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Abstract

Background: Curcumin is the active ingredient in turmeric known to have several benefits in women
diagnosed with Polycystic Ovarian Syndrome (PCOS).

Objective: In this systematic review, we aim to provide a brief review of the existing literature on the
association between curcumin and PCOS.

Methods: Available published papers relevant to the topic were obtained through extensive search
using major databases. Inclusion criteria included studies that investigated PCOS and turmeric/
curcumin. Exclusion criteria included studies that investigated curcumin and other gynecological
disorders, infertility, rodent studies, and any investigations that do not meet the diagnostic criteria for
PCOS.

Results: We found a total of 14 articles and only five studies were incorporated based on our exclusion
criteria. The main findings were that curcumin supplementation can aid in improvements in lipid and
glycemic profile, along with weight reductions and lower androgen levels.

Conclusion: Curcumin supplementation is beneficial for women with PCOS and offers good
cholesterol and glycemic improvement along with weight reduction. However, further research is

required to investigate the
hyperandrogenism.

interaction between curcumin and ovulation/reproduction and
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Introduction

PCOS is the most common endocrine disorder and is the
leading cause of infertility among women of reproductive age
with an incidence rate between 4% to 12% globally [1]. The
incidence of PCOS has been increasing in the U.S.A by almost
close to 18%. There are no racial or ethnic differences in the
prevalence of PCOS [2]. However, there are differences in the
severity of PCOS presentation between ethnicities. For
example, Hispanic women with PCOS present with the most
severe phenotype whereas, non-Hispanic Black women have an
overall milder presentation.

Risk factors for PCOS include menstrual cycle irregularities,
family history of diabetes, family history of infertility, bad
mood, and lack of physical exercise [3]. Women with PCOS
are at an increased risk of Type 2 diabetes or dysglycemia,
infertility, obesity, hypertension, obstructive sleep apnea,
dyslipidemia, and non-alcoholic fatty liver [4]. The
combination of dyslipidemia, hyperglycemia and obesity
predisposes women to coronary artery disease [5].

Clinical features of PCOS include oligomenorrhea, acne,
hirsutism, and obesity [6]. Laboratory features include high,
normal or borderline free testosterone levels, mildly elevated
prolactin, impaired oral glucose tolerance test, or elevated
lipids. Transvaginal ultrasound may show multiple follicular
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cysts on the ovaries. PCOS is a diagnosis of exclusion.
According to the Rotterdam criteria, PCOS diagnosis involves
the presence of two of the following three findings-
hyperandrogenism, ovulatory dysfunction, and polycystic
ovaries [7].

First-line treatment for PCOS includes weight loss and lifestyle
modifications necessary to decrease insulin resistance in those
who are overweight. If the patient desires fertility, metformin,
clomiphene citrate, or letrozole can be used. Research shows
that letrozole results in greater live births and ovulation
compared to clomiphene citrate [8]. If fertility is not desired,
hormonal contraception and intrauterine devices may be
prescribed. To target hirsutism, spironolactone, eflornithine, or
flutamide may be used. These medications are useful to target
hormonal acne as well.

Curcumin is the active ingredient found in turmeric. It has anti-
inflammatory and anti-oxidant properties exerting effects
through gene expression and cellular signalling [9]. Several
studies have documented that curcumin has potent
antimicrobial effects against chronic diseases such as cancer,
diabetes, pulmonary, neurological, cardiovascular, and
autoimmune diseases [10]. In addition, curcumin is found to
have several pharmacologic benefits in patients with PCOS. In
this systematic review, we aim to provide a brief review of the
existing evidence on the association between PCOS and
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curcumin and address potential barriers and prospective
studies.

Materials and Methods

The search was limited to human studies published in English.
No limitations were applied regarding the geography of
participants. Only randomized clinical trials were incorporated
in this study. One author conducted the literature search while
another one verified the data. All published papers relevant to
the topic from inception to July 2021 were obtained through
extensive search using databases such as Google Scholar,
PubMed, and ScienceDirect, using any relevant keywords in
different orders: “Polycystic Ovarian Syndrome”, “PCOS”,
“turmeric”, “nano curcumin”, and “curcumin”. The search
strategy is outlined in Figure 1.

§ articles were excluded because
they were niot in Enclish (N =2)
were rodent sfudies (N

Tnitial scarchusing keywords

revealed 14 articles

5 eligible articles
{all were randomized control tirals)

Figure 1: Search strategy for eligible studies.
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The relevance of the article was determined by reading the
abstract. Inclusion criteria included studies that investigated
PCOS and turmeric or curcumin. Exclusion criteria included
studies that investigated curcumin and other gynecological
disorders, infertility, rodent studies, and any studies that do not
meet the diagnostic criteria for PCOS. Parameters investigated
were glycemic control, lipid profile, and hyperandrogenism.
The Newcastle-Ottawa Scale was used to address the quality of
the eligible studies and the Jadad scale to assess the quality of
the randomized control trials.

Results

The initial search revealed 14 articles. Two articles were
excluded as it was not in English. Based on our exclusion
criteria, six articles were excluded. Only six articles were used
in this review [11-16]. The studies were conducted in Iran. The
sample sizes varied from 60 to 100 women with PCOS. The
curcumin dose ranged from 80 mg to 1500 mg per day with
treatment periods ranging from 6 weeks to 12 weeks. Results
from these studies are evident in Table 1.

Table 1. Characteristics of included studies.

Name of study

Sample size and study design

Objective and procedure

Results

Conclusion

1. Effects of curcumin on body
weight, glycemic control and
serum lipids in women with
polycystic ovary syndrome: A
randomized, double-blind,
placebo-controlled trial [11].

Randomized double-blinded,
placebo-controlled clinical trial.

N=50 (18-40 years of age)
women with PCOS in Arak, Iran

Participants were randomly
allocated to take 500 mg/day
curcumin (N=24) or placebo
(N=26) for 12 weeks. Glycemic
control and serum lipids were
measured at baseline and after
the 12-week intervention. Using
the RT-PCR method, gene
expression related to insulin
and lipid metabolism was
assessed.

Curcumin significantly
decreased weight and BMI,
reduced fasting glucose, serum
insulin, insulin, and significantly
increased insulin  sensitivity
compared to placebo.

Curcumin was associated with
a significant reduction in total
cholesterol, LDL-cholesterol
and total-/HDL-cholesterol ratio
and a significant increase in
HDL-cholesterol PPARYy levels
compared with the placebo.

Curcumin up-regulated gene
expression of PPARy and LDL
receptor compared to placebo.

Curcumin administration for 12
weeks to women with PCOS
can have beneficial effects on
body weight, glycemic control,
serum  lipids except for
triglycerides and VLDL-
cholesterol levels, and gene
expression of PPARy and
LDLR.

2. Effects of  Curcumin| Randomized double-blind | Participants were treated with | Mean fasting plasma glucose| Curcumin might be a safe and
Supplementation on  Blood | placebo-controlled trial. curcumin (500 mg thrice daily) | levels and DHEAS levels were | useful supplement to reduce
Glucose, Insulin  Resistance [ or placebo for 12 weeks.| significantly lower in the| PCOS-associated

) ) . N=67 (18-49 years of age) ) ) . .
and Androgens in Patients with ] ] Primary outcome measures | intervention group compared to | hyperandrogenemia and

X X women with PCOS in Tehran, . N
Polycystic Ovary Syndrome: A Iran were fasting plasma glucose, | the placebo group. hyperglycemia.
Randomized Double-Blind fasting insulin, sex hormone
Placebo-Controlled Clinical Trial levels, and hirsutism.
[12]. Secondary outcomes included
anthropometric measurements.

3. Therapeutic Effect of | Randomized clinic trial. Evaluated the effects of | Fasting insulin, insulin | Combined treatment with
Curcumin in  Women with curcumin nanomicelle on PCOS | resistance, LDL-C and total | metformin and curcumin can

Polycystic Ovary Syndrome
Receiving Metformin: A
Randomized Controlled Trial
[13].

with and without concomitant
metformin use.

Group 1: 50 received 500 mg
metformin TID. Group 2: 50
received 80 mg/day capsule of
curcumin  nanomicelle  and
metformin 500 mg TID for 3
months

testosterone were significantly
lower in group 2 than in group
1. HDL-C levels increased in
group 2. Total cholesterol and
triglycerides decreased in group
2.

lead to improvement in insulin
resistance and lipid profile in
patients with PCOS.
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N=100 women with PCOS in
Iran

Fasting insulin, total
testosterone, HDL-C, LDL-C,
triglycerides, AST and ALT

levels were assessed.

4. The effects of curcumin
supplementation on oxidative
stress, Sirtuin-1 and
peroxisome proliferator-
activated receptor coactivator
1a gene  expression in
Polycystic Ovarian Syndrome
(PCQOS) patients: A randomized
placebo-controlled clinical trial
[14].

Randomized double-blind

clinical trial

N=67 women with PCOS [34
received curcumin 1500 mg
TID, and 33 received placebo
for 3 months] in Tehran, Iran

Gene expression of SIRT1,
PGC1a and serum activity of
Glutathione Peroxidase (Gpx)
and Superoxide Dismutase
(SOD) enzymes were evaluated
at the beginning of the trial and
a 3-month follow-up.

Curcumin supplementation
significantly increased gene
expression of PGC1 alpha and
activity of the Gpx enzyme.
Curcumin. There was a non-

significant increase in gene
expression of SIRT1 and
activity of the SOD enzyme.

Curcumin is an efficient reducer
of  oxidative stress-related
complications in patients with
PCOS

5. Effects of Curcumin on
Glycemic Control and Lipid
Profile in Polycystic Ovary
Syndrome: Systematic Review
with Meta-Analysis and Trial
Sequential Analysis [15].

Systematic Review with Meta-
analysis.

The objective was to investigate
the effects of curcumin on
glycemic control in patients with
PCOS, which is assessed by
fasting glucose, fasting insulin,
Homeostasis Model Assessment
of Insulin Resistance (HOMA-
IR), and quantitative insulin
sensitivity check index (QUICKI).

In terms of glycemic control,
there was an improvement in
fasting glucose and fasting

insulin, and a significant
increase in HOMA-IR, and
QUICKI in those taking

curcumin compared to placebo.

The secondary aim was to
investigate the effects of
curcumin  on lipid profile,
assessed by plasma High-
Density Lipoprotein (HDL), Low-

Density  Lipoprotein ~ (LDL),
triglyceride, and total
cholesterol

In terms of lipid control, HDL
levels increased and total
cholesterol levels decreased in
those taking curcumin. There
was no statistically significant
improvement in LDL and
triglycerides in those taking
curcumin compared to placebo.

A total of 177 studies were
identified using major
databases. Based on exclusion
criteria only three studies were
included in the meta-analysis.

Dosage of curcumin across the
studies ranged from 500 mg to
1500 mg per day and the
treatment period ranged from 6
weeks to 12 weeks.

Curcumin
glycemic

may improve
control and lipid
metabolism in patients with
PCOS and metabolic
abnormality without significant
adverse effects.

6. The effects of curcumin
supplementation on glycemic
status, lipid profile and hs-CRP
levels in  overweight/obese
women with polycystic ovary
syndrome: A randomized,
double-blind, placebo-controlled
clinical trial [16].

Randomized double-blind
clinical trial

N=51 (Intervention  group:
N=27, Curcumin (500 mg/d) or
placebo twice daily for 6 weeks;
Placebo group: N=24) in
Isfahan, Iran

This study aimed to assess the
effects of curcumin
supplementation on glycemic
status, lipid profile and high
sensitivity C-reactive protein
serum levels in women with
PCOS.

Serum insulin and Quantitative
Insulin Sensitivity Check Index
(QUICKI)  were improved
significantly, while Homeostatic
Model Assessment for Insulin
Resistance (HOMA-IR)
improved marginally in the
curcumin-treated group

Curcumin supplementation
might be  beneficial  for
improving serum insulin and
QUICKI. No significant changes
in FBS, serum insulin, HOMA-
IR, and QUICKI were seen.
Serum hs-CRP level was not
affected by curcumin

supplementation

Lipid profile

Lipid profile was investigated at baseline and after curcumin
supplementation. Two studies showed a reduction in total
cholesterol and LDL [17,18]. Three studies showed that the
improvement in HDL cholesterol [19-22] after three consecutive
months of curcumin use compared to placebo or concomitant
metformin use [23].

Glcemic control

In terms of glycemic control, the majority of the studies
reported an improvement in fasting glucose, insulin resistance
and sensitivity [24-29]. Two studies reported improvement in
the Quantitative Insulin Sensitivity Check Index (QUICKI)
[30,31].

Weight management

Only one study reported a statistically significant decrease in
weight and BMI with 12 weeks of curcumin supplementation.
Two studies did not demonstrate a statistically significant
difference in BMI/weight after curcumin supplementation. The
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remaining three studies did not measure BMI/weight changes
as an outcome of curcumin supplementation.

Hyperandrogenism

Four studies did not investigate hyperandrogenism as an
outcome in the study [32]. There was a non-statistically
significant increase in estradiol in the intervention group
compared to the placebo group. Furthermore, there were no
significant changes between the two groups for other hormones
such as LH and FSH [33].

Discussion

This systematic review documented six studies investigating
the association between curcumin and PCOS. The main
findings from this review are that women with PCOS who take
curcumin supplementation have improved glycemic control,
lipid profile, hyperandrogenism, and reduction in weight/BMI
compared to those taking placebo. Specifically, there is a
decrease in insulin resistance, DHEAS, LDL and total
cholesterol, improvement in fasting glucose, HDL, HOMA-IR
and QUICKI.
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Curcumin has pharmacological properties such as antioxidant,
anti-inflammatory, = immunomodulatory, hepatoprotective,
nephroprotective, neuroprotective, anti-cancer, anti-
atherosclerotic, and anti-diabetic properties. The dosage and
route of curcumin administration can influence serum levels.

Glcemic control and lipid profile

The interaction between lipids, glycemic control and curcumin
is complex. Curcumin stimulates insulin-mediated glucose
uptake by the phosphatidylinositol 3-kinase pathway. This, in
turn, upregulates the translocation of glucose transporter 4 to
the membrane of skeletal muscle and adipocytes, leading to an
increase in glucose uptake, thereby decreasing serum glucose
levels.

Curcumin also activates glucose transporter 2 and glucokinases
in the liver by increasing the transcription of PPARy. PPARy
expression can improve glucose homeostasis, insulin
sensitivity which can help prevent progression to overt diabetes
in patients with PCOS.

SIRT1 can promote insulin secretion and increase insulin
sensitivity. Decreases in SIRT1 expression or its activity can
lead to the onset of insulin resistance diseases such as PCOS. A
rodent study reported that SIRT1 expression in ovaries was
lower in PCOS rats compared to controls, suggesting a decline
in SIRT1 expression may be associated with local insulin
resistance in the ovary. Nevertheless, further research is
required to investigate the interaction between SIRTI,
curcumin supplementation, and PCOS.

We found promising improvements in LDL, triglycerides, total
cholesterol, and increases in HDL. They reported that after 12
weeks of curcumin supplementation, there was a significant
improvement in HDL-C, LDL, and triglycerides; however,
glycemic status and weight did not change.

Curcumin upregulates LDL receptors and inhibits cholesterol
and triglyceride synthesis in hepatocytes in addition to
promoting cholesterol metabolism and fecal elimination of bile
acids. Another mechanism by which curcumin reduces
cholesterol and glucose is through its anti-inflammatory
properties. Curcumin is known to reduce tumour necrosis
factor-alpha and interleukin-6 which improves insulin
sensitivity and decreases obesity-related insulin resistance.
Women with PCOS have increased levels of tumour necrosis
factor-alpha and other inflammatory cytokines. Hence,
curcumin supplementation can help reduce pro-inflammatory
cytokines and oxidative stress in women with PCOS.

Hyperandrogenism

Elevations of various androgens including testosterone,
androstenedione and DHEAS are observed in women with
PCOS. Hyperandrogenism in patients with PCOS is due to
excessive activity from the stimulation of luteinizing hormone
and failed downregulation of thecal androgen production. This
can lead to the appearance of mild to severe acne and hirsutism
which can cause significant distress in patients. Theca cells
from polycystic ovaries display dysregulation of steroid
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hormone production. These cells overproduce steroidogenic
enzymes, especially cytochrome P450C17. In addition,
hyperinsulinemia can lead to aggravation of androgen
production as they reduce sex hormone-binding globulin levels
leading to an increase in free androgens.

Curcumin is known to have gonado-protective effects due to its
antioxidant, anti-inflammatory, anti-carcinogenic, and anti-
apoptotic properties, in addition to its ability to modify
androgen and estrogen regulation. There have been anecdotal
reports of long-term topical application of turmeric leading to
slowing or stopping hair growth. Further research is required in
this area.

PPARy agonists can help reduce androgen secretion and
enhance ovulation rates in both obese and non-obese women
with PCOS. In the ovaries, PPARy production is found
primarily in granulosa cells of developing follicles, theca cells,
and the corpus luteum. After the LH surge of the menstrual
cycle, PPARy expression decreases in follicles. The use of
PPARYy agonists such as glitazones can decrease the secretion
of androgens in the ovaries and can modulate the secretion of
certain hormones and immunochemical such as tumour
necrosis factor-alpha, reducing androgen production.

Weight management

One of the primary treatments for PCOS is weight reduction.
This aids in reducing insulin resistance and regulating
menstrual cycles. The mechanism of weight gain may be a
result of insulin resistance, decreased insulin sensitivity,
impaired glucose and lipid control, and oxidative stress. Obese
women with PCOS may experience severe comorbidities such
as higher degrees of insulin resistance, hyperandrogenism and
hyperinsulinemia. Hence, weight loss is recommended as one
of the first management options for these patients.

Once appropriate glycemic and lipid control is achieved, there
may be a sufficient reduction in weight. Exercise and diet also
play a role in PCOS. It is suggested that women with PCOS
limit their intake of gluten and dairy products, and engage in
slow-weighted exercises as opposed to high-intensity
workouts. The use of curcumin can help reduce weight and
BMI. This effect can be a direct result of improvement in
glycemic and lipid control or an increase in metabolism.

Prospective studies

The majority of studies of PCOS have been performed on
rodents. Future studies should investigate the effects of
curcumin on ovulation and reproduction. There is also limited
research on the interaction between androgens and curcumin.
Prospective studies may also investigate if there are ethnic
variations in response to curcumin in women with PCOS. In
addition, since most of these studies were done in Iran, future
studies can investigate if similar results are evident in women
from other countries.



Conclusion

In conclusion, there is a firm association between curcumin
and PCOS. The use of curcumin supplements is strongly
associated with improvements in glycemic control, lipid and
weight management. Incorporating curcumin intake daily for at
least three months may improve health outcomes in women
with PCOS. Further research is required to understand the
interaction between curcumin and ovulation/menstruation and
fertility.
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