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It has been reported that low concentration of zinc in
serum is associated with insulin resistance (IR), also appears to be a relationship
between insulin and leptin. In this study the possibility of increased leptin
concentration and zinc deficiency was evaluated. Their relationship with overweight
and IR was also investigated in women with polycystic ovary syndrome (PCOS).

In this case-control study, 104 PCOS cases and 99 healthy
individuals as control were included. Blood specimens were collected from
participants post overnight fasting period; zinc concentrations (spectrophotometry
method), leptin (ELISA method), insulin (ECLIA method), lipid profiles and glucose
were measured with enzymatic method. The homeostasis model assessment (HOMA)
index determined the IR level.

Zinc level was 87.20 + 11.32 pg/dl in PCOS group, and 113.68 + 8.31ug/dl
in control group. Leptin concentration was 23.06 + 3.33 ng/mL and 19.37 + 3.34
ng/mL, and IR was 2.37 +0.83 and 1.45 + 0.74 in case and control groups, respectively
(all p<0.001). Zinc had marked negative correlation with leptin, insulin, and IR
(p<0.001). According to the subject, which waist circumference and body mass index
(BMI) parameters were confounding factors, hyperleptinemia and zinc decrement
significantly affected PCOS subjects. In contrast, only zinc decrement had an
association with PCOS, after eliminating the confounding factors (OR: 0.782,
p<0.001).

Zinc reduction is more effective on PCOS than hyperleptinemia.
Hyperleptinemia has association with waist circumference and BMI; it can also
affect PCOS. Zinc deficiency is a more effective factor than an increase in leptin
concentration in women with PCOS.

Zinc, Leptin, Insulin resistance, Overweight, Polycystic ovary
syndrome

Copyright © 2021, This is an original open-access article distributed under the terms of the Creative Commons Attribution-noncommercial 4.0 International License which permits
copy and redistribution of the material just in noncommercial usages with proper citation.

Introduction

Adipose tissue, as an endocrine gland, affects metabolic
processes by secreting adipokines. Leptin hormone with
polypeptide structure is one of these adipokines which
plays an important role in several physiological functions
such as immunity and reproduction and energy home-
ostasis, and maintenance of normal body weight (1-3).
Some studies have shown that leptin expression is
enhanced by insulin, while leptin suppresses insulin
secretion from pancreatic 3 cells. In fact, there appears to
be a two-way relationship between P cells and adipose
tissue (4, 5). Normal levels of zinc in humans are vital for
the suitable functioning of physiological and metabolic
processes, lessening zinc levels, particularly in obesity-
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related processes, has negative impacts (6). Zinc acts as
an anti-inflammatory and antioxidant nutrient by contr-
olling transcription variables that are vital for lipid
amalgamation and oxidation. Taking zinc supplements in
hefty ladies plays a vital part in controlling weight and
ensuring against the chance of cardiovascular malady (7).
Zinc supplementation may be a valuable technique for the
treatment of the metabolic dysfunction related with
obesity (8). Polycystic ovary syndrome (PCOS)

introduced as the main endocrine disorder in women
(prevalence 9-18%) at regenerative age. Obesity and the
distribution of abdominal fat in women with PCOS in the
middle years of fertility increase the chances of deve-
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loping type 2 diabetes compared to the normal group (9).
Hypertension and insulin resistance (IR) are observed as
it were in obese women with PCOS, which puts them at
chance for low-grade inflammation and cardiovascular
disease (10). IR is found in 50-70% of PCOS involved
women; it is presently acknowledged as a significant risk
factor for metabolic syndrome advancement in cited
individuals (11). Low BMI-independent adiponectin
concentrations and IR with compensatory hyperinsu-
linemia were detailed in PCOS (12). About 80% of PCOS
women have obesity and an additional load of IR is forced
on them due to the nearness of abundance fat in them (13,
14). Since there are inadequately thinks about on the
concentration of zinc and leptin and their relationship with
overweight and affront resistance in PCOS, within the
show consider, serum zinc and leptin levels were
measured; the relationship with overweight and insulin
resistance were also inspected.

Materials and Methods

Subjects: 203 women among 18 and 38 years involving
104 recently analyzed PCOS women and 99 healthy
individuals as control were selected at current research.
The considerable studied individuals were outpatients in
the Gynecological Clinic Fatemieh Hospital of Hamadan
College of therapeutic sciences from April to October
2020. Based on Rotterdam criteria, presence of the two
out of three following features is considered as PCOS,
clinical and/or biochemical signs of hyperandrogenism,
polycystic ovaries and oligo-or anovulation (15). Patients
by secondary causes of PCOS as described below were
excluded: Cushing syndrome, prolactinoma, innate adre-
nal hyperplasia, virilizing ovarian and adrenal tumors.

Controls were selected from similar population from
point of socioeconomic characteristics; they were coordi-
nated for age and body mass index (BMI) by the cases.
Whole control individuals had normal ovulating cycles;
no hyperandrogenism signs were observed. There was not
any systemic sicknesses or medication consumption
which might affect reproductive system or physiology.
The ethics committee of Hamadan University of Medical
Sciences (ethics committee code: IR.UMSHA.REC-
.1399.039) was confirmed the present research. The
research purposes were explained to whole participants;
they signed the informed consent. The participants did not
pay any money for biochemical tests performance; the test
results were also reported to them.

Measurements:

Participants weight was measured to the closest 0.1kg
by a balanced-beam scale. Moreover, and height was also

measured with a stadiometer to the nearest 0.5 cm, while
participants had light clothes. BMI is always calculated
based on the following formula: weight/(height?) equa-
tion; it was computed based on the cited formula.

Waist circumferences is defined as the distance bet-
ween the least rib and the iliac crest in umbilicus level; it
was measured duplicity by an adaptable tape. Blood tests
were gathered during the days 3- 6 of unconstrained
menstrual cycle in all women, after 12 hours fasting at 08-
09 Am. The primary levels of FSH, LH, leptin, serum
glucose, zinc, lipid profile and insulin were measured. The
homeostasis model assessment index (HOMA)-B were
calculated based on the following formula for p-cell
function: (fasting plasma insulin (mU/l) x20 /fasting
plasma glucose (mmol/l) — 3.5); HOMA-IR was also
calculated for IR (fasting plasma insulin (mU/I) xfasting
plasma glucose (mmol/1)/22.5). IR was defined as HOMA
index >2.1 (16).

Lipid profile and serum glucose were assessed with
enzymatic method (Pars Azmoon, IRAN). Insulin, LH
and FSH were computed with electrochemiluminescenc
immunoassay (ECLIA) via commercial kits (DRG,
Germany); leptin was also assessed via ELISA (Biov-
endor, Czech Republic, no. RD191023100). Efficiency of
test was 0.5 ng/mL, and the measurable range of kit was
1-150 ng/mL. Serum zinc was assessed via spectro-
photometer Biorex symptomatic unit (BXC0462, UK).

Statistical Analysis:

Data were recognized as mean+SD. Statistical analysis
was handled by SPSS version 20. Student’s t-test, Mann-
Whitney test and ANOVA test were also performed to
compare the groups. Bivariate correlation survey (Spear-
man coefficient calculation) was used to evaluate the
relation of leptin, zinc and insulin to each parameter. To
assess the autonomous impact of low zinc and hyper-
leptinemia on PCOS after changing conditions for conf-
ounding variables, Multiple logistic regression analyse
was used. p<0.05 was considered as statistical signi-
ficance level.

Results

The anthropometric, biochemical, and hormonal chara-
cteristics of studied women were computed; their
statistical significance are noted in Tablel. As can be seen,
the studied women were matched in terms of age and
BMI, respectively (p=0.698, p=0.412). The results display
the mean value for zinc, leptin and insulin is difference in
both groups (p<0.001).

Table 1. Biochemical and clinical findings of PCOS subjects and control group (mean +SD).

Case group (n =104)

Variable Control group (n=99)
Age 26.13 £ 5.01
BMI(Kg/m?) 26.50 + 4.10
Waist(cm) 86.44 + 10.95

2590 + 413 0.698
26.95 + 3.49 0.412
9157 + 1112 0.001
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Variable Control group (n=99) Case group (n =104 )
FBS(mg/dl) 82.75+ 7.18 84.03 + 5.82 0.166
TC(mg/dI) 162.99 + 34.26 172.63 + 33.85 0.045
TG(mg/dl) 124.18 +22.96 151.21 + 58.34 0.002
LDL (mg/dl) 92.76 + 22.53 101.34 + 22.04 0.007
HDL (mg/dl) 48.77 + 9.36 4733 + 9.34 0.27
LH/FSH 137091 3.50+0.26 <0.001
Zinc(pg/dl) 113.68 +8.31 87.20£11.32 <0.001
leptin(ng/ml) 19.37+3.34 23.06 £3.43 <0.001
Insulin(pU/ml) 7.02+3.29 1141 +£3.84 <0.001
HOMA-IR 145+0.74 237 £0.83 <0.001

BMI: body mass index; FBS: fasting Blood Sugar; TC: total cholesterol, TG: triglyceride; LDL: low HDL: high density
lipoprotein; LH/ FSH: the ratio of luteinizing hormone to follicle-stimulating hormone; HOMA index: homeostasis model

assessment index

Although serum zinc levels and leptin concentration of significant difference was only observed in mean zinc in
both groups had a statistically significant difference; after PCOS group (Table2).
dividing the groups based on BMI into two subgroups,

Table2. Differences in Zinc, leptin and other parameters based on BMI, in PCOS and control groups

Case group (n =104)

Control group (n=99)

Parameter B'\é'g<)25 BMI25  (60) Vaﬁ’ue B'\(’;';)ZS BMI25  (77) va?ue
Waist(cm) 79.92+7.79 90.68+10.66  <0.001 80.00 + 6.08 9562+£952  <0.001
Insulin(uU/ml) 6.23+2.52 7.54 +3.64 0.037 9.06 +3.24 1223+372  <0.001
HOMA-IR 1.26+0.56 158+ 0.81 0.019 1.82+0.66 2574079 <0.001
Zinc(ug/dI) 117.79+5.45 11100878  <0.001 80.83 +12.92 8629+1064  0.164
Leptin(ng/ ml) 17.46 +2.31 2062+348  <0.001 20.70 £ 2.78 2388+312  <0.001

BMI: body mass index; HOMA index: homeostasis model assessment index

However, after dividing the groups based on HOMA
index, the mean zinc and leptin in PCOS group was
significantly different in women with IR (Table3).

Table3. Zinc, leptin and other parameters in PCOS and control subjects based on HOMA-IR
Case group (n=104)

Control group (n=99)

Parameter HOMA-IR<2.1 (87) HOMA-IR>2.1 (15) vaFI)ue HOMA-IR<2.1 (41) HOM@Z)JI)REZI p value
Waist(cm) 79.92+7.79 85.71+10.83 0.169 86.12 +10.44 95.11 +10.13 <0.001
BMI(Kg/m2) 26.17 + 3.66 26.51+491 0.962 25.38 +3.09 27.79+3.40 <0.001
Insulin(pU/ml) 6.12+2.13 13.43+3.50 0.962 8.00 £1.52 13.64 +3.21 <0.001
Zinc(pg/dl) 113.37 +8.62 108.09 +17.07 0.580 90.69 +£11.76 84.94 +10.50 0.011
Leptin(ng/ ml) 19.16 £3.30 20.60 £3.73 0.129 22.00 +£3.38 23.75+3.14 0.011

BMI: body mass index; HOMA index: homeostasis model assessment index
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According to logistic regression analysis, PCOS
negatively affects zinc level independent of BMI and
waist circumference. PCOS occurrence risk was higher
than individuals with lower levels of zinc (OR: 0.770,
p<0.001). Risk estimation significantly remained positive
after leptin adjustment (OR: 0.767, p<0.001).
confounders' presence (waist circumference and BMI),
leptin and zinc are associated with a higher risk of PCOS.
Since by removing the above factors, only serum zinc
levels are associated with PCOS (per unit decrease in zinc
concentration increases the chance of developing PCOS

In
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0.782 times), it can be concluded that zinc deficiency
compared to other factors, higher affects the disease. A
significant correlation was found between insulin with
zinc and leptin, respectively (r: —0.575, p<0.001 and r:
0.473, p<0.001) Figl, but after adjustment based on the
group, no correlation was seen between zinc and insulin
in the controls (p>0.5), reducing zinc in the presence of
PCOS can increase Insulin and consequent IR in PCOS
women. Zinc was also negatively correlated to leptin (r:-
0.565, p<0.001) Fig1.
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Figure 1. Correlation of insulin and leptin levels (a), Correlation of insulin and zinc levels (b), Correlation of leptin and zinc
levels(c), Spearman’s correlation coefficient (r) was used to examine the relationship between the variables.

Discussion

This research identified zinc concentrations to be
altogether lower in women with PCOS autonomous to
BMI. Besides, a converse relationship was found
among zinc and leptin levels. This research about
indicated the relationship among low concentrations of
zinc in PCOS subordinate to IR and free to BMI. We
found that the association of hyperleptinemia with

PCOS

is zinc subordinate. To the best of our

information, it is often the primary research in which
there's a possible role for zinc and leptin with IR and
BMI in a critical test of women with and without PCOS
Controls were inspected. In this research, an important
diminish in serum zinc levels was seen within the cases
in comparison to the controls. Diminished serum zinc
levels in women with PCOS have nearly mentioned
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(17). In our reseach, a direct correlation was watched
between low zinc concentrations and expanded insulin
resistance in women with PCOS. These findings are
steady with past researches, in spite of the fact that the
cut-off of IR was distinctive within the two researches,
both researches appeared an increment in insulin
resistance in women with PCOS. In our research, after
partitioning the groups into two subgroups based on
BMI, the results appeared that the rate of IR in both
groups in overweight and obsess individuals (BMI <
25) was altogether higher than typical weight within
the same group. In any case, the results of their research
did not appear a noteworthy contrast in BMI in IR
women with PCOS with non-IR PCQOS (18). In spite of
the fact that the current research found a diminish in

Journal of Advances in Medical and Biomedical Research
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serum zinc levels within the case group, a research in
Turkey has expressed, that mean levels of zinc in
PCOS women were not significantly different from
control group, which negated our findings. This
contrast is likely due to the number of tests, the strategy
of estimation or racial contrasts. Hence, IR in both
researches was essentially higher in PCOS women than
control group (19). Moreover, the findings of Aliyev
et al. consider in Turkey appeared that serum levels of
zinc in PCOS group was not measurably critical with
the control group. In this research, due to the anti-
androgenic impacts of zinc, 4 groups (hirsutism,
idiopathic causes, PCOS and control group) were
examined, but no measurably noteworthy contrast was
watched among the groups in terms of serum zinc
levels, which negates the comes about of the current
research. The reason for this contrast might be the
littler number of tests in that consider. Furthermore, the
groups were not coordinated in terms of BMI. Due to
these contrasts within the plan of the two findings, the
contrast in comes about can be clarified. Opposite to
our researches, in both studies in Turkey, serum level
of zinc in PCOS involved women and controls was not
essentially distinctive (20). Taher et al. detailed mean
zinc level in PCOS women was altogether lower than
women without PCOS, which is reliable with the
current research. Moreover, the IR rate in PCOS
women, in hefty and overweight women was higher
than ordinary weight women within the same group.
Moreover, in both researches, after separating the
groups based on BMI index (obese and overweight -
typical weight), no significant difference was watched
within the sum of zinc in any of the groups (21). In spite
of the fact that in our research the decrease in zinc
concentration within the persistent group was
autonomous of BMI, but within the control group, the
sum of zinc in overweight and obese individuals was
altogether lower. Rios-Lugo et al. illustrated dimini-
shed serum zinc levels in overweight and corpulent
individuals (6). In line with previous studies, mean
leptin levels of PCOS women were significantly higher
than controls, in the present study (22, 23). Although
there was no increase in leptin levels, insulin levels
were elevated in PCOS women. However, in the
present study after dividing the patient and normal
groups into two subgroups based on BMI index
(normal weight subgroup and obese subgroup), serum
level of leptin in obese women was high (24).
According to our study a significant correlation was
detected between leptin and BMI parameter in PCOS
women. Our study is in line with studies which found
that increased leptin levels directly correlate with the
BMI (22, 23, 25). Although, according to a study, in
women with PCOS there was no increase in leptin
levels but insulin levels were elevated (26). On the
other hand ,other studies reported a strong positive
correlation between leptin and IR (24, 27, 28). Based
on previous studies findings, IR is known as a risk
factor for PCOS diagnosis. In the present study, IR was
higher in PCOS women; it significantly increased in
obese women (29). As in a previous study, their
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findings showed that IR in women with PCOS was
significantly higher than in normal women (12, 30).
This study showed insulin secretion index (HOMA-B)
was higher in PCOS subjects; it was independent of
BMI.

Conclusion

In conclusion, the current study results are matched
with previous data supporting a link of increased IR
with PCOS. Furthermore, for the first time our results
note, that low concentration of serum zinc is probably
connected to PCOS; it is also IR dependent. Also,
hyperleptinemia was dependent on IR and BMI in
PCOS. Although more studies are needed in this
regard, but it is possible that taking zinc supplements
and losing weight along with the main treatment can be
effect in reducing IR and leptin levels in PCOS cases.

Acknowledgments

This study was supported by Students Research
Center of Hamadan University of Medical Sciences.
All authors have nothing to declare.

Conflict of Interest

Authors declare that they have no conflict of interest.

Funding Sources

This work was supported by Students Research Center
of Hamadan University of Medical Sciences [grant NO.
990209709].

References

1. Cernea S, Both E, Hutanu A, Sular FL, Roiban
AL. Correlations of serum leptin and leptin
resistance with depression and anxiety in patients
with type 2 diabetes. Psychiatr Clin Neurosci.
2019;73(12):745-53. [DOI:10.1111/pcn.12922]

[PMID]

2. Ramos-Lobo AM, Donato Jr J. The role of leptin
in health and disease. = Temperature.
2017;4(3):258-91.
[DOI:10.1080/23328940.2017.1327003] [PMID]
[PMCID]

3. Cernea S, Roiban AL, Both E, Hutanu A. Serum
leptin and leptin resistance correlations with
NAFLD in patients with type 2 diabetes. Diabet
Res Rev. 2018;34(8):e3050.
[DOI:10.1002/dmrr.3050] [PMID]

4. Marroqui L, Gonzalez A, Neco P, et al. Role of
leptin in the pancreatic pB-cell: effects and
signaling pathways. J Molec Endocrinol.

Journal of Advances in Medical and Biomedical Research


https://doi.org/10.1111/pcn.12922
https://www.ncbi.nlm.nih.gov/pubmed/31404477
https://doi.org/10.1080/23328940.2017.1327003
https://www.ncbi.nlm.nih.gov/pubmed/28944270
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5605162
https://doi.org/10.1002/dmrr.3050
https://www.ncbi.nlm.nih.gov/pubmed/30052309

Sahar Mazloomi et al. 121

10.

11.

12.

13.

14.

2012;49(1):R9-R17.
0025] [PMID]

Kieffer T, Habener JF. The glucagon-like
peptides Endocr Rev. 1999;20:876-913.
[DOI:10.1210/edrv.20.6.0385] [PMID]

Rios-Lugo MJ, Madrigal-Arellano C, Gaytan-
Hernandez D, Hernandez-Mendoza H, Romero-
Guzman ET. Association of serum zinc levels in
overweight and obesity. Biol Trace Element Res.
2020;198(1):51-7. [DOI:10.1007/s12011-020-
02060-8] [PMID]

Severo JS, Morais J, Beserra JB, et al.
Biomarkers of cardiovascular risk in obese
women and their relationship with zinc status.
Curr  Nutr Food Sci. 2020;16(5):734-42.
[DOI:10.2174/1573401315666191125113128]

Thoen RU, Barther NN, Schemitt E, et al. Zinc
supplementation reduces diet-induced obesity
and improves insulin sensitivity in rats. Apply
Physiol ~ Nutr  Metab.  2019;44(6):580-6.
[DOI:10.1139/apnm-2018-0519] [PMID]

Forslund M, Landin-Wilhelmsen K, Trimpou P,
Schmidt J, Brannstrom M, Dahlgren E. Type 2
diabetes mellitus in women with polycystic ovary
syndrome during a 24-year period: importance of
obesity and abdominal fat distribution. Human

[DOI:10.1530/IME-12-

Reproduct Open. 2020;2020(1):hoz042.
[DOI:10.1093/hropen/hoz042] [PMID]
[PMCID]

Bannigida DM, Nayak BS, Vijayaraghavan R.
Insulin resistance and oxidative marker in women
with  PCOS. Arch Physiol Biochem.
2020;126(2):183-6.

[DOI:10.1080/13813455.2018.1499120] [PMID]

Legro RS, Castracane VD, Kauffman RP.
Detecting insulin resistance in polycystic ovary
syndrome: purposes and pitfalls. Obstet Gynecol
Survey. 2004;59(2):141-54.
[DOI:10.1097/01.0GX.0000109523.25076.E2]
[PMID]

Sharifi F, Hajihosseini R, Mazloomi S,
Amirmogaddami H, Nazem H. Decreased
adiponectin levels in polycystic ovary syndrome,
independent of body mass index. Metab
Syndrome Relat Disorder. 2010;8(1):47-52.
[DOI:10.1089/met.2009.0036] [PMID]

Barber TM, Franks S. Obesity and polycystic

ovary syndrome. Clin Endocrinol.
2021;95(4):531-41. [DOI:10.1111/cen.14421]
[PMID]

Murri M, Luque-Ramirez M, Insenser M, Ojeda-
Ojeda M, Escobar-Morreale HF. Circulating
markers of oxidative stress and polycystic ovary
syndrome (PCOS): a systematic review and
meta-analysis. Human Reproduct Update.

Volume 30, March & April 2022

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

2013;19(3):268-88.
[DOI:10.1093/humupd/dms059] [PMID]

Carmina E. Diagnosis of polycystic ovary
syndrome: from NIH criteria to ESHRE-ASRM
guidelines. Minerva Ginecologica. 2004;56(1):1-
6.

Bermddez V, Cano R, Cano C, et al., editors.
Homeostasis model assessment (HOMA) as
surrogate insulinization criteria in patients with
type 2 diabetes. Am J Therapeutics; 2008: LWW.
[DOI:10.1097/MJT.0b013e318160b909]

[PMID]

Abedini M, Ghaedi E, Hadi A, Mohammadi H,
Amani R. Zinc status and polycystic ovarian
syndrome: A systematic review and meta-
analysis. J Trace Element Med Biol.
2019;52:216-21.
[DOI:10.1016/j.jtemb.2019.01.002] [PMID]

Kanafchian M, Mahjoub S, Esmaeilzadeh S,
Rahsepar M, Mosapour A. Status of serum
selenium and zinc in patients with the polycystic
ovary syndrome with and without insulin
resistance. Middle East Fertii Soc J.
2018;23(3):241-5.
[DOI:10.1016/j.mefs.2017.11.003]

Kulhan M, Kulhan NG, Nayki UA, et al.
Assessment of the relationship between serum
vitamin (A, B 12, C, D, folate) and zinc levels and
polycystic ovary syndrome. Arch Med Sci-Civil
Disease. 2017;2(1):62-9.
[DOI:10.5114/amscd.2017.66840]

Aliyev U, Pehlivantiirk-Kizilkan M, Diizgeker Y,
et al. Is there any association between hirsutism
and serum zinc levels in adolescents? Biol Trace
Element Res. 2020;198(2):403-9.
[DOI:10.1007/s12011-020-02086-y] [PMID]

Taher MA, Mhaibes SH. Assessment of some
trace elements in obese and non-obese polycystic
ovary syndrome (PCOS). Int J Sci Res.
2017;6(9):1333-41.

Jalilian N, Haghnazari L, Rasolinia S. Leptin and
body mass index in polycystic ovary syndrome.
Indian J Endocrinol Metab. 2016;20(3):324.
[DOI:10.4103/2230-8210.180005] [PMID]
[PMCID]

Baldani DP, Skrgatic L, Kasum M, Zlopasa G,
Kralik Oguic S, Herman M. Altered leptin,
adiponectin, resistin and ghrelin secretion may
represent an intrinsic polycystic ovary syndrome
abnormality. Gynecol Endocrinol.
2019;35(5):401-5.

[DOI:10.1080/09513590.2018.1534096] [PMID]

Laughlin G, Morales A, Yen S. Serum leptin
levels in women with polycystic ovary syndrome:
the role of insulin resistance/hyperinsulinemia. J
Clin Endocrinol Metab. 1997;82(6):1692-6.

Journal of Advances in Medical and Biomedical Research


https://doi.org/10.1530/JME-12-0025
https://doi.org/10.1530/JME-12-0025
https://www.ncbi.nlm.nih.gov/pubmed/22448029
https://doi.org/10.1210/edrv.20.6.0385
https://www.ncbi.nlm.nih.gov/pubmed/10605628
https://doi.org/10.1007/s12011-020-02060-8
https://doi.org/10.1007/s12011-020-02060-8
https://www.ncbi.nlm.nih.gov/pubmed/32020525
https://doi.org/10.2174/1573401315666191125113128
https://doi.org/10.1139/apnm-2018-0519
https://www.ncbi.nlm.nih.gov/pubmed/30339765
https://doi.org/10.1093/hropen/hoz042
https://www.ncbi.nlm.nih.gov/pubmed/31976382
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6964225
https://doi.org/10.1080/13813455.2018.1499120
https://www.ncbi.nlm.nih.gov/pubmed/30450993
https://doi.org/10.1097/01.OGX.0000109523.25076.E2
https://www.ncbi.nlm.nih.gov/pubmed/14752302
https://doi.org/10.1089/met.2009.0036
https://www.ncbi.nlm.nih.gov/pubmed/19929617
https://doi.org/10.1111/cen.14421
https://www.ncbi.nlm.nih.gov/pubmed/33460482
https://doi.org/10.1093/humupd/dms059
https://www.ncbi.nlm.nih.gov/pubmed/23303572
https://doi.org/10.1097/MJT.0b013e318160b909
https://www.ncbi.nlm.nih.gov/pubmed/18645347
https://doi.org/10.1016/j.jtemb.2019.01.002
https://www.ncbi.nlm.nih.gov/pubmed/30732885
https://doi.org/10.1016/j.mefs.2017.11.003
https://doi.org/10.5114/amscd.2017.66840
https://doi.org/10.1007/s12011-020-02086-y
https://www.ncbi.nlm.nih.gov/pubmed/32124229
https://doi.org/10.4103/2230-8210.180005
https://www.ncbi.nlm.nih.gov/pubmed/27186548
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4855959
https://doi.org/10.1080/09513590.2018.1534096
https://www.ncbi.nlm.nih.gov/pubmed/30623695

122 Association of Low Zinc...

25.

26.

217.

https://doi.org/10.1210/jcem.82.6.4028
[DOI:10.1210/jc.82.6.1692] [PMID]

Beyazit F, Hiz MM, Turkon H, Unsal MA. Serum
spexin, adiponectin and leptin levels in polycystic
ovarian syndrome in association with FTO gene
polymorphism.  Ginekologia Polska. 2021.
[DOI:10.5603/GP.a2020.0176] [PMID]

Daghestani MH, Daghestani M, Daghistani M, et
al. A study of ghrelin and leptin levels and their
relationship to metabolic profiles in obese and
lean Saudi women with polycystic ovary
syndrome (PCOS). Lipid Health Disease.
2018;17(1):1-9. [DOI:10.1186/512944-018-
0839-9] [PMID] [PMCID]

Sharif E, Rizk NM. Leptin and free leptin
receptor is associated with polycystic ovary
syndrome in  young  women.  2015.
[DOI:10.1155/2015/927805] [PMID] [PMCID]

How to Cite This Article:

28.

29.

30.

Anwar AA, Abdullah N, Padjalangi AN, Hamid
F, Mappeware NA, Lukas E. Serum leptin
concentration is correlated to insulin resistance in
polycystic ovary syndrome (PCOS) patients.
Molec Cell Biomed Sci. 2021;5(2):93-7.
[DOI:10.21705/mcbs.v5i2.203]

Houjeghani S, Gargari BP, Farzadi L. Serum
leptin and ghrelin levels in women with
polycystic ovary syndrome: correlation with
anthropometric, metabolic, and endocrine
parameters. Int J Fertil Steril. 2012;6(2):117.

Shirazi FKH, Khodamoradi Z, Jeddi M. Insulin
resistance and high molecular weight adiponectin
in obese and non-obese patients with Polycystic
Ovarian Syndrome (PCOS). BMC Endocrine
Disorder. 2021;21(1):1-7. [DOI:10.1186/s12902-
021-00710-z] [PMID] [PMCID]

Mazloomi S, Barartabar Z, Danesh H, Alizadeh N, Pilehvari S. Association of Low Zinc Concentration and

Hyperleptinemia with Overweight and Insulin Resistance in Polycystic Ovary Syndrome Women. J Adv Med
Biomed Res. 2022; 30 (139): 116-122.

Download citation:
BibTeX | RIS | EndNote | Medlars | ProCite | Reference Manager | Ref\Works

Send citation to:
@ Mendeley O Zoterg ®=tvo Ref\Works

-

Volume 30, March & April 2022

Journal of Advances in Medical and Biomedical Research


https://doi.org/10.1210/jc.82.6.1692
https://www.ncbi.nlm.nih.gov/pubmed/9177365
https://doi.org/10.5603/GP.a2020.0176
https://www.ncbi.nlm.nih.gov/pubmed/33914321
https://doi.org/10.1186/s12944-018-0839-9
https://doi.org/10.1186/s12944-018-0839-9
https://www.ncbi.nlm.nih.gov/pubmed/30131073
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6103980
https://doi.org/10.1155/2015/927805
https://www.ncbi.nlm.nih.gov/pubmed/26180527
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4477211
https://doi.org/10.21705/mcbs.v5i2.203
https://doi.org/10.1186/s12902-021-00710-z
https://doi.org/10.1186/s12902-021-00710-z
https://www.ncbi.nlm.nih.gov/pubmed/33750349
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7941970
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5603-3&sid=1&slc_lang=en&type=BibTeX
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5603-3&sid=1&slc_lang=en&type=ris
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5603-3&sid=1&slc_lang=en&type=EndNote
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5603-3&sid=1&slc_lang=en&type=Medlars
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5603-3&sid=1&slc_lang=en&type=ProCite
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5603-3&sid=1&slc_lang=en&type=Reference_Manager
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5603-3&sid=1&slc_lang=en&type=RefWorks
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6395-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6395-en.html
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5603-3&sid=1&slc_lang=en&type=ris
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5603-3&sid=1&slc_lang=en&type=ris
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6395-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6395-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6395-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6395-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6395-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html

	title
	Abstract
	Introduction
	MaterialsandMethods
	Results
	tab1
	tab2
	tab3
	fig1
	Conclusion
	Acknowledgments
	Conflict
	disclosur
	References

