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A B S T R A C T

Several studies have investigated serum zinc levels in patients with polycystic ovarian syndrome (PCOS), but the
results of these studies remain inconclusive. Therefore, to derive a more precise estimation, we conducted a
meta-analysis to investigate serum zinc concentrations in women with PCOS in comparison with healthy sub-
jects. Electronic search was performed in PubMed, Scopus, and Google scholar up to April; 4, 2018 without any
restriction. Eligible studies that evaluated the levels of zinc status in subjects with PCOS were included.
Weighted mean differences (WMDs) with corresponding 95% CIs in serum zinc levels were initially estimated
using a random-effects model. Eight studies, measuring circulating zinc levels in 552 PCOS and 464 control
subjects, were included. Pooled effect size suggested that serum zinc levels in women with PCOS were not
statistically different than their controls (WMD = −4.43 mg/dL; 95% CI = [−10.30, 1.44]; P = 0.139).
Exclusion of one study revealed that women with PCOS significantly have lower serum zinc levels compared to
healthy controls (WMD: −6.60 mg/dL; 95% CI = [−12.43, −0.76], P = 0.027). Our study indicated that
circulating zinc levels in women with PCOS were significantly lower than those in healthy controls when de-
tailed analysis is conducted. Large scale studies are needed to elucidate clear relation between zinc status and
etiology of PCOS.

1. Introduction

Polycystic ovarian syndrome (PCOS) is regarded as the most pre-
valent endocrine disorder among women with approximate prevalence
rate of 6–10% in pre-menopausal women [1,2]. PCOS is specified with
menstrual disorders, polycystic ovaries and excess androgen symptoms
such as acne, alopecia and hirsutism [2]. It has been reported that the
prevalence of insulin resistance (IR), type 2 diabetes (T2DM), dyslipi-
demia, cardiovascular disease (CVD) and obesity are higher in women
with PCOS [3,4]. Previous reports indicated that 40–50% of women
with PCOS are obese or overweight. IR has been reported to affect
nearly 70% of patients with PCOS [5,6].

Zinc is an essential nutrient that reported to be fundamental in more
than 300 enzymatic reactions as a component of hundreds of enzymes
like superoxide dismutase and phophoslipase C [7]. Increased pre-
valence of hypertension, T2DM and CVD has been associated with low

dietary zinc intakes and low circulating zinc [8]. Higher zinc intakes are
associated with lower risk of T2DM in women [9]. Altered serum levels
of trace elements like chromium, copper and zinc were reported to be
associated with IR [10]. Zinc is involved in signaling pathways of in-
sulin action, and also its synthesis and storage [11]. Zinc can combine
with insulin hexamer and facilitates stability and the binding ability of
insulin to receptors [12]. Zinc supplementation has been reported to
improve IR in T2DM [13] and the homeostatic model assessment
(HOMA)-IR in obese subjects [14,15].

Several studies have investigated serum zinc levels in patients with
PCOS, but the results of these studies remain inconclusive. Some studies
have reported that serum zinc levels are higher in women with PCOS
compared with healthy women [16,17]. Other studies reported that
circulating zinc levels are lower in women with PCOS [18,19]. While
others found that there is no significant difference in the serum level of
zinc between PCOS patients and matched controls [20,21]. Therefore,
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to clarify the above contradictory results we conducted a meta-analysis
to investigate serum zinc concentrations in women with PCOS in
comparison with healthy subjects.

2. Material and methods

2.1. Search strategy

We conducted a meta-analysis based on the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement
[22]. The electronic search for the current systematic review and meta-
analysis was performed up to April 4, 2018 in PubMed, Scopus and
Google scholar. Above mentioned databases were searched utilizing
Boolean operator tools, specifically using following terms: (PCOS OR
Polycystic Ovarian Syndrome OR Polycystic Ovary Syndrome), in
combination with (Zn OR Zinc supplementation OR Zinc therapy). No
restrictions on language or publication date were imposed. An addi-
tional manual search was followed by reference lists of selected studies
to detect other relevant trials.

2.2. Inclusion and exclusion criteria

Relevant articles were included if they: (1) examined the levels of
zinc in PCOS subjects; and (2) provided sufficient information on
serum/plasma zinc levels in both PCOS and control groups. Studies
were excluded if they: (1) enrolled patients with a disease other than
PCOS (2) without healthy control group, (3) reported duplicate data;
and (4) were reviews, letters, editorial articles, or case reports.

2.3. Quality assessment

Two reviewers (M.A and H.M) assessed the quality of each selected
study using the Newcastle-Ottawa scale [23]. This scale awards a
maximum of 9 stars to each study: 4 stars belong to the selection (re-
presentativeness of the sample, sample size, non-respondents and as-
certainment of the exposure), 2 stars belong to comparability (controls
for the effect or factors), and 3 stars belong to the features of outcome
(assessment of the outcome and statistical test).

2.4. Data extraction

M.A, H.M and A.H extracted the following data: first author’s name,
publication year, location of studies, methods of zinc measurement, the
type of blood sample, body mass index and age of subjects in PCOS and
control groups, sample size, matched variables between the case and
control groups, criteria for diagnosis of PCOS and means and SDs for
zinc levels.

2.5. Statistical analysis

Prior the calculation of effect size, the concentrations of zinc were
converted to mg/dL. Weighted mean differences (WMDs) together with
the corresponding 95% CIs in zinc levels were initially estimated using
a random-effects model. Between-study heterogeneity was assessed
using the I2 statistic, which represents the percentage of the total var-
iation across studies that is attributable to heterogeneity rather than to
chance. I2 was calculated using the formula: I2 = 100% × (Q–df)/Q
(where Q is the chi squared statistic, and df is the degrees of freedom),

Fig. 1. PRISMA flow diagram of study selection process.
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and an I2 value of 75% or greater was deemed to indicate a high level of
inconsistency. Significant heterogeneity was defined with a p-value
of < 0.05. In order to explore reasons for heterogeneity, subgroup
analysis was performed according to BMI. Sensitivity analysis was
performed by omitting one study in each turn, to detect any significant
changes in the results obtained. We used Begg’s rank correlation test
and Egger’s regression asymmetry test to evaluate publication bias.
Statistical analysis was performed using STATA 11 software (Stata
Corp, College Station, Texas, USA).

3. Results

3.1. Literature search

We identified 276 publications from electronic search of the above
mentioned databases. Of these, 224 citations were left after elimination
of duplicates. In the title and abstract screening, 205 publications that
were obviously irrelevant were excluded. Remaining studies (19 arti-
cles) were retrieved for full-text assessing. After reading the full texts,
11 articles were omitted for the following reasons: did not present ex-
tractable data (n = 2), did not have appropriate control group (n = 4),
lack of measuring the plasma levels of zinc (n = 3) and retracted article
(n = 1). To obtain non extractable data, we contacted the authors via
email, but none of the authors replied. At the end, eight articles
[16,17,19,24–28] enrolled in this meta-analysis. We did not find ad-
ditional studies in the bibliographic search of articles and relevant re-
views. The details of the systematic search and study selection process
are depicted in Fig. 1.

3.2. General study characteristics

Included studies were published between 2012 and 2017 and re-
ported data on 1016 subjects (552 PCOS patients and 464 controls). The
mean age of participants ranged from 24 to 29 years. Four studies had
been conducted in Turkey [16,19,25,27] and other studies had been
conducted in Iran [26], China [28], India [17] and Iraq [24]. PCOS
patients in all papers were diagnosed based on the Rotterdam criteria
[29]. The method of measuring serum zinc levels in most studies was
atomic absorption assay and only 1 studies [28] used inductively cou-
pled plasma-mass method. The key characteristics of included pub-
lications are summarized in Table 1.

According to Newcastle-Ottawa scale, four studies [17,24,25,27]
were regarded as moderate quality (4–6 stars), and the remaining stu-
dies [16,19,26,28] met the high quality criteria (7–8 stars). Last column
of Table 1 provides results of quality assessment of the included studies.

3.3. Quantitative synthesis of data

Among eligible studies, one article [24] presented stratified statis-
tics in terms of BMI values, therefore, present meta-analysis was per-
formed on 9 datasets of the 8 selected studies. As indicated in Fig. 2,
pooled effect size revealed that serum zinc levels in women with PCOS
were not statistically different with those of healthy controls
(WMD = −4.43 mg/dL; 95% CI = [−10.30, 1.44]; P = 0.139). How-
ever, significant heterogeneity was detected across the studies
(I2 = 90.4%, P < 0.001).

In order to explore reasons for heterogeneity, subgroup analysis was
performed according to BMI (< 25, ≥25 and other). In two studies
[19,25] mean of BMI was different for cases and controls and they put
into the other BMI group. When the meta-analyses was sub-grouped by
BMI, heterogeneity attenuated in other BMI group (I2 = 0.0%,
P = 0.534). Also, significant differences in pooled WMD of zinc levels
were observed in studies in other BMI subgroup (WMD = −12.99 mg/
dL; 95% CI = [−17.86, -8.12]; P < 0.001), there were non-significant
differences in women with BMI lower than 25 (WMD = 3.14 mg/dL;
95% CI = [−6.03, 12.31]; P = 0.502) and higher than 25 (WMD =

−11.72 mg/dL; 95% CI = [−34.47, 11.03]; P = 0.312). The results of
subgroup analysis are shown in Fig. 3.

3.4. Sensitivity analysis

We performed a sensitivity analysis to ascertain whether our final
results were affected by excluding one or more studies from the ana-
lysis. After exclusion of the study conducted by Kordouglu and collea-
gues [16] and reanalyzing the remaining articles, results revealed that
serum zinc levels in women with PCOS were significantly lower than
those of healthy controls (WMD: −6.60 mg/dL; 95% CI = [−12.43,
−0.76], P = 0.027).

3.5. Publication bias

Although, we minimized publication bias by performing a com-
prehensive literature search, Begg’s and Egger’s tests were also applied
to statistically assess publication bias. Finally, no evidence of publica-
tion bias was observed (Begg's test: P = 1.00, Egger test: P = 0.794).

4. Discussion

To the best of our knowledge, present study is the first systematic
review and meta-analysis that evaluated the serum zinc status in pa-
tients with PCOS compared with healthy subjects. The results demon-
strated that there are no significant differences in serum zinc levels
between patients with PCOS and healthy subjects; however, there were
considerable heterogeneity among included studies. In an attempt to
find-out the source of heterogeneity we performed subgroup analysis,
which showed that heterogeneity was attenuated in other BMI sub-
group. In addition, sensitivity analysis indicated that after excluding
one study [16] results changed. In fact, without that study pooled effect
size showed that serum zinc levels in women with PCOS were sig-
nificantly lower than healthy participants.

One of the possible mechanisms for linking zinc to PCOS could be
through its effect on insulin signaling system. Studies have reported
that insulin resistance in PCOS is due to post-receptor defect in insulin
action [26]. Clinical and epidemiological studies have indicated that
decreased zinc status is related to insulin resistance [30]. Improvement
of insulin resistance after zinc supplementation has been reported in
patients with PCOS [31].

PCOS has been described as a state of chronic inflammation mainly
defined as an increased serum CRP compared to the weight matched
controls [32]. Furthermore, PCOS patients are more likely to have in-
creased visceral fat mass and higher waist to hip ratio [33]. Visceral fat
may be a key factor describing components of metabolic syndrome and
of low grade chronic inflammation through producing various cyto-
kines and also adipokines [33,34]

In addition, recent studies highlighted the role of increased reactive
oxygen species (ROS) and oxidative stress and also decreased anti-
oxidant capacity in the pathogenesis of PCOS. Oxidative stress might
have a role in the development of IR and hyperandrogenism in women
with PCOS [35,36]. Zinc, as a remarkable antioxidant, protects the
sulfhydryl groups of proteins against oxidation and its deficiency leads
to increased oxidative damage in various organs [24,37]. Zinc reported
as a key element involving in immune efficiency [38]. Multiple roles of
zinc as a modulator of the inflammatory mechanisms have been in-
vestigated [39]. Zinc modulates the pro-inflammatory response by in-
hibiting nuclear factor kappa B (NF-κB), a transcription factor that is
the master regulator of proinflammatory responses, which accordingly,
results in decreased generation of inflammatory cytokines such as TNF-
α and IL-1β [40,41]. On the other hand, zinc levels reported to be lower
in obese subjects [42]. Chronic inflammation may reduce zinc absorp-
tion into the body in obese subjects [43]. In essence, lower zinc con-
centrations inside immune cells heightened inflammatory procedures
and cytokine expression [43]. Therefore, zinc deficiency may act as an
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initiator or promoter of the underlying mechanisms and metabolic
features of PCOS [44], which could be different in obese subjects.

As mentioned, excluding the study of Kordouglu et al [16] changed
overall results. Results without that study showed significantly lower
serum zinc concentrations among women with PCOS compared with
the healthy controls. After scrutinizing above-mentioned study, we
found that this study was conducted on participants with an

approximate BMI of 21 kg/m2 that was lower than those of other arti-
cles. Worthy to note that the majority of people with PCOS are obese
and overweight [45] and also some studies have shown a negative
correlation between serum zinc levels and BMI in healthy subjects [46],
as well as in PCOS patients [24]. Therefore, one of the possible reasons
for higher levels of zinc in patients with PCOS in Kordouglu's study
could be the lower BMI range in enrolled subjects compared to the

Table 1
Characteristics of the included studies.

Author (Location;
year)

Blood
Sample

Method of Zinc
assessment

Mean age (SD,
years)

Mean BMI
(SD, Kg/m2)

Sample size Zinc [mean
(SD), μg/dl]

Matching Definition of
PCOS

Quality
Score

PCOS Control

Kurdoglu (Turkey;
2012)

Serum Atomic absorption PCOS
24.25 (4.68)
Control
27.75 (5.45)

PCOS
21.72 (3.02)
Control
22.63 (3.08)

35 30 PCOS
92 (20)
Control
77 (19)

Age, BMI Rotterdam 7

Chakraborty (India,
2013)

Serum Atomic absorption PCOS
28.93 (4.13)
Control
28.33 (5.90)

PCOS
23.57 (5.62)
Control
23.02 (1.15)

132 46 PCOS
60 (34.4)
Control
56 (6.7)

Age, Weight Rotterdam 6

Guler (Turkey, 2014) Serum Atomic absorption PCOS
25.4 (6.7)
Control
28 (5.9)

PCOS
27.4 (6.8)
Control
23.5 (4.9)

53 33 PCOS
66.3 (13.2)
Control
78.1 (14.7)

Age Rotterdam 6

Zheng (China, 2015) Serum Inductively coupled
plasma-mass

PCOS
27 (1.04)
Control
29 (0.83)

PCOS
22.07 (0.88)
Control
20.45 (0.58)

96 105 PCOS
84.36 (2.08)
Control
89.15 (2.91)

Age,
BMI,WHR

Rotterdam 7

Özer (Turkey, 2016) Serum Atomic absorption PCOS
26.2(5.5)
Control
29.4(8.8)

PCOS
26.9 (5.4)
Control
23.8 (4.7)

71 53 PCOS
84.4 (25.5)
Control
99.4 (19.9)

Age, BMI Rotterdam 8

Kulhan (Turkey,
2017)

Serum Atomic absorption PCOS
24.06 (6.12)
Control
25.34 (5.82)

PCOS
26.00 (4.52)
Control
25.27 (2.68)

65 67 PCOS
95.45 (10.94)
Control
89.22 (9.83)

NR Rotterdam 6

Farhood (Iraq, 2017) Serum NR PCOS
25.48 (3.56)
Control
25.18 (3.1)

PCOS
28.34 (7.17)
Control
28.28 (8.33)

40 40 PCOS
75.31 (33.91)
Control
83.8 (10.11)

Weight Rotterdam 5

Kanafchian (Iran,
2017)

Serum Atomic absorption PCOS
28.68 (5.08)
Control
29.17 (5.03)

PCOS
29.14 (5.54)
Control
27.92 (4.70)

60 90 PCOS
81.33 (24.28)
Control
108.31
(63.29)

Age, weight,
BMI

Rotterdam 8

NR: not reported.

Fig. 2. Forest plot showing the differences of serum zinc levels in PCOS and control subjects.
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participants in other studies.
In subgroup analysis based on BMI, there were significant differ-

ences in serum zinc levels between PCOS and controls in studies in
other BMI subgroup. Previous reports have shown that obesity is as-
sociated with low serum zinc levels [47,48]. Studies in other BMI
subgroup recruited cases with higher BMI than controls (27 vs. 23),
which maybe a possible reason for such significant association.

Limitations of this meta-analysis deserve to be acknowledged. First,
the number of enrolled studies was small with small sample size. The
largest study in our analysis was performed on about 200 subjects.
Moreover, six included studies were BMI or weight matched, but in
most records the mean BMI of the PCOS patients was higher than
controls. This issue can lead to decreased serum zinc of PCOS subjects.
Therefore, the results should be interpreted with caution. Included
studies were heterogeneous regarding BMI, analytical method for
measuring zinc serum levels, population, ethnic groups and quality
score. Accordingly, further studies aiming to assess zinc serum levels as
well as its dietary intake in patients with PCOS are warranted to explain
the exact link between zinc status and PCOS.

5. Conclusions

We showed that when detailed analysis is conducted, there is a
significant difference between women with PCOS and their healthy
counterparts in terms of zinc status. Due to small number of subjects in
previous works, large scale studies are needed before any solid con-
clusion could be drawn.
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