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Abstract:

Background: Polycystic ovary syndrome, as a low-grade chronic inflammatory state, may
stimulate the immune response, increasing inflammatory factors such as C-reactive protein
(CRP) and Interleukin 6 (IL-6) on one hand and zinc, another effective anti-inflammatory
agent, on the other. The aim of this study is to evaluate the effect of zinc on inflammatory
markers in women with polycystic ovary syndrome.

Patients and Methods: In a randomized, double-blind, and placebo controlled clinical trial,
sixty patients with polycystic ovary syndrome were randomly divided into two groups, each
group received one of the following daily supplement for eight weeks; group Zn: 50 mg
elemental zinc (n = 30), and group P: Placebo (n =30). Fasting serum zinc levels, inflamma-
tory markers, systolic-and diastolic blood pressure, anthropometric indices, and nutritional
intake were measured at the baseline and the end of 8th week.

Results: Results indicate that after eight weeks of supplementation, mean value of nutritional
intake, anthropometric indices, and systolic-and diastolic blood pressure did not change
significantly in the two groups. Zinc supplementation had significant effects in increasing
serum Zn (p < 0.05) and in decreasing serum hs-CRP and IL-6 levels (p < 0.05). There were
no significant changes in the levels of these parameters in the placebo group.

Conclusions: The findings of the present study indicate that zinc supplementation may be
considered as an inexpensive adjunct to treatments in patients with polycystic ovary syn-
drome in the hope of reducing cardiovascular disease risk factors, particularly inflammation.
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Introduction:

Polycystic ovary syndrome (PCOS) is a
heterogeneous disease that affects about
5-10% of reproductive-age female popu-
lation, which is predominantly character-
ized by chronic anovulation and hyperan-
drogenism. It also shares components of
the metabolic syndrome (MS) manifested
by abdominal obesity, insulin resistance,
dyslipidemia, and endothelial dysfunc-

tion.(t* 2

Central adiposity appears to
play an important role in the metabolic
phenotype through the production of
various adipocyte-derived cytokines and
proteins known as adipokines.® Fur-
thermore, PCOS has been described as a
state of chronic low-grade inflammation
mainly characterized by a modest rise in
serum C-reactive protein (CRP) com-
pared to the weight matched controls.*®
Substantial experimental evidence and
more recent cross sectional data suggest
that interleukin 6 (IL-6) and CRP, two
sensitive physiological markers of sub-
clinical systemic inflammation, are asso-
ciated with hyperglycemia, insulin resis-
tance, and overt type 2 diabetes mellitus
(DM). Both of these inflammatory bio-
markers are known to predict the devel-
opment of cardiovascular disease in dia-
betic and also healthy populations.t” IL-
6, a major proinflammatory cytokine, is
produced in a variety of tissues including
activated leukocytes, adipocytes and en-
dothelial cells. CRP is the principal down-
stream mediator of the acute phase re-
sponse and is primarily derived via IL-6-
dependent hepatic biosynthesis. In ro-
dent models of glucose metabolism, the
in vivo infusion of human recombinant
IL-6 has been shown to induce gluconeo-

genesis, subsequent hyperglycemia and

compensatory hyperinsulinemia. Similar
metabolic responses have been observed
in human subjects after administration of
subcutaneous recombinant IL-6.®) Sev-
eral studies have demonstrated elevated
levels of IL-6 and CRP among individuals
both with features of the insulin resis-
tance syndrome and clinically overt type
2DM.0:®

Due to the proven relationship between
inflammation and many of the chronic
diseases that PCOS patients often de-
velop @), interventional planning that
emphasizes anti-inflammatory nutrients
to reduce inflammatory markers in this
population is of great importance. Among
micronutrients, zinc is one of the most
important trace elements required as a
catalytic, structural, and regulatory ion
for the activities of more than 300 en-
zymes, proteins, and transcriptional fac-
tors. Therefore, zinc is a key element in
many homeostatic responses of the
body, including oxidative stress and in
many biological functions, including im-
mune efficiency.% 1 Multiple roles of
zinc as a modulator of the inflammatory
mechanisms in cell cultures and animal
models have been observed *?: How-
ever, the use of zinc in the management
of inflammatory biomarkers such as IL-6
and hs-CRP in patients with PCOS has
not been reported. So, this study is
aimed at investigating the effect of zinc
supplementation on biomarkers of in-
flammation in patients with polycystic

ovary syndrome.

Patients and Methods:
This study is a double-blind, randomized,

parallel-group clinical trial of zinc sup-
plementation at a dose (50 mg/d), com-

pared to placebo in women with PCOS
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volunteers. The study is approved by the
Institutional Review Board and Regional
Ethical Committee at the Medical Science
University of Tabriz, Iran
(5/4/2484),registered at IRCT
(IRCT138803212017N2),and
consent was obtained from participants.
The diagnosis of PCOS is based on the

informed

Rotterdam criteria !*> with women satis-
fying at least two of the following three
criteria: 1) oligomenorrhea/oligo-
ovulation; 2) clinical or biochemical hy-
perandrogenism; 3) polycystic ovaries on
ultrasound examination. Inclusion criteria
for all participants were: unchanged
regular physical activity at moderate lev-
el, BMI = 25, and age range of 20 to 45
years. Exclusion criteria were: chronic or
acute illnesses, pregnancy, hypothyroid-
ism, hyperprolactinemia, Cushing’s syn-
drome, congenital adrenal hyperplasia,
androgen-secreting neoplasms, and cur-
rent or previous (within last 2 months)
use of any medications known to affect
inflammation (statins, thiazolidinediones,
and corticosteroids), anti-diabetic and
anti-obesity drugs, insulin or vitamin and
mineral supplements. None of the pa-
tients were affected by neoplastic, meta-
bolic, or cardiovascular disorder or other
concurrent medical illness (including dia-
betes, hypertension or kidney, liver, thy-
roid, autoimmune, cerebrovascular, and
ischemic heart disease). All subjects were
non-smokers, had normal physical activ-
ity and none of them drank alcoholic
beverages. Patients were permitted to
continue taking current medications, in-
cluding estrogen-progestron compounds,
but no new medication within 60 days
and no change in dosage for the last 30

days.

In the present study, according to inclu-
sion and exclusion criteria and medical
records, 200 patients that attended the
infertility and general clinics of Alzahra
Hospital in Tabriz city,Iran, were chosen.
After face to face interview and explana-
tion of the objectives of the trial, 65 pa-
tients consented to participate in the
study.

Patients were randomized to receive 50
mg of zinc in the form of zinc-sulphate
and placebo for 8 weeks (60 days). Pa-
tients took one capsule per day in the
morning for the duration of the trial. Pla-
cebo capsules contained corn sturch and
they were identical to the treatment cap-
sules in size, shape and color. At study
entry and at the end of week 8, 10 cc
venous blood sample was taken from
each patient for complete hormonal and
biochemical assays. All blood samples
were obtained in the morning between
08:00 and 09:00 a.m. after an overnight
fast and resting in the bed during the
early follicular phase (d 2-5) of a spon-
taneous or P-induced menstrual cycle.
During the same visits, all subjects un-
derwent anthropometric measurements,
including body mass index (BMI) and
waist to hip ratio (WHR) ,and nutritional
intakes for three days (two workdays and
one holiday) by use of 24-hour Food Re-
cord questionnaire and analyzed by Nu-
trition III software. Blood samples were
centrifuged immediately and sera were
stored at —70°C until assayed. Serum
zinc (Zn) was analyzed using an atomic
absorption spectrophotometer (Model
CTA-2000, Chem Tech, USA) in the labo-
ratory of Nutrition Research Center (Fac-
ulty of Health & Nutrition). Hs-CRP con-

centration was determined by immuno-
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turbidometric methods using autoana-
lyzer (model Alcyon 300 Abbott, USA and
Germany). IL-6 concentration was also
determined by ELISA methods (Bio-
Source Europe S.A.). The systolic and
diastolic blood pressure (SBP and DBP)
(10 minutes seated rest, mean of two
readings) was measured manually with a
sphygmomanometer at baseline and af-
ter two months’ supplementation. The
subjects were asked not to alter their
usual diets and physical activity through-
out the study, and any changes in their
medication were avoided whenever pos-
sible. Statistical analyses were performed
with SPSS software (version 13.0). Only
data from patients who had baseline and
final data and did not violate the proto-
col, were used in the calculations. All
values are expressed as mean = SD
(standard deviation). Means before and
at the end of week 8 were analyzed by
paired t-test. Normal distribution was
tested by the Kolmogorov-Smirnov test
while differences in normally distributed
continuous variables were analyzed with
the help of independent 't' test. The level

of significance was defined at P<0.05.

Results:

Sixty-five patients were randomly as-
signed into Zn group (50 mg/d, n =35),
and placebo group (n =30) and were fol-
lowed up for 8 weeks. Five patients were
excluded after three weeks because of
intervention intolerance, and sixty pa-
tients (n =30, in the Zn group, n =30 in
the placebo group) completed the study
(Figurel). The baseline characteristics of
the subjects allocated to zinc or placebo
are presented in Table 1. There were no
significant differences in age, body mass
index (BMI) and nutritional intake (Table
2). At the beginning of the study, the
groups were similar based upon serum
levels of Zn. During the study, the Zn
group showed a significantly greater in-
crease in serum zinc compared to the
placebo group (p < 0.05; Table 3).
Effects of zinc on inflammatory bio-
markers were evaluated by comparison
of mean serum levels of hs-CRP and IL-6
after 60 days of treatment. At baseline
hs-CRP and IL-6 concentrations were not
significantly different among the groups.
Table 3 documents the significant de-
clines in the mean serum levels of hs-
CRP and IL-6 in Zn group after 8 weeks
(P< 0.05).
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Tablel. Baseline characteristics of study participants

Variable Zinc group Placebo group
(n= 30) (n=30)
Age (y) 27.17+4.58 26.93+4.77
Marriage(n)
Single 12 10
Married 18 20
Occupation (n)
Unemployed 10 7
Student 3 4
Housekeeper 14 18
Employee 3 1
Education (n)
Illiterate 1 2
Elementary 6 5
Incomplete secondary 8 9
Diploma 12 10
University 3 4
Habitation (n)
Rural 16 13
Urban 14 17
Use of medications(n)
Type of medications
Provera 8 7
LD 20 20
Yasmin 2 3

n = number of subjects

Data are means = SD and were analyzed by the Student’s t-test.

Table2. Comparison of clinical data of patients with PCOS in zinc and placebo groups at the baseline
and at the end of 8 weeks.

Variables All subjects Zinc group Placebo group
(n = 60) (n =30) (n = 30)
At baseline After 8 wk At baseline After 8wk At baseline After 8 wk
Weight (kg) 75.87+4.41 75.88+4.44 76.13+4.39 76.03+£4.36 75.61+4.49 75.73+4.60
BMI ( kg/m2) 29,39 +£1,65 29.40+1.70 29.50+1.68 29.47+1.69 29.28+1.64 29.33+1.72
WC ( cm) 97.24+6.42 97.10+6.51 97.28+5.9 97.05+6.21 97.20+6.96 97.15+6.90
Hip (cm) 109.34+8.31 109.09+8.31 109.58+6.31 109.15+6.3 109.11+10.02 109.02+10.0
0.89+0.03 0.89+0.04 0.88+0.04 0.88+0.04 0.89+0.03 2
WHR 131.69+4.95 131.96+5.04 131.08+4.86 130.65+4.7 132.31+5.04 0.89+0.03
SBP (mmHg) 87.39+2.24 87.84+1.89 87.39+2.38 87.51+£2.01 87.40+2.12 133.27+5.06
DBP (mmHg) 88.17+1.72
Nutritional intake
Energy (kcal) 1733.87+71.59 1738.86+68.67 1737.84+78.89 1742.26+76.79 1729.91+64.58
Carbohydrate(g) 212.44+11.41 214.27+11.90 214.42+12.79 216.27+13.30 210.45+9.66 1735.47+60.
Protein (g) 62.08+4.19 62.07+4.20 62.05+4.31 61.47+£3.95 62.11+4.14 61
Fat (g) 70.64+4.92 70.38+5.06 70.21+4.41 70.14+4.94 71.07+£5.43 212.27+£10.1
Zinc (mg) 5.45+0.80 5.59+0.81 5.36+0.83 5.57+0.91 5.54+0.78 5
62.66+4.42
70.63+5.26
5.62+0.71

Note: Data are expressed as mean £ SD. Means before and at the end of week 8 were analyzed by
paired t-test, and t-test was used to compare mean differences among groups. Baseline differences
between groups were not significant (t-test). P values for differences in characteristics between pla-
cebo and zinc groups were all statistically insignificant (P >0.05)

SBP: Systolic blood pressure, DBP: Diastolic blood pressure.
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Table 3 .Effects) change from baseline) of zinc supplementation on

serum (hs-CRP, IL-6 and Zn) levels

Outcome vari- Placebo Zinc P
able (n = 30) (n = 30) versus placebo

Zinc (ug/dl)

Baseline 78.25+4.78 |76.11+5.85

Final 79.30+4.70 |108.18+9.70

Change 1.05+ 3.87 32.06+9.68 0.0001

P 0.14 0.0001

Hs-CRP (mg/l)

Baseline 3.47£1.60 3.62+1.47

Final 3.54+£1.60 1.54 £0.80

Change 0.7£0.25 -2.07+1.0 0.0001

P 0.13 0.0001

IL-6 (pg/ml)

Baseline

Final 25.57+£5.87 |25.89+5.75

Change 25.71+£5.77 |15.44+1.98

P 0.14+0.8 -10.45+4.27 |0.0001
0.32 0.0001

Data are means + SD and were analysed by Student’s t-test.
Baseline differences between groups were insignificant.(t-test).
*P < 0-05 for changes compared to baseline.

200 Persons
were screened

135 Were

65 Underwent
randomization

35 Were assigned
to a zinc group

5 Withdrew:
{ because of

intolerance)

h 4

Completed:
n=30

Figure 1

excluded

30 Were assigned
to a placebo group

h 4

Completed:
n =30
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Discussion:
Polycystic ovary syndrome (PCOS) is a

common endocrine-metabolic disorder
associated with long-term health risks,
including diabetes mellitus and coronary
artery disease.!¥) There are a large
number of evidences suggesting that pa-
tients with PCOS have increased cardio-
vascular risk compared with age matched
controls. It has been estimated that myo-
cardial infarction is seven times more
likely in patients with PCOS.®*) Inflam-
mation is now thought to play a key role
in the pathophysiological mechanism of
atherosclerosis and cardiovascular dis-
ease. Epidemiologic data have shown a
relationship between elevation of CRP
levels and cardiovascular risk in people
with and without a history of heart dis-
ease; furthermore, it is a good predictor
of vascular events.*® Elevated CRP lev-
els are a common feature of metabolic
disease and also have been linked to in-
sulin resistance, diabetes, the metabolic
syndrome, hypertension, and other risk
factors for cardiovascular diseases.'”)
Hepatic production of CRP primarily is
under the control of interleukin-6 stimu-
lation.*®

Recent evidences support an anti-
inflammatory effect of zinc. Zinc is in-
volved in fighting oxidative stress and
inflammation.*? Studies suggest that
zinc nutrition can markedly modulate
mechanisms of the pathology of inflam-
matory diseases such as atherosclero-
sis.*>) There are several mechanisms by
which zinc might be capable of inhibiting
atherogenesis. Zinc is an important com-
ponent of biomembranes and an essen-

tial cofactor in a variety of enzymes.??

To our knowledge, this is the first pro-
spective randomized double-blind pla-
cebo-controlled trial evaluating the effect
of zinc supplementation on CRP and IL-6
levels in PCOS women. Tamakoshi et al
Y have suggested that metabolic syn-
drome may be related to a subclinical
chronic inflammatory state. Thus, PCOS,
as one of the diseases that is associated
with metabolic syndrome, also may have
changes in inflammation factors such as
CRP and IL-6. Wu et al ?? found that the
PCOS state, as a low-grade chronic in-
flammatory state, may stimulate the im-
mune response, increasing inflammatory
factors such as CRP and IL-6. We found
that Zinc supplementation decrease CRP
and IL-6 levels in PCOS women. In this
study, nutritional intake and anthropom-
etric indices is presumed as confounding
factors. Therefore, neither nutritional in-
take change nor anthropometric indices,
show the lack of effect of these variables
on inflammatory markers. At the onset of
our study, serum zinc, CRP and IL-6 lev-
els were similar in two groups and there
were no significant differences among
them. After intervention, the zinc sup-
plemented group presented a reduce in
both CRP and IL-6 and an increase in
zinc concentrations with a statistically
significant difference in relation to the
initial values (p < 0.05), as shown in Ta-
ble 3. The placebo group did not present
statistically significant differences.

Prasad et al.®®® reported that in compari-
son to the younger adults, the elderly
subjects had lower plasma zinc, in-
creased generation of inflammatory cyto-
kines, and increased oxidative markers.
Following zinc supplementation to the
elderly subjects, the plasma zinc in-
creased, oxidative stress markers de-
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creased and generation of inflammatory
cytokine decreased in comparison to the
placebo group. Zinc has several key roles
relating to cell signaling, cell activation,
gene expression, protein synthesis, and
apoptosis. Zinc is crucial to the normal
development of immune cells, and it
plays an important role in maintaining
the activity of a range of immune cells,
including neutrophils, monocytes, macro-
phages, natural killer cells, and B and T
cells.®

A few investigators ®> 2%) have reported
that inflammatory cytokines such as tu-
mor necrosis factor-a (TNF-a) and IL-1PB
are generated by activated monocytes
macrophages, and increases in these cy-
tokines are associated with decreased
zinc status in patients. In another study
@7, zinc supplementation to healthy hu-
man subjects aged 20-50, reduced the
concentrations of the oxidative stress-
related byproducts malondialdehyde
(MDA), 4-hydroxyalkenals (HAE), and 8-
hydroxydeoxyguanine in the plasma; in-
hibited the ex vivo induction of TNF-a
and IL-6 mRNA in mononuclear cells
(MNCs); and provided protection against
TNF- a -induced nuclear factor-kp acti-
vation in isolated MNCs. Kahmann et al
28 showed significant reductions in basal
cytokine levels after supplementation, on
average, of 50mg pure zinc/d. As a main
marker for total amount of inflammation,
IL-6 is of special importance in their
study and zinc treatment leads to a
96.5% decrease in basal IL-6 release.
Kandhro et al ** demonstrated that Zn
supplementation was given 5 day/wk for
6 month (30 mg/day) to patients with
goitrous diseases, improve the Zn level in

biological samples and resulted in de-

creased concentration of CRP in both

genders.

Conclusions:
This study demonstrated that zinc sup-

plement in patients with PCOS receiving
their regular therapy positively affected
inflammatory biomarkers as measured by
the serum hs-CRP and IL-6. Zinc sup-
plementation may represent an effective
adjunctive therapy for patients with
PCOS to prevent cardiovascular disease.
Results of this study warrant further
evaluation of the effects of this supple-
ment on other inflammatory parameters
in PCOS subjects.
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