corn starch, wheat flour, or an unknown
placebo were used in control groups. Major outcomes that were identified from the studies
included anthropometric measurements (weight, BMI, WHR, triceps skin fold, body fat
content, waist and hip circumference [WC and HC]), biochemical profile (fasting insulin,
FBG, FBG/insulin ratio, TC, triglyceride, LDL cholesterol, HDL cholesterol, HOMA-IR),
hormonal profile (total testosterone, sex hormone-binding globulin, free androgen index,
androstenedione, dehydroepiandrosterone sulfate [DHEAS], FSH, LH, E2, progesterone).
The overall quality of included studies according to the domains used by the Cochrane
Collaborations tool is provided in Table 2 and Supplementary Figure 1. All of the 6 studies
included in the systematic review were categorized as good quality [14-19].

Meta-analysis of the effect of herbal tea on anthropometric measurements in
PCOS women

As shown in Figure 2, the meta-analysis revealed a significant decrease in weight (weighted
mean difference [WMD], -2.02 kg; 95% CI, -3.25, -0.80) and BMI (WMD, -0.88 kg/m?; 95%
CI, -1.47, -0.28) compared with the control group. Heterogeneity was considerable for the
weight (I? = 88.0%, p < 0.001); so, subgroup analysis was conducted based on the type of
intervention and duration of the intervention (< 6 vs. > 6 weeks) (Table 3). These subgroup
analyses could not completely explain the source of heterogeneity. Hence, meta-regression
analyses were conducted based on the mean age of participants and intervention duration
(as continuous variables); none of these covariates could explain the source of heterogeneity
(mean age of participants [ = ~0.03, p = 0.69, Pesiqua = 96.7%)] and intervention duration [
=-0.13, p = 0.23, Peiqua = 96.79%] ). Furthermore, dose-response analysis was performed to
assess the effect of tea on weight and revealed that there was no linear relationship between
the duration of herbal tea intervention and weight (p = 0.21). Sensitivity analysis determined
that the overall effect would not significantly change by excluding each study. Publication bias
analysis for weight manifested no significant publication bias (p = 0.62, Begg’s test, and p =
0.58, Egger’s test). Meanwhile, tea consumption did not have a significant effect on WHR,
HC, WC, and body fat.

Meta-analysis of the effect of herbal tea on the metabolic profile of PCOS women
As shown in Figure 3, herbal tea consumption significantly decreased FBG (WMD, -6.47 mg/
dL; 95% CI, -8.49, -4.45) in PCOS women. Heterogeneity was not significant (I* = 41.8%, p
=0.19). However, tea consumption did not show a significant effect on fasting insulin and
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First Author (Year) WMD (95% CI) Weight?%
Weight
Chan (2006) —— 2.03(-2.51,-1.55)23.98
Haj-Husein (2015) R — 0.05 (-1.55,1.65) 17.51
Mombaini (2017) — -0.33(-2.39,1.73) 14.64
Tehrani (2017) - -3.87 (-4.56,-3.18) 23.07
Farhadian (2020) — -2.90(-3.99,-1.81)20.79
Subtotal (l-squared = 88.0%, P < 0.001) - -2.02(-3.25,-0.80)100.00
BMI
Chan (2008) - -0.93(-1.07,-0.79)43.02
Mombaini (2017) —— -0.12(-0.80, 0.56) 28.07
Farhadian (2020) —— -1.54(-2.19,-0.89)28.91
Subtotal (l-squared = 77.5%, P = 0.012) L2 -0.88 (-1.47, -0.28)100.00
WHR
Chan (2006) . -0.02(-0.05, 0.01) 10.26
Mombaini (2017) 3 -0.04(-0.09,0.01) 3.35
Farhadian (2020) 3 -0.02(-0.03,-0.01)86.38
Subtotal (I-squared = 0.0%, P = 0.637) -0.02(-0.03, -0.01) 100.00
HC
Mombaini (2017) — -0.12(-1.70, 1.46) 49.41
Farhadian (2020) -3.26 (-4.69, -1.83) 50.59
Subtotal (I-squared = 88.1%, P = 0.004)=———_______—F—=— -1.71 (-4.79,1.37)100.00
wc
Mombaini (2017) —_ 0.07 (-1.60, 1.74) 49.26
Farhadian (2020) —_— -4.46 (-5.73,-3.19)50.74
Subtotal (I-squared = 94.4%, P <0.001) —— -2.23(-6.67,2.21)100.00
Body fat
Chan (2006) —- 2.02(-2.41,-1.63)52.07
Mombaini (2017) —— -0.14(-0.99, 0.71) 47.93
Subtotal (I-squared = 93.6%, P < 0.001) <>‘> -1.12(-2.96, 0.72) 100.00

T I T
Favorable 667 0 667 Unfavorable

Figure 2. Forest plot of effects of herbal tea supplementation on anthropometric indices in women with
polycystic ovarian syndrome. Meta-analysis revealed a significant decrease in weight (WMD, -2.02 kg; 95% Cl,
-3.25, -0.80) and BMI (WMD, -0.88 kg/m? 95% CI, -1.47, —0.28) compared with the control group. Heterogeneity
was considerable for weight (I = 88.0%, p < 0.001). Meanwhile, tea consumption did not have significant effect
on WHR, HC, WC and body fat.

WMD, weighted mean difference; Cl, confidence interval; BMI, body mass index; WHR, waist/hip ratio; HC, hip
circumference; WC, waist circumference.

Table 3. Results of subgroup-analysis for effect of herbal tea supplementation on weight in women with
polycystic ovarian syndrome

Subgroups No. of effect sizes WMD (95% CI) p within* 12 (%) p between’
Overall 5 -2.02 (-3.25, -0.8) <0.001 88.00
Intervention 0.002
Green tea 4 -2.49 (-3.71, -1.27) <0.001 87.2
Marjoram tea 1 0.05 (-1.55, 1.65) - -
Duration of intervention (wk) 0.002
<6 1 0.05 (~1.55, 1.65) - -
26 4 -2.49 (-3.71, -1.27) <0.001 87.2

WMD, weighted mean difference; Cl, confidence interval.
*p for heterogeneity, within subgroup; Tp for heterogeneity, between subgroups.

glucose/insulin ratio. We could not perform a meta-analysis for the effect of tea drinking on
lipid profile, due to the few numbers of effect sizes.

Meta-analysis of the effect of herbal tea on the hormonal profile of PCOS women
The pooling estimate of included studies declared that herbal tea consumption significantly
increased FSH (WMD, 0.56 IU/L; 95% CI, 0.17, 0.95) in PCOS women (Figure 4).
Heterogeneity was considerable (I* = 87.8%, p < 0.001). On the other hand, tea consumption
had no significant effect on total testosterone, DHEAS, and LH in women with PCOS.
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First Author (Year) WMD (95% Cl) Weight%

FastingInsulin

Chan (2006) 577(5.39,16.93) 2413
Haj-Husein (2015) —_— 14.24(-19.93,-8.55) 34.80
Tehrani (2017) - -3.87(-4.56,-3.18)  41.07

Subtotal (I-squared = 87.1%, P < 0.001) <>> -5.15(-13.68,3.37)  100.00

FBG

Chan (2006) - -7.20(-8.71,-569)  66.54
Haj-Husein (2015) —— 5.02(-7.91,-2.13)  33.46
Subtotal (I-squared=41.8%, P = 0.190) O -6.47 (-8.49,-4.45)  100.00
FBG/insulin

Chan (20086) —_— -13.99(-18.78,-9.20) 49.71
Haj-Husein (2015) —_— 5.86(2.11,9.61) 50.29

Subtotal (I-squared=97.6%, P < 0.00ﬂ<> -4.01(-23.46,15.45) 100.00

T I
-23.5 0 235

Forest plot of effects of herbal tea supplementation on glycemic parameters in women with PCOS.
Herbal tea consumption significantly decreased FBG (WMD, -6.47 mg/dL; 95% Cl, -8.49, -4.45) in PCOS women.
Heterogeneity was not significant (I> = 41.8%, p = 0.19). However, tea consumption did not show significant effect
on fasting insulin and FBG/insulin ratio.
WMD, weighted mean difference; Cl, confidence interval; PCOS, polycystic ovarian syndrome; FBG, fasting blood
glucose.

This meta-analysis on RCTs verified our hypothesis that herbal tea consumption might

result in significant decreases in weight, BMI, and FBG and a significant increase in FSH in
women with PCOS. In contrast to our hypothesis, tea consumption did not have a significant
impact on WHR, HC, WC, body fat, fasting insulin, FBG/insulin ratio, total testosterone,
DHEAS, and LH, maybe due to the few numbers of total eligible studies and small effect
sizes. However, this is not the first systematic review and meta-analysis of RCTs that assessed
the effect of herbal tea supplementation on metabolic profile, anthropometric indices, and
hormonal status of women with PCOS. The main difference between our study and the
previous one [22] is that we evaluated some more parameters, and although they showed that
consumption of tea supplementation in women with PCOS significantly decreased the levels
of FBG, fasting insulin, and weight but they did not find a significant effect for BMI and FSH.

The main goals of PCOS therapy are modifying hyperandrogenic features, controlling
metabolic abnormalities, and improving ovulation and fertility [23]. Finding an herbal
remedy to improve the health status of PCOS women, especially to reduce weight and
modify the hormonal profiles and glycemic parameters, is so valuable. Emerging studies on
phytomedicine and alternative plant-based medicine have shown promising results in the
treatment of PCOS. One of these remedies is an herbal tea that has anti-androgen properties,
which could reduce the levels or activity of androgen hormones within the human body [13].
According to our study herbal teas such as spearmint tea, green tea, and marjoram tea may
have these effects and cause all of the above clinical functions so some hormonal-related
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First Author (Year)

Total Testosterone
Chan (2006)

Grant (2009)
Haj-Husein (2015)

Subtotal (I-squared =

DHEAS

Chan (2006)
Grant (2009)
Haj-Husein (2015)

Subtotal (l-squared =

FSH

Chan (2006)
Grant (2009)
Haj-Husein (2015)

Subtotal (I-squared =

LH

Chan (2006)
Grant (2009)
Haj-Husein (2015)

Subtotal (l-squared =

o ¢ o

67.1%, P = 0.048)

84.9%, P =0.001)

00

< ¢

87.8%, P <0.001)

—_——

98.2%, P <0.001) = <[>

WMD (95% ClI)

0.03 (0.02, 0.05)
-0.12(-0.24, -0.00)
0.02 (-0.07,0.11)
-0.00 (-0.08, 0.07)

0.06 (-0.02, 0.14)
-5.00 (-15.70,5.70)
-0.54 (-0.86,-0.22)
-0.23(-0.81,0.35)

0.43 (0.34,0.52)
1.06 (0.74,1.38)
0.22 (-0.09, 0.53)
0.56 (0.17, 0.95)

-0.70 (-1.04,-0.36)
222(1.72,2.72)
-3.21(-4.65,-1.77)
-0.48 (-2.95,1.99)

Weight%

49.41
21.49
29.10
100.00

53.49
0.29
46.21
100.00

37.97
30.98
31.06
100.00

34.57
34.31
3111
100.00

-16.7 0

Forest plot of effects of herbal tea supplementation on hormonal profile in women with PCOS. Pooling
estimate of included studies declared that herbal tea consumption significantly increased follicle-stimulating
hormone (WMD, 0.56 IU/L; 95% Cl, 0.17, 0.95) in PCOS women. Heterogeneity was considerable (1> = 87.8%, p <
0.001). On the other hand, tea consumption had no significant effect on total testosterone, DHEAS and luteinizing
hormone in women with PCOS.
WMD, weighted mean difference; Cl, confidence interval; DHEAS, dehydroepiandrosterone sulfate; FSH, follicle-
stimulating hormone; LH, luteinizing hormone; PCOS, polycystic ovarian syndrome.

I
16.7

symptoms like amenorrhea or oligomenorrhea, hirsutism, and acne in women with PCOS

would improve by increasing the levels of FSH.

In a recent systematic review and meta-analysis, Payab et al. [24] found that intake of green
tea in overweight and obese adults or those with metabolic syndrome led to significant

reductions in weight, BMI, WC, HC, and TC. Yang et al. [25] showed that > 3 cups of
tea consumption per day could be associated with a lower T2DM risk. Another meta-

analysis evaluating the efficacy of green tea supplementation on nonalcoholic fatty liver
disease indicated that green tea administration had a significantly decreasing effect on
BMLI, triglycerides, TC, and LDL-cholesterol levels [26]. Results of a cross-sectional study
supported that hot tea consumption might inversely be related to FBG in women, but not in

men [27]. Abasian et al. [28] reviewed the role of medicinal plants in PCOS and suggested
that consumption of herbal extracts containing phytoestrogens could result in decreases

in blood testosterone, LH levels, and IR, but the blood progesterone and FSH levels were
increased. The current meta-analysis has also documented the favorable effects of herbal tea
drinking on weight, BMI, FBG, and FSH of PCOS women. Taking these findings together,
individuals with low insulin sensitivity could benefit from frequent herbal tea consumption.
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Green tea has catechins, which inhibit the degradation of norepinephrine; so, this
neurotransmitter can prolong thermogenesis and fat metabolism [29] and result in body
weight reduction [30]. Drinking of green tea could also decrease the appetite [31,32].
Furthermore, green tea can reduce the absorption of nutrients such as glucose by inhibiting
of a-amylase, a-glucosidase, and glucose uptake in the intestine cells [33,34]. Marjoram
herb could activate peroxisome proliferator-activated receptor (PPAR)-a and PPAR-y; these
PPARSs play roles in improvement of the insulin sensitivity [35]. Anti-androgenic properties
of spearmint tea might reduce free testosterone levels in the blood and increase several
female hormones including FSH. Its ability to increase the metabolism rate of androgens
by inducing cytochrome P450 3A4.5. or the direct effect of spearmint on the synthesis of
androgen hormones may cause this effect [36]. Also, green tea may have an important
anti-androgen effect due to its epigallocatechin content, which prevents the conversion of
testosterone to dihydrotestosterone [13], and marjoram is suggested to have mechanisms
(yet to be investigated) that affect adrenal androgen production, other than the established
activation of PPARs that improve hyperandrogenemia [37].

As the strength of this study, all of the trials included in the meta-analysis were RCTs; so,

the results had a high validity. Also, subgroup analyses based on potential covariates were
carried out and the effect of herbal teas was investigated exclusively on PCOS women. The
main limitation of the study was the small numbers of included studies and participants
because the clinical trials that investigated the effects of herbal tea on PCOS women were
rare. Another limitation was considering hirsutism, instead of PCOS, as an inclusion
criterion for participants in a related trial [36]. Another trial has also applied wood betony
(Stachys lavandulifolia) as an herbal tea [38]. So, these investigations could not be included
in the present analysis. The type of placebo in control groups and tea in intervention groups
were not the same in all eligible studies, also the length of intervention varied in the included
studies. Although different herbs could have different effects, it was not possible for us to
separately assess these differences, due to the small number of trials. These differences could
be the source of heterogeneity. Moreover, we could not perform subgroup analysis, meta-
regression, and dose-response analysis for most outcomes of interest due to few numbers of
effect sizes. Inflammatory factors including interleukin 6, tumor necrosis factor o, and high-
sensitivity c-reactive protein were reported as the PCOS outcomes only in one included trial
[15]; so, we could not evaluate the impact of tea supplementation on these biomarkers.

In conclusion, the current systematic review and meta-analysis revealed that herbal tea
supplementation among a total of 235 women with PCOS (119 in the intervention and 116 in
the control group) significantly decreased body weight, BMI, and serum FBG concentrations
and increased FSH level in intervention group compared to control group. Whereas, herbal
tea supplementation did not have significant effect on WHR, HC, WC, body fat, fasting
insulin, glucose/insulin ratio, LH, total testosterone and DHEAS. Further large RCTs with
herbal tea are recommended to affirm these findings.
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SUPPLEMENTARY MATERIALS

Supplementary Figure 1
Quality assessment of included studies assessed the effects of herbal tea supplementation on
polycystic ovarian syndrome in women.
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