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Abstract
Background: This study aims to assess the therapeutic effects of a well-known component (puerarin) obtained from a Chinese
herb root in patients with polycystic ovary syndrome (PCOS).

Methods:Women with premature ovarian failure (POF) were assigned to the obese group (body mass index [BMI] ≥24kg/m2 and
waist hip ratio [WHR] >0.85) or non-obese group (group 3, n=21). Obese patients were further randomly assigned to the obese
treatment group (group 1, n=15) and obese control group (group 1, n=15). All patients received standard treatment (Diane-35, 1
tablet/d, orally, plus metformin, 1.5g/d, orally). In addition to the standard modality, patients in group 1 and group 3 also orally
received 150mg/d of puerarin tablets for 3 months. Venous blood was drawn before and after treatment. Then, the metabolic and
antioxidant biomarkers were measured. The normality of distribution of the data was tested using the Kolmogorov–Smirnov method.
The baseline characteristics were analyzed using one-factor analysis of variance (ANOVA), and post-hoc was performed using the
least significance difference (LSD)-t test.

Results: Significantly improved blood levels of sex hormone binding globulin (SHBG) and superoxide dismutase (SOD) were
observed in patients who received the additional treatment of puerarin, regardless of their lean or obese status, while these were not
observed in patients who did not receive puerarin. Furthermore, obese patients with PCOS had significantly lower systolic blood
pressure, total cholesterol, and testosterone blood levels, when compared with before treatment.

Conclusion: The addition of puerarin to the present treatment protocol can be considered for the management of metabolic
disorders and hyperandrogenism in PCOS patients.

Abbreviations: BMI = body mass index, GPX = glutathione peroxidase, HOMA-b = Homeostasis model assessment of b-cell
function, PCOS = polycystic ovary syndrome, PRL = prolactin, WHR = waist hip ratio.

Keywords: antioxidant, metabolic disorders, polycystic ovarian syndromes, puerarin
1. Introduction
Polycystic ovary syndrome (PCOS) is one of the most common
endocrine/metabolic disorders in women worldwide.[1] Due to its
multifaceted etiology, the present management of PCOS mainly
targets individual components of the syndrome (hirsutism,
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oligomenorrhea, infertility, obesity, and glucose intolerance),
depending upon the patient’s goals. The evidence-based guideline
for the first-line non-pharmacologic intervention for most PCOS
women is weight loss, which can restore ovulatory cycles and
improve metabolic risk.[2,3]
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Combined estrogen-progestin oral contraceptives are the
mainstay of pharmacologic management for hyperandrogenism
and menstrual dysfunction in women with PCOS.[2,4] In contrast
to Western countries, Diane-35 (35mg of ethinyl estradiol and 2
mg of cyproterone acetate) has been widely used to treat
hyperandrogenism in patients with PCOS in China.[5,6] Meta-
bolic syndrome is another common phenotype in patients with
PCOS. Metformin is an insulin-lowering drug that can improve
metabolic disorders in PCOS, and this has gained increasing
interest for this group of patients. However, metformin has many
side effects, such as gastrointestinal symptoms, and the
interference of the intestinal absorption of vitamin B12 and
lactic acidosis[7] limit its use in PCOS patients.
Increasing studies have revealed the effectiveness of alternative/

traditional Chinese medicine in treating patients with PCOS.[8–10]

Puerarin (40-7-dihydroxy-8-beta-D-glucosylisoflavone) is the
major bioactive ingredient of the root of plant Pueraria lobate
(Wild) Ohwi, which is known as Gegen (Chinese medicine name).
Gegen has also been used for the management of metabolic
disorders[11–13] in traditional Chinese medicine since ancient
time.[14] These aforementioned studies suggest that puerarin has
potential therapeutic effects on metabolism-related disorders,
such as those in PCOS patients. However, little is known about its
therapeutic efficacy in PCOS patients.
PCOS is associatedwith a variety of abnormalities, which range

from the endocrine system to the antioxidant system. For example,
sex hormones (luteinizing hormone [LH] and testosterone) are
elevated in women with PCOS, when compared with healthy
women.[15] Women with PCOS have insulin resistance and
hyperinsulinemia.[16] Hence, they can be predispose to metabolic
disorders and hyperadrogenism.[17–19] Oxidative stress is closely
correlated to the high incidence of PCOS. It has been reported that
PCOS patients present with decreased antioxidant concentrations,
and consequently, with increased protein oxidation and an
elevated total oxidative state.[20–22] Therefore, it is important to
measure biomarkers associated with PCOS, because this may help
identify women with PCOS, who would benefit mostly from
intervention. The present pilot study investigates the effects of the
addition of puerarin to the Diane-35 plus metformin treatment
protocol on various biomarkers (sex hormones, metabolic indices,
and antioxidant parameters) in patients with PCOS.
Although the majority of women with PCOS are overweight or

obese (body mass index [BMI] ≥25kg/m2), a small but significant
proportion of patients have normal or low BMI. Furthermore,
although most of the clinical signs (e.g., hormonal profiles and
insulin resistant rate) are comparable between lean and
overweight patients with PCOS,[23–25] lean/non-obese patients
may or may not have some of the phenotypes, such as irregular
menstrual cycles and acne.[26,27] Therefore, there is clinical
relevance to differently consider lean/non-obese and obese
patients with PCOS. Accordingly, lean/non-obese and obese
patients with PCOS were considered as different subgroups in the
present study.
2. Materials and methods

2.1. Patients

All patients with PCOS were of the Han ethnic group. Each
participant voluntarily provided an informed consent. The present
study was approved by the Ethics Committee of Yuebei People’s
Hospital, Shaoguan, Guangdong, China (IRB number: ChiCTR
2

190002220). The diagnosis of PCOSwas based on the Rotterdam
criteria 2003.[28] Patients with PCOS from January 2014 to
December 2016 were recruited for the present study, and their
average age was 25.29±6.0years old (range: 18–39years old).
Exclusion criteria: adrenal diseases or ovarian tumors that

induced elevated testosterone levels; a history of taking oral
contraceptives within the recent 3 months; a history of taking
antioxidative-related drugs, medication that could affect repro-
ductive endocrine functions, or medication that could affect the
metabolism of glucose and lipids; the use of hormonal treatment
for ovulation induction in the past 2 months. A total of 84
patients were screened. Among these patients, 9 patients did not
meet the above criteria, and 5 patients declined to participate in
the trial. Hence, a total of 70 patients were recruited for the study.
These patients were assigned into 2 groups, based on their BMI:
obese group and non-obese group. If the patient’s BMI was ≥24
kg/m2 and the waist hip ratio (WHR) was>0.85, the patient was
diagnosed as obese. Otherwise, the patient was diagnosed as non-
obese. Obese patients were further randomly assigned into 2
groups, based on the order they visited the hospital (even or odd
number): obese treatment group (group 1, even number) and
obese control group (group 2, odd number). There were 20, 20,
and 30 patients in the obese treatment group, obese control
group, and non-obese group (group 3), respectively, at the
beginning of the study. However, 5, 5, and 9 patients,
respectively, withdrew from the study before the end of the
trial. The main reason for their withdrawal was that the patient
changed her mind, and did not want to continue the study. There
was no relationship between patient withdrawal and adverse
events. However, one patient without puerarin treatment
presented with mild liver injury, based on the blood biomarkers
[alanine aminotransferase (ALT) and asparatate aminotransfer-
ase (AST)]. This patient was recorded, and withdrawn from the
study. Then, this patient was managed for liver recovery. The
liver function of this patient was in the trial. Thus, 15, 15, and 21
patients with PCOS in group 1, group 2, and group 3,
respectively, completed the study. All participants and healthcare
providers were informed of the treatment modality.
2.2. Treatment protocols

All patients received standard treatment for PCOS with Diane-35
(1 tablet/d, orally) plus metformin (1.5g/d, orally). In addition to
the standard modality, patients in group 1 and group 3 orally
received 150mg/d of puerarin tablets. The dose was chosen based
on a previous report,[29] which analyzed the results obtained from
32 randomized clinal trials. The treatment lasted for 3 months.
After the treatment, these patients were routinely followed up,
and were instructed to return to the hospital anytime when they
did not feel well, or when any new symptom appeared. Patients
had the freedom to withdraw from the study anytime.
Diane-35 was purchased from the Pharmaceutical Division of

Bayer in Guangzhou (J20200003, Guangdong, China). Meta-
fomin was purchased from Tianyunshan Pharmaceutical Com-
pany (H44023514, Guangzhou, China), and Puerarin was
obtained from Guorun Pharmaceutical Company
(H14020875. Shanxi, China).
2.3. Biomarkers in blood and measurements

All patients were instructed to fill-in the same questionnaire
before and after the 3-month treatment, which included the basic
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demographic information, medical history, and items correlated
to PCOS symptoms and their health status.
Venous blood was drawn from each participant after fasting

for 12hours within the 2nd to 4th day of their menstrual period.
Blood was drawn twice, such as before and after the study. The
serum was separated by centrifugation at 4 °C. The following
parameters were measured in serum: sex hormones, including
follicle stimulating hormone, luteinizing hormone and testoster-
one, prolactin, estrone, estradiol, and sex hormone binding
globulin, were measured by fluorescence immunoassay using the
Roche Cobas e602, according to manufacturer’s instructions
(Shanghai RuiQi Biotech, Minhang District, Shanghai); meta-
bolic indices (e.g., fasting blood glucose, fasting insulin,
triglyceride, total cholesterol, high-density lipoprotein-cholester-
ol, and low-density lipoprotein-cholesterol) were measured by
ELISA (Shanghai Weimeng Biotech); antioxidant parameters,
including superoxide dismutase, glutathione peroxidase, cata-
lase, vitamin C, and vitamin E, were measured by ELISA
(Shanghai Weimeng Biotech). The intra- and inter-assay
coefficients of variation were <5%. The homeostasis model
assessment-insulin resistance (HOMA-IR), insulin sensitivity
index (HOMA-IS), and insulin secretion (Homeostasis model
assessment of b-cell function [HOMA-b]) were calculated
according to the following formula: HOMA-IR=FBG (mM)�
FINS (mIU/mL)/22.5; HOMA-IS=1 /(FBG [mM]�FINS [mIU/
mL]); HOMA-b=20�FINS/(FBG–3.5). If the HOMA-IR value
was >1.47, the patient was diagnosed as insulin resistance.
2.4. Statistical analysis

All data were analyzed using the SPSS 18.0 software (Interna-
tional Business Machines Corporation, Armonk, New York,
USA). The normality of distribution of the data was tested using
the Kolmogorov–Smirnov method. The baseline characteristics
were analyzed by one-factor analysis of variance (ANOVA), and
post-hoc was performed using the least significance difference
(LSD)-t test. Non-normally distribution data were analyzed using
the Kruskal-Wallis H-test. The differences between post-
treatment and pre-treatment were analyzed by t test or Wilcoxon
test, depending on the normality of the data. P< .05 was
considered statistically significant.
3. Results

3.1. The percentage of patients who withdraw during the
study period were similar among the different groups

During the 3-month treatment period, the patient withdrawal
rate was 25% (5/20), 25% (5/20), and 30% (9/30) for group 1,
group 2, and group 3, respectively. There was no significant
difference in withdrawal rate among these groups (chi-square=
0.217, P= .897).
3.2. Patient baseline characteristics

In addition to the BMI, the WHR, prolactin (PRL), HOMA-b,
and glutathione peroxidase (GPX) levels were significantly
different in the obese groups (group 1 and group 2), when
compared with group 3 (P< .05, Table 1). When compared with
group 3 (4.99±0.65mM), patients in group 1 had significantly
higher fasting blood glucose (FBG) levels (5.56±0.57mM,
P< .05). In contrast, patients in group 2 had significantly lower
3

levels of vitamin E (VE), when compared with patients in group 3
(P< .05, Table 1). The comparisons between group 1 and group 2
revealed that patients in group 1 had significantly increased levels
of sex hormone binding globulin (SHBG), FBG, and total
cholesterol (TC) (P< .05, Table 1).
3.3. Comparisons between groups after treatment

After the 3-month treatment with different protocols, patients
with PCOS, who were treated with the addition of puerarin,
exhibited significant differences in biomarkers related to
hormone levels and antioxidative activities, when compared
with patients in group 2 (Table 2). For example, obese patients
treated with the addition of puerarin had significantly lower T
levels (median, 10.40nM), when compared with patients in
group 2 (mean, 16.25nM) who did take puerarin, (P< .001).
Patients in groups 1 and 3 had significantly higher levels of high-
density lipoprotein-cholesterol (HDL-C) and GPX, when
compared with patients in group 2 (P< .001).
3.4. Comparison of changes caused by the treatment
among the different groups of patients with PCOS

Compared with patients in group 2, patients in group 1 and
group 3 were treated with the addition of puerarin to the
standard modality (Diane-35 plus metformin). As shown in
Table 3, patients in group 1 and group 3 exhibited significant
changes in SHBG, TC, and superoxide dismutase (SOD) levels,
when comparedwith those before treatment, while these were not
observed in patients in group 2.
The investigation of the effects of puerarin in obese PCOS

patients revealed that the addition of puerarin in the treatment
protocol significantly decreased the systolic blood pressure (SP)
and testosterone (T) blood levels, when compared with those
before treatment (indicated with a superscripted letter c, Table 3).
However, these effects were not observed in patients in group 2.
The therapeutic effects of the addition of puerarin between obese
and non-obese PCOS patients were also compared. Significantly
increased PRL levels were observed in non-obese patients after
puerarin treatment, when compared with before treatment, but
this was not observed in patients in group 1 (Table 3).
4. Discussion

To the best of our knowledge, the present study is the first clinical
trial to assess the therapeutic efficacy of puerarin in Chinese
women with PCOS. It was found that the addition of puerarin to
Diane-35 plus metformin significantly increased the blood levels
of SHBG and SOD, when compared with those before treatment,
in both obese and non-obese PCOS patients. In addition, obese
patients with PCOS had significantly lower SP, total cholesterol,
and T blood levels, when compared with those before treatment.
The findings of the present study suggest that puerarin can be an
adjunctive to the standard treatment protocol for Chinese women
with PCOS.
Although most patients with PCOS were overweight/obese, a

significant number of patients were within the normal body
weight. These 2 populations of patients may or may not have
different symptoms.[26,27] In the present study, the baseline
demographics revealed that obese patients had significantly
higher levels of SHBG, but had lower levels of HOMA-IS and
GPX, when compared with lean patients. Furthermore, after
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Table 1

Baseline characteristics of patients with PCOS (N=51).

Variables Group 1 (n=15) Group 2 (n=15) Group 3 (n=21)

Basic health status
Age, y X±SD 26.40±6.38 24.48±5.70
Marital status n (%) Single 6 (40.00) 5 (33.33) 13 (61.90)

Married 9 (60.00) 10 (66.67) 8 (38.10)
BMI, kg/m2 X±SD 29.22±4.63a 28.06±5.25a 19.45±2.17
WHR X±SD 0.94±0.06a 0.93±0.03a 0.78±0.04
Clinical signs/symptoms
Infertility n (%) Yes 5 (33.33) 4 (26.67) 3 (14.29)

No 10 (66.67) 11 (73.33) 18 (85.71)
Menarche age, y Median (P25, P75) 14.00 (12.00, 15.00) 13.00 (12.00, 13.00) 13.00 (13.00, 14.00)
Menstrual cycle n (%) Normal 1 (6.67) 3 (20.00) 5 (23.81)

Abnormal 14 (93.33) 12 (80.00) 16 (76.19)
Menstrual period n (%) Normal (3–7 days) 9 (60.00) 8 (53.33) 8 (38.10)

Abnormal (>7 days) 6 (40.00) 7 (46.67) 13 (61.90)
Amenorrhorea n (%) Yes 8 (53.33)a, b 2 (13.33) 5 (23.81)

No 7 (46.67) 13 (86.67) 16 (76.19)
Irregular vaginal bleeding Yes 3 (15.00) 9 (45.00) 10 (33.33)
n (%) No 17 (85.00) 11 (55.00) 20 (66.67)
Oligomenorrhea n (%) Yes 18 (90.00) 16 (80.00) 17 (56.67)

No 2 (10.00) 4 (20.00) 13 (43.33)
SP, mm Hg X±SD 113.10±14.46 112.90±10.24 106.53±10.50
DP, mm Hg X±SD 74.00±9.81 70.45±8.67 70.20±7.10
Hirsutism n (%) Yes 11 (55.00)b 18 (90.00) 21 (70.00)

No 9 (45.00) 2 (10.00) 9 (30.00)
Acne n (%) Yes 5 (25.00) 5 (25.00) 16 (53.33)

No 15 (75.00) 15 (75.00) 14 (46.67)
Acanthosis nigricans n (%) Yes 11 (55.00) 8 (40.00) 7 (23.33)

No 9 (45.00) 12 (60.00) 23 (76.67)
Hormones
Testosterone (T), nM Median (P25, P75) 19.26 (11.05, 47.87) 18.22 (13.03, 33.77) 16.24 (13.09, 19.94)
SHBG, nM X±SD 64.62±15.67 66.18±21.49 67.62±21.40
PRL, ng/L Median (P25, P75) 797.44a,b (714.94, 873.41) 710.81a (614.87, 779.47) 1644.00 (1378.55, 1877.85)
E1, nM Median (P25, P75) 21.82 (20.00, 199.93) 20.00 (20.00, 93.63) 25.43 (20.00, 707.42)
E2, nM Median (P25, P75) 24.52 (17.35, 64.71) 24.97 (22.17, 31.42) 45.65 (21.69, 118.19)
E1/E2 n (%) >1 12 (60.00) 10 (50.00) 16 (61.54)

�1 8 (40.00) 10 (50.00) 10 (38.46)
LH, mM Median (P25, P75) 13.77 (5.31, 33.19) 11.00 (7.29, 22.39) 14.19 (7.24, 45.81)
FSH, mM Median (P25, P75) 10.85 (7.59, 30.20) 10.56 (7.67, 21.01) 12.21 (6.30, 34.03)
LH/FSH 2 to 3 2 (10.00) 4 (20.00) 3 (10.00)

other 18 (90.00) 16 (80.00) 27 (90.00)
Metabolic status
FBG, mM Mean±SD 5.56±0.57a, b 5.20±0.41 4.99±0.65
FBI, mIU/L Median (P25, P75) 14.29 (12.09, 22.55) 13.92 (11.24, 19.19) 19.81 (10.94, 25.98)
HOMA-IR Median (P25, P75) 3.49 (2.85, 6.31) 3.40 (2.75, 4.53) 4.24 (2.26, 5.99)
HOMA-IS Median (P25, P75) 0.01 (0.01, 0.02) 0.01 (0.01, 0.02) 0.01 (0.01, 0.02)
HOMA-b Median (P25, P75) 160.50a (131.13, 236.68) 163.79a (124.20, 201.63) 261.32 (165.88, 505.55)
TC, mM Mean±SD 3.89±1.76b 2.77±1.22 4.33±1.42
TG, mM Median (P25, P75) 3.22 (3.06, 6.04) 3.30 (2.87, 4.93) 4.215 (2.89, 7.27)
HDL-C, ng/L X±SD 556.43±258.31 625.92±256.90 712.76±279.85
LDL-C, ng/L X±SD 134.09±37.65 93.34±55.48 137.00±94.15
Antioxidative
SOD, U/mL X±SD 34.66±17.32 48.26±23.07 47.46±20.55
CAT, U/L X±SD 7.26±2.91 5.63±2.35 9.27±7.50
GPX, ng/L X±SD 636.98±278.05a 574.28±295.91a 1066.01±458.33
VC, ng/L X±SD 1169.68±491.98 1185.00±414.31 1261.19±459.33
VE, mM X±SD 855.12±287.12 765.91±357.25a 1080.97±532.48

BMI=body mass index, CAT= catalase, DP=diastolic blood pressure, FBG= fasting blood glucose, FINS= fasting insulin, FSH= follicle stimulating hormone, GPX=glutathione peroxidase, HDL-C=high-
density lipoprotein-cholesterol, HOMA-IR=homeostasis models assessment-insulin resistance index, LDL-C= low-density lipoprotein-cholesterol, LH= luteinizing hormone, SOD= superoxide dismutase, SP=
systolic blood pressure, T= testosterone, TC= total cholesterol, TG= triglyceride, VC= vitamin C, VE= vitamin E, WHR=waist hip ratio.
a, significant difference compared with group 3 (non-obese treatment group), P< .05; b, significant difference between group 1 and group 2 (obese control group), P< .05.
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Table 2

Comparisons of markers between the different groups of patients with PCOS after treatment.

Variables Group 1 (n = 15) Group 2 (n=15) Group 3 (n=21) F/x2 P

Basic health status and symptoms
BMI X±SD 29.22±4.43 27.91±5.20 19.25±1.82 26.410 a <.001
WHR X±SD 0.93±0.08 0.94±0.04 0.80±0.04 32.702 a <.001
Menstrual cycle Normal(21–35 d) 14 (93.33) 13 (86.67) 15 (100.00) 2.143 d .343

Abnormal 1 (6.67) 2 (13.33) 0 (0.00)
Menstrual period Normal(3–7d) 13 (86.67) 10 (66.67) 9 (60.00) 2.813 d .245

Abnormal 2 (13.33) 5 (33.33) 6 (40.00)
Amenorrhorea No (n, %) 15 (100.00) 15 (100.00) 15 (100.00)
Irregular vaginal bleeding No (n, %) 15 (100.00) 15 (100.00) 15 (71.43)
SP, mm Hg X±SD 108.87±12.36 111.27±11.33 107.00±13.86 0.435 a .650
DP, mm Hg X±SD 76.07±7.97 72.60±5.11 73.67±10.21 0.732 a .487
Hirsutism (n, %) Yes 8 (53.33) 13 (86.67) 5 (33.33)

∗
8.927 d .012

No 7 (46.67) 2 (13.33) 10 (66.67)
Acne n (%) Yes 5 (33.33) 4 (26.67) 3 (20.00) 0.682 d .711

No 10 (66.67) 11 (73.33) 12 (80.00)
Acanthosis migrican n (%) Yes 6 (40.00) 4 (26.67) 2 (13.33) 2.727 d .256

No 9 (60.00) 11 (73.33) 13 (86.67)
Hormones
T, nM Median (P25, P75) 10.40 (9.74, 12.75)

∗∗
16.25 (12.95, 22.61) 16.63 (14.46, 21.59) 17.034 c <.001

SHBG, nM X±SD 77.61±19.98 76.97±10.37 88.64±16.13 3.115 a .053
PRL, ng/L Median (P25, P75) 814.36 (535.19, 955.22) 782.87 (557.39, 954.59) 1015.17 (911.13, 1230.51)

∗
16.267 c <.001

E1, nM Median (P25, P75) 65.70 (20.00, 123.00) 80.50 (20.00, 443.50) 28.77 (20.00, 178.30) 1.203 c .548
E2, nM Median (P25, P75) 22.06 (20.36, 41.53)

∗∗
39.84 (25.23, 60.23) 37.77 (24.83, 95.78) 7.164 c .028

E1/E2 n (%) >1 11 (73.33) 9 (60.00) 10 (47.62) 2.401 d .301
�1 4 (26.67) 6 (40.00) 11 (52.38)

LH, mM Median (P25, P75) 7.97 (5.95, 19.27) 13.22 (4.61, 21.17) 19.91 (12.49, 34.76) 7.477 c .024
FSH, mM Median (P25, P75) 13.95 (11.46, 16.94) 13.93 (9.24, 18.81) 21.21 (8.45, 35.84) 1.457 c .483
LH/FSH 2–3 3 (20.00) 2 (13.33) 6 (28.57) 1.232 d .540

other 12 (80.00) 13 (86.67) 15 (71.43)
Metabolic status
FBG, mM X±SD 5.32±0.45 5.32±0.49 4.93±0.72 2.702 a .077
FBI, mIU/L Median (P25, P75) 12.75 (12.02, 15.74) 11.46 (8.22, 14.44) 14.00 (11.04, 20.40) 4.095 c .129
HOMA-IR Median (P25, P75) 2.95 (2.77, 3.55) 2.94 (1.86, 3.30) 2.99 (2.52, 4.20) 2.268 c .322
HOMA-IS Median (P25, P75) 0.02 (0.01, 0.02) 0.02 (0.01, 0.02) 0.01 (0.01, 0.02) 2.252 c .324
HOMA-b Median (P25, P75) 149.97 (127.10, 183.42) 102.75 (95.50, 206.27) 270.20 (144.23, 323.24) 10.564 c .005
TC, mM X±SD 2.59±1.37

∗∗
2.49±6.93 2.94±1.61 0.585 a .561

TG, mM Median (P25, P75) 3.68 (2.48, 3.79)
∗∗

5.58 (2.97, 7.93) 5.10 (3.64, 8.12)
∗

10.539 c .005
HDL-C, ng/L X±SD 921.67±274.59 790.32±226.95 960.76±369.99 1.409 a .254
LDL-C, ng/L X±SD 60.89±27.86

∗∗
149.60±24.82 101.08±58.56

∗
16.139 a <.001

Antioxidative
SOD, U/mL X±SD 58.24±22.97 47.52±18.23 70.02±17.52 5.932 a .005
CAT, U/L X±SD 14.91±4.39 16.70±9.80 11.28±8.01 2.292 a .112
GPX, ng/L X±SD 713.40±353.65 594.42±257.67 1183.84±329.10

∗
17.704 a <.001

VC, ng/L X±SD 1569.17±539.97 1653.55±432.10 2011.93±658.16 3.181 a .050
VE, mM X±SD 1419.15±351.59 1191.63±365.73 1769.24±816.43

∗
4.317 a .019

BMI=body mass index, CAT=catalase, DP=diastolic blood pressure, FBG= fasting blood glucose, FINS= fasting insulin, FSH= follicle stimulating hormone, GPX=glutathione peroxidase, HDL-C=high-
density lipoprotein-cholesterol, HOMA-IR=homeostasis models assessment-insulin resistance index, LDL-C= low-density lipoprotein-cholesterol, LH= luteinizing hormone, SOD= superoxide dismutase, SP=
systolic blood pressure, T= testosterone, TC= total cholesterol, TG= triglyceride, VC= vitamin C, VE= vitamin E; WHR=waist hip ratio; a, one-way ANOVA test; b, Pearson chi-square test; c, Kruskal–Wallis H
test.

∗
, significantly different from group 1 or group 2, or both if in bold.

∗∗
, significantly different from group 2 or group 3 or both groups, if in bold.
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treatment with the same protocol, obese patients exhibited
different responses to the drugs, when compared with lean
patients. Therefore, the present study and others studies[26,27]

suggest that clinicians should consider that obese patients with
PCOS differ from patients with normal body weight, when
initiating pharmaceutical interventions.
Metabolic disorders and hyperandrogenisms are very common

features in patients with PCOS. Metabolic disorders can be
managed with metformin and thiazolidinediones, which decrease
insulin and androgen levels in patients.[30] However, the known
side effects associated with these drugs have encouraged the
5

exploration of alternative medicines for treating PCOS patients.
Thus, the present clinical trial was conducted on a small number
of patients with PCOS, and these patients were treated with
puerarin in conjunction with metformin and Diane-35. It was
found that the addition of puerarin to the present treatment
protocol significantly increased the SHBG levels, when compared
with patients without the addition of puerarin during treatment.
SHBG is an important biomarker for predicting PCOS risk, with
lower SHBG levels significantly associated to increased risk of
PCOS.[31] PCOS women with low levels of SHBG would more
likely have hyperandrogenism, diabetes mellitus 2 (DM2), insulin

http://www.md-journal.com


Table 3

Comparisons of the differences between after treatment and before treatment, with or without the addition of puerarin.

Group 1 Group 2 Group 3

Variables Change t/Z P Change t/Z P Change t/Z P

Basic health status
BMI, kg/m2 X±SD 0.01±1.93 0.013 .990 –0.14±0.82 –0.667 .515 0.48±1.07 1.753 .101
WHR X±SD –0.01±0.04 –0.840 .415 0.01±0.01 3.836 .002c 0.01±0.02 1.356 .196
SP, mm Hg X±SD –3.67±6.56 –2.163 .048c –2.00±7.04 –1.100 .290 1.40±14.41 0.376 .712
DP, mm Hg X±SD 1.33±6.76 0.764 .457 0.93±5.15 0.702 .494 3.13±12.03 1.008 .330

Sex hormones
T, nM X±SD –15.36±16.49a –3.608 .003c –4.13±11.93 –1.341 .201 –0.40±9.18 –0.198 .845
SHBG, nM X±SD 13.17±17.39 2.933 .011c 8.51±25.72 1.282 .221 19.49±21.57 4.140 <.001c

PRL, ng/L X±SD –36.34±205.59 a
–0.685 .505 13.87±275.76a 0.195 .848 –527.41±385.70 –6.266 <.001c

E1, nM X±SD –76.96±254.07 –1.173 .260 97.99±296.07 1.282 .221 –89.60±330.74 –1.241 .229
E2, nM X±SD –18.07±42.46 –1.649 .121 12.93±31.26 1.602 .132 –10.80±63.09 –0.785 .442
LH, mM X±SD –16.53±35.51 –1.802 .093 –3.14±21.45 –0.567 .580 –2.73±28.71 –0.436 .667
FSH, mM Median (P25, P75) 0.19 (-19.91,6.02) –0.227 .820 1.61 (–5.97,4.45) –0.568 .570 0.00 (–6.28,1.68) –0.625 .532

Metabolic status
FBG, mM X±SD –0.19±0.75 –0.963 .352 0.07±0.42 0.614 .549 –0.07±0.88 –0.389 .702
FINS, mIU/L X±SD –2.70±7.12 –1.470 .164 –3.13±5.40 –2.243 .042c –2.93±6.38 –2.103 .048c

HOMA-IR X±SD –0.81±2.21 –1.423 .177 –0.73±1.29 –2.174 .047c –0.89±1.67 –2.431 .025c

HOMA-IS Median (P25, P75) 0.0010 (–0.0005,0.0040) –1.351 .177 0.0027 (–0.0036,0.0116) –1.250 .211 0.0020 (–0.0003,0.0049) –1.494 .135
HOMA-b (%) X±SD –10.59±59.81 –0.685 .504 –33.32±89.93 –1.435 .173 –56.34±256.50 –1.006 .326
TC, mM X±SD –11.30±18.32 –2.388 .032c –3.58±12.69 –1.093 .293 –14.59±23.82 –2.806 .011c

TG, mM X±SD –6.34±22.01b –1.115 .284 15.11±24.67 2.372 .033c 5.45±22.24 1.122 .275
HDLC, ng/L X±SD 429.46±418.07 3.978 .001c 186.76±227.33 3.182 .007c 172.78±311.63 2.541 .019c

LDLC, ng/L X±SD –70.16±33.88b –8.020 <.001c 55.21±62.40a 3.426 .004c –64.84±102.19 –2.907 .009c

Antioxidant biomarkers
SOD, U/mL X±SD 21.15±21.66 3.781 .002c –1.98±32.66 –0.235 .817 23.98±25.61 4.290 <.001c

CAT, U/L X±SD 7.96±5.41a 5.702 <.001c 10.78±10.71a 3.897 .002c 0.82±6.21 0.603 .553
GPX, ng/L X±SD 147.72±492.45 1.162 .265 29.12±268.40 0.420 .681 62.05±490.30 0.580 .568
VC, ng/L X±SD 330.57±715.97 1.788 .095 426.72±594.55 2.780 .015c 782.60±680.67 5.269 <.001c

VE, mM X±SD 533.14±427.86 4.826 <.001c 438.36±610.30 2.782 .015c 696.20±865.67 3.685 .001c

BMI=body mass index, CAT= catalase, DP=diastolic blood pressure, FBG= fasting blood glucose, FINS= fasting insulin, FSH= follicle stimulating hormone, GPX=glutathione peroxidase, HDL-C=high-
density lipoprotein-cholesterol, HOMA-IR=homeostasis models assessment-insulin resistance index, LDL-C= low-density lipoprotein-cholesterol, LH= luteinizing hormone, SOD= superoxide dismutase, SP=
systolic blood pressure, T= testosterone, TC= total cholesterol, TG= triglyceride, VC= vitamin C, VE= vitamin E, WHR=waist hip ratio. a, significant difference compared with group 3 (non-obese treatment
group), P< .05; b, significant difference between group 1 and group 2 (obese control group), P< .05; c, significant difference after treatment, when compared with before treatment, P< .05.
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resistance, and obesity.[32,33] A low SHBG level is considered a
biomarker of hyperandrogenism and insulin resistance.[34,35] The
inverse association between the SHBG level and metabolic
syndromes was reported by a study,[36] and this was further
observed in patients with or without PCOS.[37,38] Thus, the
increased levels of SHBG in PCOS women treated with the
addition of puerarin can improve the metabolic disorders and
other symptoms associated with PCOS. It is warranted to follow-
up these patients for a longer period of time in the future to verify
the benefits of the puerarin treatment. A significantly decreased T
level was also found in obese patients after treatment with the
addition of puerarin, when compared with before treatment. This
could be partially explained by the elevated levels of SHBG.
Therefore, the addition of puerarin to the present treatment can
improve the hormonal profile and metabolic syndromes in
patients with PCOS, although the underling mechanism on how
puerarin affects SHBG remains unclear.
Insufficient antioxidative activities are accompanied with

increased levels of oxidative stress,[39] and are associated with
various diseases.[40,41] Studies have revealed the increase in
circulating markers of oxidative stress (e.g., reactive oxygen
species, ROS) in PCOS patients.[41,42] Oxidative stress has been
reported to play an important role in the pathogenesis of
PCOS.[43] SOD is an important antioxidant enzyme. A significant
6

decrease in SOD activity was observed in PCOS patients, when
compared with the control group.[44] In the present study, it was
found that there was a markedly increased level of SOD in
patients after treatment with the addition of puerarin, regardless
of the BMI status, when compared with patients who were not
treated with puerarin. These present results indicate that puerarin
has an antioxidant activity, which can be beneficial to PCOS
patients. In a rat model, the pretreatment with puerarin was
shown to block the production of free radicals induced by H2O2,
and stimulate SOD activity in isolated pancreatic islets.[45] It has
also been reported that puerarin can increase the activities of
other antioxidative enzymes (e.g., GPX and glutathione S-
transferase, GST) in lead-treated rats.[46] These studies further
support the present findings on the antioxidant property of
puerarin in patients with PCOS.
Puerarin has been shown to cause changes in lipid profiles. For

example, puerarin interferes with copper and induces LDL
oxidation in vitro,[47] enhances the production of HDL, and
decreases the production of LDL and total cholesterol.[12] The
effect of puerarin on lipid metabolism can be partially due to its
ability to elevate the cholesterol 7a-hydroxylase mRNA expres-
sion,[48] which can reduce the serum cholesterol content.[11] In the
present study, it was found that all patients with PCOS had
increased levels of high density of lipoprotein cholesterol (HDLC)
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after treatment, with or without the addition of puerarin, when
compared with before treatment. However, the level of TG
significantly decreased in obese patients treated with the addition
of puerarin, when compared with obese patients without
puerarin. It was also found that the level of TC significantly
deceased in obese patients after treatment with puerarin, when
compared with before treatment. On the contrary, non-obese
patients had increased levels of TC after treatment with the
addition of puerarin, when compared with before treatment.
These present findings suggest that puerarin has different effects
on lipid profiles in obese and non-obese patients with PCOS.
Hence, these should be considered when prescribing puerarin for
these patients. On the other hand, these present findings further
confirm the essence to consider obese patients differently from
non-obese patients with PCOS in the clinical setting.
There were some limitations in the present study. First, the

relatively small sample size may have limited the present findings
from being applied to populations with PCOS. Further studies
with more patients from different areas should be conducted in
the future. Second, the interaction between puerarin and Diane-
35 plus metformin could not be excluded, which could affect the
present findings on the treatment effects of puerarin in PCOS
patients. A group of patients with PCOS treated with prerarin
would be the only solution. However, there would be an ethical
issue to treat patients without initially using first-line drugs.
In conclusion, the present study revealed that the addition of

puerarin to the present treatment protocol in Chinese patients
with PCOS mainly improved the blood levels of SHBG and SOD,
and lowered the systolic blood pressure, total cholesterol, and
testosterone blood levels of obese patients with PCOS. However,
the possibility of the synergistic effect of puerarin with other
drugs cannot excluded. In order to solve the problem, a group of
patients with PCOS can be treated with puerarin only after
careful ethic consideration. Further studies with larger and
diverse populations of patients with PCOS are needed.
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