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Abstract

Objectives: The aim of this study is to assess the impact of Cinnamomum verum, Mentha spicata, Zingiberene officinal on polycystic
ovary syndrome (PCOS) treatment.

Materials and Methods: MEDLINE, Cochrane Central Register of Controlled Trials (CENTRAL), EMBASE, Scopus, Web of
Science, Google Scholar, ProQuest, Clinicaltrial.gov;, and for Persian articles SID, Magiran, Irandoc, and Iranmedex were searched
without any time limitation.

Results: Thirteen randomized controlled trials (RCTs) consisting 668 women were entered in the meta-analysis. Significant differences
in fasting blood sugar (FBS; weighted mean difference (WMD)=-3.69 mg/dL, 95% CI: -6.67 to -0.7, P=0.02; 241 participants),
fasting insulin (WMD =-4.53 uIU/mL, 95% CI: -6.45 to -2.61, P<0.001;183 participants), triglyceride (TG; WMD =-17.97 mg/
dL, 95% CI: -30.51 to -5.43, P=0.005;183 participants), total cholesterol (TC; WMD=-14.60 mg/dL, 95% CI: -22.93 to -6.26,
P=0.0006; 183 participants), low-density lipoprotein cholesterol (LDL; WMD =-16.58 mg/dL, 95% CI -23.91 to -9.24, P<0.001; 183
participants), malondialdehyde (MDA; WMD =-0.25 nmol/ml, 95% CI -0.41 to -0.09, P<0.002;124 participants), total testosterone
(TT; WMD =-0.18 ng/mL, 95% CI -0.27 to -0.09, P<0.001; 116 participants), free testosterone (FT; WMD =-5.47 pg/mL, 95% CI
-8.34 to -2.61, P=0.0002;78 participants) were obtained by using cinnamon alone and herbal mixture containing cinnamon in
comparison to control.

Conclusions: This meta-analysis showed that cinnamon alone and herbal mixture containing cinnamon improve level of FBS,
fasting insulin, TG, TC, LDL, MDA, TT, and FT serum level.
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Introduction
Polycystic ovary syndrome (PCOS) is the most common
endocrine disorder among women of child-bearing age
that affects 6%-26% of reproductive age population (1).
The most common symptoms of this syndrome include
elevated androgens, irregular or no menstrual cycles,
hirsutism, insulin resistance and difficulty getting pregnant
(2). Associated conditions include type 2 diabetes,
obesity, heart diseases, and endometrial cancer. Although
insulin resistance is not criteria for the PCOS diagnosis,
the prevalence is 50%-70% (3). Hyperinsulinemia
could contribute to PCOS pathogenesis by elevating
androgen secretion, disrupting menstrual cyclicity and
folliculogenesis (4). The relationships between sex steroids
and the hypothalamic gonadotropin releasing hormone
(GnRH) modulated level of physiological gonadotropin
(5). In women with PCOS, higher GnRH pulse frequencies
lead to increase secretion of

Luteinizing hormone (LH) to follicle-stimulating
hormone (FSH) secretion. As a consequence, the enhanced
pituitary-released LH secretion and reduced FSH not only

contribute to impaired folliculogenesis, but also seem to
cause androgen over production by follicular theca cells
whereas lower FSH levels cause to anovulation (6).

On the other hand, studies declare that reactive oxygen
species (ROS) has been associated with PCOS, oxidative
stress (OS) in excess level damage cellular functions and
by influencing ovulation can affect female fertility (7).
Also, OS products exposed to islets, impaired insulin
secretion and lead to glucose oxidation (8).

Cinnamomum zeylanicum Nees (Cinnamon) from the
Lauraceae family has been known for its antioxidant and
anti-inflammatory properties and by phenolic content
particularly cinnamaldehyde as an antioxidant, improves
serum level of superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPX), and decreases
malondialdehyde (MDA) level, elevated rate of pregnancy
(9). It also decrease level of fasting blood sugar (FBS)
and insulin as well as, total cholesterol (TC), low-density
lipoprotein (LDL), and triglyceride (TG) (10).

Zingiber officinale Roscoe (ginger) from Zingiberaceae
family reduces serum levels of FBS, insulin and LDL-C/
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HDL-C (11). Some studies have shown that ginger elevates
the antioxidant capacity in blood, as well as enhance the
serum levels of SOD, CAT, and GPX (12).

Mentha  spicata  (spearmint) from Lamiaceae
family, widely spread in the temperate zone, has anti-
inflammatory, anti-diabetic, and decreases testosterone
production, has anti-androgen properties, improves
hirsutism and has anti-inflammatory, anti-diabetic, and
anticancer virtues (13). Moreover, spearmint improves
ovarian cysts in PCOS by reducing atretic follicles, and
enhancing graafian follicles (14).

The purpose of the present systematic review and
meta-analysis was to appraise the outcomes from
published randomized controlled trials (RCTs) and
quasi experimental studies and investigate the impact of
herbal medicine supplementation on clinical and para-
clinical outcomes in women affected by PCOS. We also
appraised the hypothesis “potency of herbal medicine
supplementation in PCOS women has beneficial effects”
Similar studies have been published (15-17). However,
authors aimed to omit the irrelevant data and perform it
in a strictly focused way.

Materials and Methods

Search Strategies and Information Sources

The present study has been designed based on Cochrane
Collaboration handbook guidelines (18) and Techniques
and Guides for Systematic Reviews and Meta-Analyses:
the PRISMA statement (19, 20). The primary aim of this
systematic review and meta-analysis was to examine the
para-clinical outcomes (FBS, insulin, homeostasis model

assessment-insulin resistance [HOMA-IR], quantitative
insulin sensitivity check index [QUICKI], TG, TC,
LDL-C, HDL-C, very low-density lipoprotein [VLDL],
FSH, LH, free testosterone [FT], total testosterone
[TT], estradiol [E2], MDA, SOD, GPx, CAT, thyroid-
stimulating hormone [TSH], free thyroxine [FT4], free
triiodothyronine [FT3]) and clinical outcomes (like
body weight, body mass index [BMI], hirsutism, acne,
oligomenorrhea, amenorrhea, menstrual regulation, and
the rate of pregnancy) were considered as a secondary
outcome. Two authors (N.A. and A.F-Kh.) systematically
searched literature using electronic database including
MEDLINE (PubMed), Cochrane Central Register of
Controlled Trials (CENTRAL), EMBASE, Scopus, Web of
Science, Google Scholar, ProQuest, Clinicaltrial.gov, and
for Persian articles SID, Magiran, Irandoc, and Iranmedex
were used based on title and abstract without any time
limitation (Figure 1). For literature extraction, MeSH
terms from online source were designed as following:
(“polycystic ovarian syndrome” OR “polycystic ovary
syndrome” OR “Polycystic Ovary Syndrome 17 OR
“PCOS” OR “polycystic ovary disease” OR “Sclerocystic
Ovarian Degeneration” OR “ovary sclerocystic” OR
“sclerocystic ovary syndrome” OR “Sclerocystic Ovaries”
OR “Stein Leventhal Syndrome”) AND (“Zingiber
officinale” OR “Ginger”) AND (“Cinnamomum verum”
OR “Cinnamomum zeylanicum” OR “cinnamon*” OR
“Cinnamomin”) AND (“Mentha spicata” OR “spearmint”)
AND (“herb*”).

It is worth noting that the references of all obtained
articles were searched as well to identify any additional

= Records identified through Additional records identified
2 database searching through other sources
é (n=9113) (n=43)
5 ¢ # Records excluded (n= 784)
= Records after duplicates removed ¢ Not human study (n=379)
(n=5861) e Being irrelevant, and conducted
on laboratory scale (n=260)
) # o Evaluate various herbal medicines
) .
= Records screened on PCOS except cinnamon,
§ (n=804) ginger, and spearmint (n=98)
@ 615 titles, 115 abstracts, 74 full texts * Evaluate cinnamon, ginger, and
spearmint on other conditions
# other than PCOS (n=47)
Full-text articles assessed for
Z eligibility Records were excluded (n=4)
E (n=20) e as a single pharmacological
B therapy
= v
Studies included in Records were excluded (n=3)
qualitative synthesis e control group consumed cinnamon
(n=16) that none of them could be account
as control group (n= 1)
E # © had less relevant outcomes (n=2)
= Studies included in
E quantitative synthesis (meta-
analysis)
(n=13)

Figure 1. Diagram for the Search and Selection Process of Articles.
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relevant studies on the same topic.

After the initial search, 2 authors in terms of publishing
new articles related to the purpose of this study conducted
searching via regular weekly searches of CENTRAL,
Scopus, EMBASE, MEDLINE (PubMed), Web of Science,
Google Scholar, ProQuest as well as Persian databases
such as Iranmedex, SID, Irandoc, and Magiran.

EndNote (version X7) (Philadelphia, PA) was employed
to manage and store the references by the mentioned
strategies.

Eligibility Criteria

To identify eligible trials, 3 researchers (N.A., A.F-Kh., and
A Kh.) independently screened titles, abstracts, and full
text of selected papers in detail. For inclusion, the relevant
studies were separately reviewed by (N.A., A.E Kh,
and A.Kh) to omit duplicate cases. Then the potentially
qualified full text for citations was evaluated by two of the
reviewers. In the case of disagreements on qualification,
these were resolved by discussion with the third author.
The PICOS format and search keywords (Participants,
Interventions, Comparators, Outcomes, and Study design)
was used to examine the study eligibility criteria (Table 1).

Inclusion Criteria

All quasi-experimental and RCTs studies that investigated
cinnamon, spearmint, ginger lonely or in combination
with other herbs which were compared with placebo
or control as standard treatment in PCOS patient were
included in this review and meta-analysis. All English and
Persian language studies were included and chosen studies
investigate the effect of herbal medicine supplementation
on various indices like body weight, BMI, FBS, insulin,
HOMA-IR, QUICKI, TG, TC, LDL-C, HDL-C, VLDL,
ESH, LH, FT, TT, E2, MDA, SOD, GPx, CAT, TSH, FT4,
FT3, hirsutism, acne, oligomenorrhea, amenorrhea,
menstrual regulation, and the rate of pregnancy in PCOS
women.

Exclusion Criteria
Semi-experimental articles, review studies, animal studies,

Table 1. PICOS Criteria for Inclusion and Exclusion of Studies

study protocols, letters, and trials without a control arm
were not incorporated.

A total of 9156 free full text citations were detected.
After title, abstract, and full text evaluation, 20 eligible
studies were retrieved for full text revision. Four of studies
based on mentioned eligibility criteria in Figure 1 were
excluded. Finally, 16 studies met the selection criteria

Data Extraction

Including the data from all eligible articles that contained
the following elements: Author name (year), type of
study, sample size, sex, drug, country, participant age,
intervention (dosage and frequency), comparison (dosage
and frequency), duration of follow-up, outcomes (primary
/secondary), method of measurements, results, side
effects. Any disagreements for screening among authors
were resolved by consultation with other author (EB.).

Risk of Bias Assessment
The judgment for parallel group trials involves assessing
the random sequence generation (selection bias),
allocation concealment (selection bias), masking of
participants and personnel (performance bias), masking
of outcome assessment (detection bias), incomplete
outcome data (attrition bias), and selective reporting
(reporting bias) by 2 authors (N.A. and A.F-Kh.) based on
Cochrane Collaboration’s tool (21).

Any disagreements were solved by consulting the fifth
author (A.Kh.). Risk of bias is evaluated as low, high, or
unclear.

Data Synthesis and Analysis

To perform meta-analysis, Review Manager (RevMan
v5.3, The Cochrane Collaboration, Oxford, UK) were
used. Mean differences (MD) were calculated with 95%
confidence intervals (CIs) based on intention-to-treat
analysis for all included papers if possible. Otherwise,
available data were used. The mean + SD were calculated
for all outcomes. If not available, they were obtained from
other dispersion measures and central tendency reported
in article like median and interquartile range (18).

Parameter Determined criteria for present study

Participants

Women aged 12-42 years who were treated with Cinnamomum zeylanicum Nees, or Mentha spicata, or Zingiberene officinale
lonely or in combination with other herbs for polycystic ovary syndrome

Cinnamomum zeylanicum Nees, or Mentha spicata, or Zingiberene officinale without restrictions regarding dose (e.g., high,

Intervention . . - .
low), dosing interval (e.g., daily, weekly), and pharmaceutical form (e.g., extract or powder in capsule, tea)

Comparator Placebo or control (metformin, clomiphene citrate, wheat flour, starch)
Any beneficial effect of Cinnamomum zeylanicum Nees, or Mentha spicata, or Zingiberene officinale supplementation on
serum antioxidants (CAT, GPX, SOD, MDA), glycemic biomarkers (insulin, insulin resistance, and FBS), sex steroids (FSH,

Outcomes LH, free-testosterone (T), total-testosterone (TT), and estradiol (E2)), lipid profile (TC, TG, LDL-C, HDL-C, and VLDL-C),
anthropometric indices (weight, BMI, waist circumference, waist to hip), clinical features (hirsutism, acne, oligomenorrhea,
amenorrhea, menstrual regulation, and the rate of pregnancy), thyroid hormones (FT4, FT3, TSH)

Study design RCTs or quasi-experimental studies.
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Moreover, according to SD = SEM * sqrt (N) equation,
SEM convert to SD. The changes of the mean (SD) of all
continuous variables were used for computing MDs with
95% confidence intervals (CIs). In studies that reported
only the (means SDs) in the baseline and follow-up
measurements for each group, the means and SDs for
change in the outcome were computing for the study
groups. The mean changes for continuous outcome as the
follow-up period minus measurement at baseline. Change
score of SD was calculated as:

SDchange score — JSD;f + SD]Z —2%1x 8Dy SDf

SD,: SD at baseline, SD: SD at follow-up, and r:
correlation between baseline and the follow-up score (22).
The statistical heterogeneity across trials were assessed by
I? statistic, which describes the percentage of variation, and
value of I? greater than 50% was considered heterogeneous.
All results were presented as random-effect model when
the detected heterogeneity was significant. Otherwise, a
fixed-effect model was used for minimal heterogeneity.
Result of this study. Forest plot displayed estimated results.

Results

Literature Search

The details and reasons for study selection and exclusion of
research are shown in figure 1. 16 RCTs met the inclusion
criteria and were obtained for fulltext detail review. Upon
further scrutiny, 1 of 16 RCTs, which had less relevant
outcomes (23) and one of them did not include original
data (24) and the last one consumed cinnamon in both
control and intervention group (25) were excluded from
meta-analysis.

Selected Articles

A total of 9156 articles were identified; of these, 5861
researches were excluded as duplicate and 804 relevant
papers were screened for inclusion. Then, 784 of them
were excluded as not clinical trial research, irrelevant,
conducting on laboratory scale, evaluating various herbal
medicines except cinnamon, ginger, and spearmint on
PCOS, or investigating cinnamon, ginger, and spearmint
effectiveness on other disorders (except PCOS). Finally,
out of 16 articles, 13 were included in the meta-analysis,
and 3 (23-25) were reviewed (Figure 1).

Description of Studies

The included RCTs and quasi-experimental papers
were published from 2007-2019. From 16 articles, 15
were written in English and 1 in Persian. Eight articles
measured cinnamon efficacy on PCOS alone (24,26-32),
and another 8 articles measured herbal mixture that all
of them contain cinnamon along with other herbs like
spearmint, ginger, Glycyrrhiza glabra, etc (15,16,25,33-35);
just one RCT evaluated spearmint effect in PCOS women

(13). Studies were conducted in United States, Australia,
the United Kingdom, Japan, Iran, India, Indonesia, and
Egypt. There was considerable methodological and
clinical heterogeneity among studies with respect to study
length and dose of supplement. The details of these studies
are summarized in Table S1-S3 (See Supplementary file 1).

Risk of Bias in Included Studies

The risk of bias rating for each included study was
evaluated according to researchers’ decisions which are
shown in Figures 2 & 3 and Table 2.

Random sequence generation (selection bias) _:I

Allocation concealment (selection bias) _:l

Blinding of participants and personnel (performance bias) -:—
Blinding of outcome assessment (detection bias) -j
Incomplete outcome data (attrition bias) _:

Selective reporting (reporting bias) _:l

Iﬂ% Iﬁl% 50.% 75‘% 1I]Ifl%I

| [ Low risk of bias [ unciear risk of bias [l Hioh risk of bias |

Figure 2. Risk of Bias Graph: review authors’ judgments about each risk
of bias item presented as percentages across all included studies.
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Figure 3. Diagram of Bias in the Included Studies.
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Efficacy of Intervention

Effect of cinnamon alone and herbal mixture containing
cinnamon and other herbs versus placebo or control on BMI
Seven trials (16,26,27,31,33-35) with 538 participants
evaluated the effect of cinnamon alone and herbal mixture
versus placebo or control on BMI level. As the I* of 89%
represents significant heterogeneity among the studies
(P < 0.001), a random effect model was applied to pool
outcomes. The calculated overall effect size illustrated
that the differences between 2 groups was not statistically
significant (MD= -1.1 kg/m? 95% CI: -2.7 to 0.49, P =
0.18; Figure Sla).

Subgroup analysis of BMI to evaluate the efficacy of
cinnamon alone versus placebo

Three trials (26,27,31) with 163 participants just studied
effect of cinnamon alone versus placebo, and studies
of herbal mixture and groups consumed metformin
were excluded. As the I* of 0% represents no statistic
heterogeneity among the studies (P = 0.84), a fixed effect
model was applied to pool the outcomes. The obtained
overall effect size illustrated a statistically significant
difference in the BMI level in PCOS women consumed
cinnamon supplement, meaning that take of cinnamon
supplements in women suffer from PCOS led to a
significant lower BMI level (MD= -0.69 kg/m? 95% CI:
-1.03 to -0.35, P < 0.001; Figure S1b).

Effect of cinnamon alone and herbal mixture containing
cinnamon and other herbs versus placebo or control on
weight

Three trials (27,30,34) with 265 participants evaluated
the effect of cinnamon alone and herbal mixture versus
placebo or control on weight. As the I? of 0% represents
no statistic heterogeneity among the studies (P = 0.87), a
fixed effect model was applied to pool the outcomes. The
calculated overall effect size illustrated that the differences
between two study groups was not statistically significant

(MD= -1.22 kg, 95% CI: -4.61 to 2.16, P = 0.48; Figure
Slc).

Effect of cinnamon alone and herbal mixture containing
cinnamon and other herbs versus placebo or control on
waist circumference

Two trials (27,34) with 181 participants evaluated the effect
of cinnamon alone and herbal mixture versus placebo or
control on waist circumference. As the I? of 0% represents
no statistic heterogeneity among the studies (P = 0.72), a
tixed effect model was applied to pool the outcomes. The
estimated overall effect size illustrated that the differences
between two study groups was not significant (MD=
-2.53cm, 95% CI: -6.47 to 1.41, P = 0.21; Figure S1d).

Effect of cinnamon alone and herbal mixture containing
cinnamon and other herbs versus placebo or control on FBS
Five trials (16, 27, 29-31) with 241 participants evaluated
the effect of cinnamon alone and herbal mixture versus
placebo or control on FBS level. As the I* of 54% represents
high heterogeneity among the studies (P = 0.07), a random
effect model was applied to pool outcomes. The estimated
overall effect size demonstrated a statistically significant
diverse in the FBS level in PCOS women taking cinnamon
alone and herbal mixture supplement, meaning that
cinnamon and herbal mixture supplementation had a
significant decrease in the FBS level (MD= -3.69 mg/dL,
95% CI: -6.67 to -0.7, P = 0.02; Figure Sle).

Subgroup analysis of FBS to evaluate the efficacy of
cinnamon alone versus placebo

Three trials (27,30,31) with 163 participants just studied
effect of cinnamon alone versus placebo, and studies of
herbal mixture and groups consumed metformin were
excluded. As the I? of 67% represents high heterogeneity
among the studies (P = 0.05), a random effect model was
applied to pool outcomes. The obtained overall effect
size illustrated a statistically meaningful diversion in the

Table 2. Risk of Bias in RCTs and Quasi-experimental Studies According to the Cochrane Collaboration’s Tool for Assessing the Risk of Bias in Randomised

Clinical Trials

Bias risk (26) (27) (28) (24) (29) (30) (31) (32) (33) (34) (25) (23) (35) (16) (15) (13)
Random sequence $1 1 1 1 1 3 1 3 1 1 3 1 1 1 1
generation (selection bias)

Allocattlon c.oncealment 3 3 1 3 1 3 3 3 3 1 1 3 3 1 1 3
(selection bias)

Blinding of participants an.d 3 1 3 ) 3 3 3 3 ) 1 3 ) ) ) )
personnel (performance bias)

Blinding of outcom? . 3 1 3 2 3 3 3 3 2 1 3 2 2 2 2
assessment (detection bias)

Incorn.plete. outcome data 1 1 5 3 3 1 3 3 3 3 1 5 5 1 1 3
(attrition bias)

Sglechve reporting (reporting 1 1 1 3 3 1 3 3 3 3 1 3 3 1 1 3
bias)
Note. 1: Low risk (+); 2: High risk (-); 3: unknown risk.
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FBS level in PCOS women taking cinnamon supplement,
meaning that intake of cinnamon supplements in women
with PCOS caused a significant lower FBS level (MD=
-5.17 mg/dL, 95% CI: -9.75 to -0.58, P = 0.03; Figure S1f).

Effect of cinnamon alone and herbal mixture containing
cinnamon and other herbs versus placebo or control on
HOMA-IR

Six trials (16,27,28,0-32) with 295 participants evaluated
the effect of cinnamon alone and herbal mixture versus
placebo or control on HOMA-IR level. As the I* of 96%
represents high heterogeneity between the studies (P
< 0.001), a random effect model was applied to pool
outcomes. The obtained overall effect size indicated that
the diversity between two study groups was not statistically
meaningful (MD= -0.8, 95% CI: -1.74 to 0.13, P = 0.09;
Figure S1g).

Subgroup analysis of HOMA-IR to evaluate the efficacy of
cinnamon alone versus placebo

Five trials (27, 28, 30-32) with 255 participants just
studied effect of cinnamon alone versus placebo, and
one study of herbal mixture (16) was excluded. As the I?
of 96% represents high heterogeneity among the studies
(P < 0.001), a random effect model was applied to pool
outcomes. The calculated overall effect size illustrated
that the differences between two study groups was not
meaningful (MD= -0.77, 95% CI: -1.84 to 0.30, p= 0.16;
Figure S1h).

Effect of cinnamon alone and herbal mixture containing
cinnamon and other herbs versus placebo or control on
fasting insulin

Three trials (16,27,30) with 183 participants evaluated
the effect of cinnamon alone and herbal mixture versus
placebo or control on fasting insulin level. As the I* of 0%
represents no statistic heterogeneity among the studies
(P = 0.57), a fixed effect model was applied to pool the
outcomes. The obtained overall effect size illustrated a
statistically meaningful diversity in the fasting insulin
level in PCOS women taking cinnamon alone and herbal
mixture supplement, meaning that taking cinnamon alone
or as herbal mixture supplements in females with PCOS
caused a significant lower fasting insulin level (MD= -4.53
ulU/mL, 95% CI: -6.45 to -2.61, P < 0.001; Figure S1i).

Effect of cinnamon alone and herbal mixture containing
cinnamon and other herbs versus placebo or control on TG
Three trials (15,26,27) with 183 participants evaluated
the effect of cinnamon alone and herbal mixture versus
placebo or control on TG level. As the I* of 24% represents
no statistic heterogeneity among the trials (P = 0.27), a
fixed effect model was applied to pool the outcomes.
The obtained overall effect size illustrated a statistically
significant diversity in the TG level in PCOS women
taking cinnamon alone and herbal mixture supplement,

meaning that consumption of cinnamon alone and herbal
mixture supplementation in women suffering from PCOS
caused a significant lower TG level (MD= -17.97 mg/dL,
95% CI: -30.51 to -5.43, p= 0.005; Figure S1j).

Effect of cinnamon alone and herbal mixture containing
cinnamon and other herbs versus placebo or control on TC
Three trials (15,26,27) with 183 participants evaluated
the effect of cinnamon alone and herbal mixture versus
placebo or control on TG level. As the I? of 0% represents
no statistic heterogeneity among the studies (P = 0.58), a
fixed effect model was applied to pool the outcomes. The
calculated overall effect size illustrated a diversity in the
TC level in PCOS women taking cinnamon alone and
herbal mixture supplementation, meaning that taking
cinnamon alone and herbal mixture supplementation in
females with PCOS caused a significant lower TC level
(MD= -14.60 mg/dL, 95% CI: -22.93 to -6.26, P = 0.0006;
Figure S1k).

Effect of cinnamon alone and herbal mixture containing
cinnamon and other herbs versus placebo or control on LDL
Three trials (15,26,27) with 183 participants evaluated
the effect of cinnamon alone and herbal mixture versus
placebo or control on LDL level. As the I* of 17%
represents no statistic heterogeneity among the studies
(P = 0.30), a fixed effect model was applied to pool the
outcomes. The obtained overall effect size illustrated
a statistically meaningful diversity in the LDL level in
PCOS women consumed cinnamon alone and herbal
mixture supplementation, meaning that consumption of
cinnamon alone and herbal mixture in women suffer from
PCOS caused a significant lower LDL level (MD = -16.58
mg/dL, 95% CI: -23.91 to -9.24, P < 0.001; Figure S1I).

Effect of cinnamon alone and herbal mixture containing
cinnamon and other herbs versus placebo or control on HDL
Three trials (15,26,27) with 183 participants evaluated
the effect of cinnamon alone and herbal mixture versus
placebo or control on HDL level. As the I* of 77% represents
high heterogeneity among the studies (P =0.01), a random
effect model was applied to pool outcomes. The obtained
overall effect size illustrated that the differences between 2
groups was not statistically significant (MD= 6.58 mg/dL,
95% CI: -0.39 to 13.55, P = 0.06; Figure S1m).

Effect of cinnamon alone and herbal mixture containing
cinnamon and other herbs versus placebo or control on
MDA

Two trials (16,26) with 124 participants evaluated the
effect of cinnamon alone and herbal mixture versus
placebo or control on MDA level. As the I? of 0% represents
no statistic heterogeneity among the studies (P = 0.33), a
fixed effect model was applied to pool the outcomes. The
obtained overall effect size demonstrated a statistically
significant difference in the MDA level in PCOS women
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taking cinnamon alone and herbal mixture supplement,
meaning that supplementation with cinnamon alone
and herbal mixture in women suffer from PCOS led to a
significant lower MDA level (MD= -0.25 nmol/mL, 95%
CI: -0.41 to -0.09, P < 0.002; Figure S1n).

Effect of herbal mixture containing cinnamon and other
herbs versus placebo or control on FSH

Two trials (15,35) With 215 participants evaluated the
effect of herbal mixture versus placebo or control on FSH
level. As the I* of 0% represents no statistic heterogeneity
between the studies (P = 0.36), a fixed effect model was
applied to pool the outcomes. The obtained overall effect
size illustrated that the differences between 2 groups was
not significant (MD=-0.07 mIU/mL, 95% CI: -0.47 to
0.34, P = 0.75; Figure Slo).

Effect of herbal mixture containing cinnamon and other
herbs versus placebo or control on LH

Two trials (15,35) with 215 participants evaluated the
effect of herbal mixture versus placebo or control on LH
level. As the I* of 0% represents no statistic heterogeneity
between the studies (P = 0.50), a fixed effect model was
applied to pool the results. The estimated overall effect
size demonstrated that the differences between 2 groups
was not statistically significant (MD= -0.61 mIU/mL, 95%
CI: -1.24 t0 0.01, P = 0.05; Figure S1p).

Effect of cinnamon alone and herbal mixture containing
cinnamon and other herbs versus placebo or control on TT
Three trials (15,27,28) with 116 participants evaluated
the effect of cinnamon alone and herbal mixture versus
placebo or control on TT level. As the I? of 0% represents
no statistic heterogeneity among the studies (P = 0.56),
a fixed effect model was applied to pool the outcomes.
The obtained overall effect size illustrated a significant
difference in the TT level in PCOS women taking
cinnamon alone and herbal mixture supplementation,
meaning that supplementation with cinnamon alone and
herbal mixture in PCOS patients led to a significant lower
TT level (MD= -0.18 ng/mL, 95% CI: -0.27 to -0.09, P <
0.001; Figure S1q).

Effect of cinnamon alone and herbal mixture containing
cinnamon and other herbs versus placebo or control on FT

Two trials (15,29) 78 participants evaluated the effect of
cinnamon alone and herbal mixture versus placebo or
control on FT level. As the I? of 0% represents no statistic
heterogeneity between the studies (P = 0.48), a fixed effect
model was applied to pool the outcomes. The estimated
overall effect size demonstrated a significant difference
in the FT level in PCOS patients taking cinnamon alone
and herbal mixture supplementation, meaning that taking
cinnamon alone and herbal mixture led to a significant
lower FT level (MD= -5.47 pg/mL, 95% CI: -8.34 to -2.61,
P =0.0002; Figure Slr).

There is just one clinical trial that has investigated anti-
androgen effect of spearmint on PCOS is as follows:
Grant et al (13) conducted a study to determine the
spearmint efficacy on hirsutism in PCOS cases. This
study lasted 30 day randomized controlled trial duration.
Forty-two PCOS patients consumed spearmint tea twice
a day and compared with a placebo (chamomile tea).
At baseline and after intervention, serum androgen and
gonadotropin levels were checked. There was a significant
decrease in free and total testosterone in spearmint tea
group (3.64 (2.67) versus 5.12 (2.14), P<0.05) and (0.62
(0.34) versus 0.81 (0.39), P<0.05) respectively. Degree of
hirsutism according to the modified DQLI (Dermatology
Quality of Life Index) significantly reduced (P <0.05).
Ushiroyama et al (23) by quasi-experimental study
concluded that rate of ovulation improved in the both
groups who were prescribed mixture of herbs that one
group’s herbal mixture contained cinnamon as well (Table
S2). Moreover, RCT of Lai et al (25) had cinnamon in
both intervention and control group herbal mixture, so it
was excluded from meta-analysis. But it is worth noting
that menstrual rate and hirsutism improved significantly
(Table S2). Wang et al (24) in their quasi-experimental
study did not report any standard deviation (SD) and
p value, so we could not pool any data of this paper in
meta-analysis. However, it should be mentioned that after
8-weeks treatment level of FBS reduced in both cinnamon
and placebo group (P <0.03) and level of QUICKI, HOMA-
IR, OGTT, and insulin improved just in cinnamon group
(P<0.03) (Table S1).

Discussion
This systematic review and meta-analysis investigated
the effectiveness of cinnamon alone and herbal mixture
supplementation on glycemic control, sex steroids,
lipid profiles, and anthropometric indices in patients
with PCOS. Therefore, the studies assessed the effect of
cinnamon alone and herbal mixture in combination with
other treatment in PCOS. This meta-analysis illustrated
that cinnamon alone and herbal mixture may lead to
an improvement in FBS, fasting insulin, TG, TC, LDL,
MDA, TT, and FT levels, but did not affect weight, waist
circumference, HOMA-IR, HDL, FSH, and LH. In case
of BMI, cinnamon alone significantly decrease this level;
however, herbal mixture had not significant effect.
According to the results of this meta-analysis, both
herbal mixtures containing cinnamon and cinnamon
alone significantly decrease serum level of insulin and
FBS; however, in case of HOMA-IR neither cinnamon
nor herbal mixture could not improve serum level of it. In
fact, a study of herbal mixture done by Ainehchi et al (16),
and studies of cinnamon alone which were conducted
by Borzoei et al (26), Hajimonfarednejad et al (27), and
Salehpour et al (32) in PCOS concluded that HOMA-IR
concentration remarkably reduced at the end of treatment;
however Kort et al (28) derived that cinnamon increase
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level of HOMA-IR from 2.3 (1.4-2.8) to 2.5 (0.97-3.3), and
placebo reduce this factor from 1.8 (0.71-3.3) to 1.2 (0.78-
2.6), and this makes the final result inverse. So, it seems
conducting more trials in this regard.

Hyperinsulinemia as a significant feature of PCOS by
enhancing the activity of P450c-17a, and reducing sex
hormone-binding globulin (SHBG) level as well as insulin-
like growth factor binding protein-1 (IGFBP-1) boost the
androgen secretion through theca-interstitial and stromal
cells (36). Furthermore, it is worth noting that disturbance
in GnRH pulsatility in PCOS patients not only lead to
enhance of LH to FSH, but also responsible for increasing
level of LH by abnormal feedback mechanism via ovarian
estrogen (37).

Many studies have indicated that hyperglycemia can
increase OS through some non-enzymatic mechanism
like inducing the intercellular ROS and generation
of electrochemical proton gradient produced by
mitochondria which result in deviation of OS (38). In
addition, an imbalance between oxidant-antioxidant
reduce insulin secretion from pancreatic B cells, insulin
resistance, and ovarian disorders (39). Also, OS species
reaction with lipids cause to elevate peroxidation
derivation like MDA (40).

In a study to explore the mechanism of cinnamon on
improving insulin resistance, cinnamon reduced level of
insulin-like growth factors (IGF-I) and increased level
of IGFBP in plasma as well as in ovary tissue to show
that cinnamon significantly enhanced insulin sensitivity
(41). Cinnamon contains procyanidin polyphenol type-A
polymers, which by stimulating autophosphorylation
of the insulin receptor and inhibiting protein tyrosine
phosphatase I improve insulin sensitivity (42). Also,
cinnamon extract by activating glycogen synthase and
regulating insulin signaling enhances liver glycogen and
improves insulin sensitivity (43), and through enhancing
glucosidase enzymes and inhibition of intestinal ATPase
decreases absorption of glucose in the small intestine
epithelium (44). Polyphenolic compounds of cinnamon
such as quercetin, rutin, catechin, kaempferol, and
catechin have insulin-like activity (45). The mechanism
by which cinnamon regulates blood sugar levels was
explained in Hafizur et al (46) study who confirmed that
oral administration of 5 and 10 mg/kg cinnamic acid
exerts anti-diabetic activity; as well as improves glucose
tolerance by stimulating insulin secretion from pancreas
islets. Moreover, Cheng et al (47) valued cinnamon extract
that by decreasing gene expression phosphoenolpyruvate
carboxykinase and glucose-6-phosphatase as two principal
regulators of hepatic gluconeogenesis have insulin like
and hypoglycemic effect.

Forest plot of this study demonstrate that serum level
of TC, LDL, TG reduced more significantly in herbal
mixture (15) in comparison with 2 studies (26, 27) which
consumed cinnamon alone. Also, it is worth noting that
both Hajimonfarednejad et al (27) and Borzoei et al (30)

research which prescribed 500 mg cinnamon capsule for
3 times a day for 12 and 8 weeks respectively, the serum
level of FBS and insulin of PCOS women in Borzoei et al
(30) study reduced much more than Hajimonfarednejad
et al (27) study; however the study duration was lesser
than Hajimonfarednejad et al. From perspective of
mechanism, insulin resistance decreases the activity of
hormone-sensitive lipase in adipose tissue and prevents
hepatic lipase activity in liver, leading to release free fatty
acids (48). Moreover, Khan et al (49) approved that by
consuming 1-6 g cinnamon a day for 40 days, level of FBS,
TG, LDL, TC decreased in people with type 2 diabetes,
however changes of HDL were not significant, which is
consistent with our systematic review and meta-analysis.
Several studies declared that cinnamaldehyde as active
components of cinnamon has anti-hyperlipidemic effect
by improving lipid metabolism; however, the underlying
mechanisms remain elusive (50,51). Also, cinnamon
extract by elevating expression of PPARa lowers plasma
TG, and cholesterol levels and elevates HDL levels, while
by activating PPARy improves insulin resistance (50).

The meta-analysis of this study demonstrated the FT
and TT level of PCOS patient who consumed cinnamon
alone or herbal mixture reduced. The main characteristics
of PCOS is hyperinsulinemia which promote androgen
secretion and disrupt menstrual cyclicity (4,52,53). Dou
et al (41) showed that orally administrated cinnamon
extract down-regulate testosterone which were consistent
with our results.

Strengths and Limitations
This systematic review and meta-analysis were
accomplished by a complete and sensitive search strategy
with the collaboration of research librarian. This study
focused on the effect of cinnamon, ginger, spearmint and
mixture of them on women with PCOS. Although the
studies that evaluate the effect of ginger alone on PCOS
could not be found, in herbal mixture it was investigated.
Due to the adequate number of included studies in this
meta-analysis, we could perform sub-group analysis based
on taking cinnamon alone compared to placebo for FBS,
HOMA-IR, and BMI

Considering the limitations that exist in these papers
regarding the high degree of data heterogeneity and the
short duration of intervention and small sample size
of studies, which may limit our capability to extract
inferences on the effect of long-term herbal medicine
supplementation, it is suggested that further studies are
needed to evaluate the medicinal herb for long duration
as well as follow-up patients for 3-6 months because it
is required support for safety. It is suggested that more
research be made on ginger effects on PCOS, because no
clinical trial studies were found in this area. Risk of bias
of included articles were high, it is better to design RCTs
and quasi-experimental studies with high quality and low
risk factors.
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Conclusions

This meta-analysis showed that cinnamon alone and
herbal mixture containing cinnamon and other herbs may
lead to an improvement in FBS, fasting insulin, TG, TC,
LDL, MDA, TT, and FT serum level, but did not affect
weight, waist circumference, HOMA-IR, HDL, FSH, and
LH serum levels. However, the potential benefit is evident
regardless of dose. Considering the high serum level of
glycemic biomarkers and lipid profile in PCOS women in
the included studies, it is possible that these women benefit
more from cinnamon and herbal mixture supplements.
Therefore, it seems that further studies are necessary.
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