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Abstract Insulin resistance is a very common associate of
polycystic ovary syndrome (PCOS). Pathophysiology in rela-
tion with the essential elements including copper, magnesium,
zinc, manganese, chromium, and calcium has been reported in
women with insulin resistance. This prospective study was
designed to explore whether the womenwith PCOS do exhibit
altered serum element levels in association with/without insu-
lin resistance. One hundred and thirty-two women with PCOS
and forty-six control women were studied. Women with
PCOS were further divided based on the presence of insulin
resistance (insulin resistant: n=50; non-insulin resistant: n=
82). In all women, basal levels of gonadotropins, prolactin,
testosterone, insulin, glucose, and the six different elements
were measured. Serum levels of testosterone (p<0.001), lutei-
nizing hormone (p<0.05), and fasting insulin (p<0.004) were
significantly higher in the PCOS population compared to
controls as well as PCOS women without insulin resistance.
Women with PCOS exhibited a significantly high calcium
(p<0.04) and lower manganese levels (p<0.002) when
compared to controls. However, the PCOS women with
insulin resistance exhibited significantly lower serum levels

of magnesium and chromium (p<0.04), in addition to
higher levels of zinc and copper (p<0.04). The differences
in calcium (p<0.03) and manganese levels (p<0.0001)
became aggravated with the presence of insulin resistance
when compared to control as well as PCOS women
without insulin resistance. In PCOS-associated insulin re-
sistance, circulating serum magnesium (r=−0.31; p<0.03)
and chromium (r=−0.38; p<0.006) status significantly cor-
related with fasting insulin levels.We conclude that imbalanced
element status may be a key foundation for insulin resistance in
PCOS. The findings in this study should be investigated with
further trials in order to obtain new insights into PCOS.
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Introduction

The anatomical and functional integrity of the reproductive
system is influenced by genetic, physiological, and environ-
mental factors. Nutrition represents one such environmental
influence. It is generally acknowledged that not only under-
and over-nutrition, but deficiency or excess of single nutrients
may also compromise the integrity of the reproductive perfor-
mance [1–3]. Polycystic ovary syndrome (PCOS), probably
the most common endocrine disorder in women of reproduc-
tive age, is traditionally characterized by chronic anovulation,
functional hyperandrogenism, and/or polycystic ovaries on
ultrasound examination [4]. The syndrome has enigmatic
pathophysiologic and molecular basis in which environmental
factors act on a genetic background. Insulin resistance (IR) is
an important ‘upstream’ driver for the reproductive and met-
abolic abnormalities inmanywomenwith PCOS predisposing
the population to the development of glucose intolerance and
ultimately type 2 diabetes mellitus (T2DM) [5].

Precis: Polycystic ovary syndrome in conjunction with insulin
resistance demonstrates a significant alterations in mineral status
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Data on mineral levels in women with PCOS have not
been adequately addressed. Decreased magnesium level was
reported in women with increased testosterone levels [6]
and/or IR [7]. Serum zinc levels were found to be lower in
diabetic patients than in controls in one study [8], while
another study showed no significant differences between
them [9]. High-ionized [10] and/or increased coronary ar-
tery calcium [11] is often associated with the long-term
complications of PCOS such as T2DM, IR, and/or cardio-
vascular problems. Indeed, Pasquali et al. demonstrated that
calcium channel blockers regulate insulin secretion [12],
which can reduce the degree of hyperinsulinemia, and ame-
liorate the state of IR in particularly men with obesity and
hypertension [13].

The routinely provided therapies are usually targeted
against the prevalent endocrine disorder [4]. Alternative
treatment options aimed at improving glucose control in-
clude nutritional supplement of chromium [14]. Although a
clear link between chromium and glucose metabolism is
documented, evidence for its interaction in insulin-resistant
state is ambiguous. However, the data from wildlife studies
and laboratory studies with rodents, ungulates, and nonhu-
man primates revealed a significant role of endocrine-
disrupting chemicals in the pathogenesis of several female
reproductive disorders, including PCOS [15]. Excessive
generation of reactive oxygen species (ROS) is a common
feature in patients with PCOS [16, 17]. Manganese, zinc,
and copper are essential micronutrients incorporated into
many metalloenzymes and proteins responsible in cell me-
tabolism and regulatory pathways of oxidative stress [18].
We thought that there might be a relationship between these
trace elements and PCOS linked to the oxidative stress. In
the current study, we aimed to investigate serum levels of
some essential elements (copper, zinc, magnesium, manga-
nese, calcium, and chromium) in patients with PCOS.

Materials and Methods

Subjects

This prospective study was conducted at Institute of Repro-
ductive Medicine, Kolkata, India, on patients selected from
the women attending the infertility clinic between June 2010
and July 2011. The investigation was performed with ap-
proval from the Research Ethics Board of the Institute. One
hundred and eighty-eight women younger than 30 years of
age having primary infertility for 5–10 years were initially
enrolled demonstrating one/more following signs like oligo-
menorrhea, hirsutism, or acne. Cases with severe endome-
triosis (n=13), history of previous pelvic surgery (n=2),
baseline (day 2) FSH>12 mIU/ml (n=3), or type 2 diabetes
mellitus (n=38) were excluded. The remaining women

diagnosed with PCOS (n=132) were included in the study.
The diagnosis of PCOS was based on the presence of two out
of the following three features: chronic anovulation/oligome-
norrhea, biochemical hyperandrogenemia and polycystic ova-
ry morphology (>12 follicles) on ultrasound. Other common
causes of hyperandrogenism (prolactinoma, congenital adre-
nal hyperplasia, Cushing syndrome, and virilizing ovarian/
adrenal tumors) were excluded in accordance with the criteria
proposed in 2003 by the Rotterdam ESHRE/ASRM spon-
sored PCOS Consensus Workshop Group [19]. All were
healthy, euthyroid, and had normal renal function as demon-
strated by normal creatinine clearance values.

Women with PCOS were sub-stratified into two groups
on the basis of insulin resistance. The first group comprised
women who demonstrated IR with polycystic ovary mor-
phology (n=50) and the other without IR (n=82; Fig. 1).
Forty-six age- and weight-matched control women having
their infertility attributed to male factors were selected as the
control group. They had normal ovulatory cycles (mean ± SD)
of 28±2 days and normal ovarian morphology on ultrasound.
Controls had no signs of hyperandrogenism and none of the
women studied had galactorrhea or any systemic disease that
could possibly influence their reproductive physiology. Fur-
thermore, no women reported use of any medication that
could possibly alter their hypothalamic–pituitary–gonadal
axis. Necessary measures were taken to make the assessments
free from the influence of factors known to have modulatory
effects on the metabolism of the concerned trace elements and
it was assured that no subjects were on a course of multivita-
min supplementation for last 2 months. All subjects gave fully
informed consent.

Assessed for eligibility (n=188)

Excluded (n= 56)

•Endometriosis (n=13)
•Pelvic surgery (n=2)
•Baseline FSH  12mIU/ml (n=3)
•Type 2 diabetes mellitus (n = 38)

PCOS population screened as per Rotterdam consensus (n=132)

PCOS-IR (n = 50) PCOS - NIR (n = 82)

PCOS subjects were sub-stratified on the basis of insulin resistance (IR)

Fig. 1 Enrolment and distribution of study cohorts. One hundred and
eighty-eight women younger than 30 years of age having primary
infertility for 5–10 years were initially enrolled representing one/more
following signs like oligomenorrhea, hirsutism or acne. Cases with
severe endometriosis (n=13), history of previous pelvic surgery (n=2)
or baseline (day 2) FSH>12 mIU/ml (n=3) and diabetes mellitus (n=
38) were excluded. From the selected study population women with
PCOS (n=132) were diagnosed. Women with PCOS were sub-
stratified into two groups on the basis of insulin resistance (IR). The
first group comprised women who confirmed IR with polycystic
ovary morphology (n=50) and the other without IR (n=82)
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Biochemical Evaluations

Blood samples were collected between the second and the
fourth day of the spontaneous or steroid challenged (gestagen;
medroxyprogesterone acetate: Meprate; Serum Institute of
India, Mumbai, India) menstrual cycles of the ovulating wom-
en and of women who presented only with hyperinsulinemia
with a spontaneous bleeding of the anovulatory population, at
9 AM after an overnight fast. On the same day the transvaginal
ultrasound examination was performed. Follicle-stimulating
hormone, luteinizing hormone, thyroid-stimulating hormone,
prolactin, testosterone (total), and insulin were assayed in
serumwith automated chemiluminescence assay system using
an Immulite® platform (Diagnostic Products Corporation, Los
Angeles, CA, USA). The intra- and inter-assay coefficients of
variation were <10 % for all assays performed. Glucose levels
were measured using VITROS dry chemistry system®
(Ortho-clinical diagnostics, France). All samples were
assayed in duplicate.

Criteria for Diagnosis of Insulin Resistance

IR was determined by homeostasis model assessment
(HOMA2-IR>2.1) using the Oxford Diabetes Trials Unit
calculator (http://www.dtu.ox.ac.uk; University of Oxford,
UK). (HOMA2-IR=(fasting insulin×fasting glucose)/22.5).
Patients with HOMA2-IR greater than 2.1were classified as
IR. In order to identify “IR”, the cut-off value of HOMA2-
IR was set at 2.1. In Indian population Homa2-IR value
>1.93 is considered as insulin resistant [20] while in a
Chinese population the cut-off for HOMA2-IR was set at 2
[21]. Hence, as a measure of abundant caution, the limit has
been fixed at a slightly higher value.

Determination of Copper, Manganese, Zinc, Calcium,
Magnesium, and Chromium

In order to determine elements levels, venous blood samples
were collected on day 2; serum was separated by centrifu-
gation for 5 min at 5,000 rpm at 4 °C and stored at −70 °C
until analyzed. Serum levels of copper, manganese, zinc,
calcium, magnesium, and chromium were measured by
atomic absorption spectrophotometer (AA240 Varian ver-
sion 5.0; Agilent Technologies. Inc, USA) at the division of
atomic absorption spectrometry, Bose Institute (Kolkata,
India). Flame atomization procedure was used for each of
the elements measured at required specific wavelengths
(calcium, 422.7 nm; magnesium, 285.2 nm; chromium,
357.9 nm; manganese, 279.5 nm; copper, 324.8 nm; and
zinc, 213.9 nm). Necessary measures were taken to make
the assessments free from the influence of factors having
modulatory effects on the metabolism of the concerned trace
elements during the 7 days prior to sample collection.

Statistical Analysis

The Kolmogorov–Smirnov test was used to test the normal-
ity of distribution. The data were expressed as mean ± SEM
and ‘n’ refers to the number of determinations. Student’s t
test was used to analyse differences between the experimen-
tal and control observations. Bivariate correlation analysis
(calculation of the Pearson coefficient) was used to assess
the correlation of mineral levels with other parameters. All
analyses were performed by Graph-pad In stat software. p<
0.05 was considered to be statistically significant.

Results

The anthropometric and basal hormonal features of four
groups are summarized in Table 1. Serum luteinizing hor-
mone (p<0.05) and testosterone (p<0.001), levels were
significantly higher in women with PCOS, compared to
controls. An elevated LH/FSH ratio (>2:1) was found in
56.06 % of the subjects with PCOS (74/132). Fasting insulin
(p<0.004) levels and HOMA2-IR (p<0.05) values were
significantly higher in women with PCOS, compared to
the control group. Serum element levels were comparable
between the PCOS and control population, except serum
calcium (p>0.04) and manganese (p<0.002) levels, which
were significantly higher in the former (Fig. 2). Further-
more, mean serum calcium/magnesium ratio in the PCOS
population (3.31±0.35) was significantly higher (p<0.02)
than that of the control group (2.41±0.14; Fig. 3). Around
55 % of the PCO patients had a calcium/magnesium up
above the highest level observed in the control group. Most
strikingly, 25 % of this study population having IR repre-
sents the population having higher calcium/magnesium.
Fasting glucose levels were significantly higher (p<0.001)
in PCOS women with IR compared to controls.

Since a number of women with PCOS exhibited some form
of hyperinsulinemia, they were further divided into women
with or without IR based on the insulinemic response accord-
ing to the HOMA2-IR values. Eighty-one PCOS subjects
were classified as hyper-insulinemic (61 %), of which 50
patients turned out to be insulin resistant. The remaining 51
(39 %) constituted the normo-insulinemic population and 82
subjects were categorized as the non-IR cohort. It deserves to
mention that all the control subjects were normo-insulinemic.
Further analysis revealed that the majority of women with
elevated insulin concentrations belong to the group with nor-
mal luteinizing hormone/follicle-stimulating hormone ratio.
HOMA2-IR level (2.83±0.54) was significantly higher (p<
0.02) among insulin-resistant PCOS population compared to
controls (Table 1).

In order to determine possible connection between the
studied metals in insulin-resistant women with PCOS, we
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found the significantly lower levels of serum magnesium
(p<0.04), manganese (p<0.0001), and chromium (p<0.04)
whereas, higher values of serum calcium (p<0.03), copper
(p<0.04), and zinc (p<0.04) levels. No noteworthy varia-
tions were perceived in the non-IR PCOS subset (Fig. 2).

No significant correlation between mineral levels and tes-
tosterone, HOMA2-IR, and insulin values was observed. How-
ever, magnesium (r=−0.31; p<0.03) and chromium (r=−0.38;
p<0.006) levels were significantly correlated with fasting in-
sulin levels in insulin-resistant PCOS women.

Discussion

The mechanistic links between obesity, hyperinsulinemia,
and anovulation have been investigated to a larger extent.
Many publications concerned the physiological levels of

elements in PCOS, however, a number of questions pertain-
ing to the pathogenesis of the disease still remain unclear. In
women with PCOS, a correlation in some elements concen-
trations has been reported [22–24] in most but not all [24].
In the present study, women with PCOS had lower manga-
nese, magnesium, and chromium with increased calcium,
copper, and zinc concentrations than controls. However,
women with PCOS in association with IR had significantly
lower (p<0.04) serum magnesium levels than controls.
Moreover, a significant negative correlation (r=−0.31; p<
0.03) reinforced the idea that PCOS-associated IR results in
reduced magnesium concentrations. Besides this observa-
tion of ours contradicts the cross-sectional study by Sharifi
et al. [25] and they reported that the magnesium deficiency
is not associated with IR. Nevertheless, hypo-magnesia is
associated with type 2 diabetes mellitus and other compo-
nents of metabolic syndrome [26]. This may raise a question
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cFig. 2 Bar diagram
representing the levels (ppm) of
minerals investigated in PCOS
women (n=132), PCOS women
with (n=50)/without (n=82)
insulin resistance with compar-
ison to controls (n=46). a–f
Depict copper, manganese,
zinc, calcium, magnesium, and
chromium levels, respectively.
IR insulin resistance, NIR
non-insulin resistance

Table 1 Anthropometric features and basal hormonal levels of women with polycystic ovary syndrome (PCOS), PCOS with/without insulin
resistance (IR) and healthy controls

Parameters Controls (n=46) PCOS (n=132) PCOS-IR (n=50) PCOS-NIR (n=82)

Age (years) 28.33±0.87 28.93±0.36 28.42±0.54 29.13±0.38

Body mass index (kg/m2) 23.02±0.17 23.57±0.49 24.06±0.82 23.27±0.41

FSH (mIU/ml) 6.95±0.35 6.27±0.13 5.92±0.41 6.58±0.56

LH (mIU/ml) 5.91±0.39 7.39±0.41** 7.43±0.44* 7.37±0.51

PRL (ng/ml) 12.64±1.88 14.11±1.32 14.08±1.47 14.12±1.79

Testosterone (ng/ml) 0.47±0.24 1.49±0.18*** 1.65±0.31*** 1.39±0.19***

Fasting glucose (mg/dl) 83.92±1.71 88.77±2.28 94.04±1.11*** 85.15±1.87

Fasting insulin (μIU/ml) 8.12±0.66 12.38±0.83* 14.02±0.72*** 11.31±0.91*

HOMA-2 IR 1.27±0.37 2.21±0.25*** 2.83±0.54** 1.86±0.35

Values are expressed in mean±SEM

*p<0.01; **p<0.05; ***p<0.001 vs. control
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whether women with magnesium deficiency in PCOS are
likely to proceed towards type 2 diabetes mellitus or meta-
bolic syndrome.

It is well known that insulin secretion is a calcium-
dependent process, while calcium levels in turn are interrelat-
ed to those of magnesium. Some recent studies showed that an
elevation in calcium is required for both first- and second-
phase insulin secretions [27, 28]. Magnesium deficiency can
secondarily lead to changes in cellular calcium levels [29].
Furthermore, increased intracellular calcium has also been
reported to induce diabetes [30] as well as IR [31]. Under
these circumstances, magnesium deficiency as observed in
PCOS-IR patients may lead to a reduction in insulin action
by increasing free calcium levels. In the present study a
significant rise (p<0.04) in serum calcium levels in women
with PCOS was observed compared to controls and PCOS
without IR. Interestingly, mean serum levels of calcium/mag-
nesium in the PCOS population were also significantly higher
(p<0.02) than that of the control group. An elevated level of
the ratio of the bivalent elements might be a reflection of
elevated extracellular calcium possibly in conjunction with
the impairments of voltage-gated calcium channels. For in-
stance, one study has showed that an increased serum calcium
level led to an increased cystolic calcium level, which induced
contraction of arterial smooth muscle [32] leading to a possi-
bility of coronary atherosclerosis, a long-term sequel of the
syndrome. Our study has clearly shown the fact that PCOS
subjects had higher calcium levels which aggravated in alli-
ance with IR (p<0.03). Hence, we postulate that PCOS-
associated IR results in decreased magnesium as well as
higher calcium concentrations.

Cellular chromium potentiates insulin signaling by in-
creasing insulin receptor kinase activity [33]. In this study
population, a significant lower chromium level in IR-PCOS

patients suggests possible impairment in the downstream
mechanism of insulin. A strong negative correlation (r=
−0.38; p<0.006) among chromium in insulin-resistant
PCOS patients further confirmed this observation and raised
question regarding the rate of insulin sensitivity in the
insulin-resistant subgroup.

The role of zinc in the prevention or clinical management
of PCOS and/or diabetes is unclear [34]. However, few studies
indicate a favorable outcome in diabetic patients following
zinc supplementation while others did not achieve similar
results [9]. In the current study, the level of zinc in the PCOS
group was on a rising trend, although not statistically different
from that of controls. Interestingly, PCOS in association with
IR demonstrated a significant increase in the level of zinc
when compared to controls (p<0.04). Zinc has been reported
to inhibit 5 α-reductase, which catalyzes the transformation of
testosterone to its non-aromatizable form, di-hydro testoster-
one [35]. Thus, elevation in zinc levels may also help to
reduce PCOS-associated hyperandrogenemia by limiting the
transformation of testosterone to its active form DHT. How-
ever, zinc is also one of the co-factors of antioxidant enzymes
such as catalase and superoxide dismutase (SOD). Since, role
of antioxidants and oxidative stress in PCOS patients have
been known for a long time, elevated zinc levels may have an
association with the increased oxidative stress, often seen in
PCOS patients [36, 37].

Copper is one of the essential trace elements and is a
cofactor of many enzymes involved in redox reactions, such
as cytochrome c oxidase or superoxide dismutase. In the
present investigation, higher serum copper level was ob-
served in PCOS patients than the controls which significant-
ly increased with the association of insulin resistance (p<
0.04). In addition to its enzymatic roles, copper similarly
can induce oxidative stress by catalyzing the formation of
reactive oxygen species and decreasing glutathione levels
[38]. Many studies conferred the role of increased oxidative
stress resulting from high generation of ROS in the patho-
genesis of PCOS [16, 17]. Although, SOD level was not
measured in this study, but recently Zhang et al. [39] dem-
onstrated that higher SOD levels was evident in PCOS
patients. This might give a cue towards an association
between copper and PCOS.

Manganese too is an essential element protecting against
oxidative stress and is a cofactor for the metalloenzyme like
Mn-containing SOD (MnSOD). It neutralizes the highly
reactive superoxide ions to less reactive hydrogen peroxide
(H2O2), which is followed by its immediate conversion to
H2O by catalase and other peroxidases in the mitochondrial
matrix [21]. In the present study, the mean serum manganese
levels (ppm) of PCOS patients (0.230±0.012) were signif-
icantly lower (p<0.002) corresponding to the controls.
Since oxidative stress is increased in PCOS, it is possible
that serum manganese level is decreased as a result of
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consumption in the antioxidant defense system including
MnSOD.

The selected subjects were infertile for 5–10 years which
probably raises the question of a potential systematic bias
which may be an error, or deviation from the truth, in results
or inferences. However, the PCOS population chosen may be
considered as a limitation to the present study. Because of the
study design and large size, we used serum measurements of
glucose as an indication of glucose metabolism rather than the
glucose tolerance test (GTT), which is a more precise method
of glucose tolerance. Furthermore, HOMA2-IR, a surrogate
marker for IR was used as a criterion for IR determination
without using standard GTT. This will remain as a limitation
[40] in the present study. Further studies are warranted to
explore the effect of these elements clinically because alter-
ation in the mineral status has not been evaluated against
different treatment regimens advised. In addition to this, the
levels of SOD, catalase, and cytochrome-c oxidase may also
need to be evaluated to know their possible relationships with
PCOS.

In conclusion, a possible association is perceptible in our
study between serum elements and women with PCOS. The
association attains a connotative level with the involvement
of IR in it. Additional studies evaluating the effects of these
elements supplementation would be required to confirm the
hypothesis as well as to ascertain whether insulin resistance
in the presence of magnesium deficiency can directly lead to
hypertension or a chromium-deficient state can switch on
the insulin axis promoting the disease of hyperinsulinemia.
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