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Introduction

Microelements are substances needed in small quantities for 
effective functioning of the body. They play a central role 
in the metabolism and maintenance of tissue functions.[1‑4]  

Microelements comprises of vitamins and minerals such as 
calcium, zinc, selenium, copper and iron.[5,6]

Zinc  (Zn) and copper  (Cu) are the second and third most 
abundantly distributed trace elements in the body, respectively,[7] 
though not synthesised in the body, but are obtained from dietary 
sources.[8,9] Copper plays a major role in the biochemistry of 
living organisms through enzymatic activities both as a cofactor 
and as an integral component of many metalloenzymes, while 
Zn functions by multiple pathway, serving as a cofactor in 

DNA transcription, protein synthesis and regulating gene 
expression.[7,10] Selenium is an essential micronutrient found 
in soil, water, and some foods and is vital for functioning of 
many body processes.[9,11] It plays a vital role in the oxidative 
processes in the humans and a few researchers have reported 
low selenium level in women with infertility.[9,11-13]

Infertility, which is often a disturbing issue for couples, had 
been documented to be more prevalent in developing countries, 
especially secondary infertility, where an estimated one in 
every four couples are affected,[14,15] though primary infertility 
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is more common in males in some studies in Nigeria.[16] The 
term unexplained infertility is used when no identifiable cause 
is found on evaluation of the infertile couple and is dependent 
on the available facilities at the place of care.[17]

Copper, zinc and selenium deficiencies have been associated 
with infertility and a few other studies have reported low serum 
levels of zinc and higher serum levels of copper amongst 
women with unexplained infertility.[1,9,18‑20] The Cu/Zn ratio was 
also higher suggesting a role in the pathogenesis of unexplained 
infertility.[19] However, most of these studies are in developed 
countries and very few in Nigeria, where infertility is the 
most common presentation in our gynaecological outpatient 
departments,[21] so this study was designed to evaluate the 
serum levels of copper, zinc and selenium in women with 
unexplained infertility and compare these with fertile women.

Subjects and Methods

Ethical approval was obtained on 15 August 2019 from the 
University of Ibadan, Ibadan, and University College Hospital, 
Ibadan, Institution Research Board (UI/UCH/IRB). The ethical 
committee’s assigned number is UI/EC/19/0233 and informed 
consent was obtained from all participants before enrolment 
into the study.

This was a prospective cross‑sectional analytical study 
conducted at the UCH Ibadan, Nigeria, which is a tertiary 
health facility in Ibadan, the largest city in Oyo state. UCH 
Ibadan is Federal Government‑owned and provides inpatient 
and outpatient care to people in the South‑West, Nigeria, 
though many patients also come from the other regions of 
Nigeria. It is a 1000 bedded hospital and comprises of over 
80 departments among which is the department of Obstetrics 
and Gynaecology where the study was conducted.

The study included women presenting at the gynaecological 
out-patients department of the hospital with infertility for at 
least one year duration and with diagnosis of unexplained 
infertility. The control group were non‑pregnant women 
attending the family planning clinic at the study site before the 
uptake of any contraception of their choices. Non‑consenting 
women and non‑pregnant women in the puerperium or who 
are still breast feeding were excluded from the study.

The sample size was calculated using the formulae for 
comparison of two means.[22] 

2 2
1 2 1 1 2

2

( )(1 )
2(1 )

α β α= – / – – /Z +Z Z+rN  +
r +rd

2 1–d = µ µ
σ

where N is the estimated sample size for each group, α is the 
confidence level = 0.05, Z1−α/2 is the abscissa of the normal 
curve that cuts off an area α at the tails = 1.96, β is the power 
of the test at 80% = 0.2, effect size  (d) is 0.5 and r is the 
ratio (Group 2/Group 1).

2 2

2

(1+1) (1.96+0.84) 1.96N +
1 2(1+1)0.5

=

=2 (2.8) 2/0.25 + 3.8416/4

=2 (7.84)/0.25 + 0.9604

=15.68/0.25 + 0.9604

=62.72 + 0.9604

=63.68

Approximately: 64 participants per group.

10% Attrition = 10/100 × 64 = 0.1 × 64 = 6.4

Total = 63.68 + 6.40 = 70.08

The minimum estimated number of participants in each group 
was 70 after adding a 10% rate for attrition.

The non‑probability purposive consecutive sampling 
technique was used in the selection of study participants. 
Women with infertility and normal hormonal profile, 
normal hysterosalpingograph or laparoscopic findings and 
normal findings on seminal fluid analysis were classified as 
unexplained infertility. There were two groups of participants, 
with the cases consisting of 75 participants and 74 women as 
controls.

Relevant information was obtained from the women using 
interviewer‑administered semi‑structured questionnaire. Ten 
millilitres of venous blood sample was collected once from the 
consenting participants at the point of recruitment to participate 
in the study. No other invasive procedure was carried out on 
the participants and the blood samples were stored at in a 
refrigerator at −20°C until they were analysed.

Determination of copper, zinc and selenium was the atomic 
absorption spectrophotometry  (AAS) method.[23,24] Frozen 
serum bottles were placed in bottle racks and allowed to 
thaw; 0.1 N hydrochloric acid (1:20) was then added to the 
thawed sample to release bound trace metals. The digested 
samples were aspirated directly into the AAS. Working 
standard solutions were prepared in part per million and used 
for the standardisation of the corresponding trace elements. 
These analyses were performed using 210/211 VGP and 220 
GF AAS (Buck Scientific, USA). Copper level was read at 
wavelength of 324.8 nm, zinc at 213.9 nm and selenium at 
196 nm. The normal level serum copper, zinc and selenium 
for this study was 85–180 µg/dL, 66–110 µg/dL and 
50–120 µg/dL, respectively.

All information obtained and data generated were imputed to 
Microsoft Excel sheet and exported into the IBM Statistical 
Package for Social Sciences (SPSS) Statistics for Windows, 
Version 23.0, (Armonk, NY, USA: IBM Corp.), Descriptive 
statistics was performed using frequency tables and calculation 
of means and standard deviations. Chi‑square and t‑test for 
associations were performed as appropriate, and with the 
statistical significance level set at P < 0.05.
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Results

Most (57.0%) of the participants were in the age group 30–
39 years. Majority of the participants were Christians (77.6%) 
and had at least the tertiary level of education (80.5%). The 
participants with an overweight body mass index (BMI) (38.3%) 
were the highest, with an equal proportion  (29.5%) in the 
normal and obese BMI. The mean age in the fertile and 
infertile group was 36.28 ± 6.13 and 34.15 ± 5.14, respectively. 
The mean BMI amongst the fertile and infertile group was 
28.72  ±  5.52 and 26.51  ±  6.11, respectively. Amongst the 
infertile group, forty‑eight participants (64.0%) had secondary 
infertility, while slightly over half of them (51.6%) were in a 
union of <5 years. This is shown in Table 1.

The parameters were similar amongst the two groups in terms 
of level of education, religion and BMI. Amongst the infertile 
group, most were nulliparous (49.4%) and 64 (85.3%) had no 
living children alive, while amongst the fertile group, most 
had at least two parous experiences (78.3%) and nearly all of 
them (97.7%) had at least a child alive. These observations 
were statistically significant with P  <  0.001 and  <0.001, 
respectively.

The mean serum copper, zinc and selenium levels in µg/dL 
amongst the infertile group were 93.11 ± 16.55, 72.04 ± 15.03 
and 28.28  ±  8.33, respectively, and these were statistically 
significantly lower than the control group  (P  ≤  0.001). 
Regarding the copper‑to‑zinc ratio amongst the two groups, 
there were a slightly higher mean level (1.39 ± 1.37) amongst 
the control group; however; this is not statistically significant 
(P = 0.62). This is shown Table 2.

Based on whether the participants had primary or secondary 
infertility, the mean serum level of copper, zinc and selenium 
was lower amongst those with primary infertility and with values 
of 91.13 ± 15.93, 71.52 ± 15.20 and 27.08 ± 8.26, respectively, 
compared with 94.16 ± 16.94, 72.32 ± 15.09 and 28.92 ± 8.38 
in those with secondary infertility, respectively. However, these 
differences in serum levels of copper, zinc and selenium were not 
statistically significant, with P = 0.45, 0.83 and 0.37, respectively.

Table 3 shows the associations between age and BMI with 
the serum levels of copper, zinc and selenium amongst the 
fertile and infertile participants. The statistically significant 
associations were amongst the fertile group and with serum 
copper. More participants in the age group  <35  years had 

Table 1: Sociodemographic characteristics of the study participants

Variable Fertile group (n=74) Infertile group (n=75) Total χ2 P
Age (years)

<20 1 (1.4) 0 1 (0.7) 11.81 0.008
20–29 6 (8.1) 20 (26.7) 26 (17.5)
30–39 43 (58.1) 42 (56.0) 85 (57.0)
≥40 24 (32.4) 13 (17.3) 37 (24.8)

Highest educational status
None 3 (4.1) 1 (1.3) 4 (2.7) 1.99 0.574
Primary 3 (4.1) 2 (2.7) 5 (3.4)
Secondary 8 (10.8) 12 (16.0) 20 (13.4)
Tertiary 60 (81.0) 60 (80.0) 120 (80.5)

Religion
Christianity 62 (83.8) 54 (72.0) 116 (77.6) 3.63 0.162
Islam 11 (14.8) 17 (22.7) 28 (18.8)
Others 1 (1.4) 4 (5.3) 5 (3.4)

BMI (kg/m2)
<18.0 1 (1.4) 3 (4.0) 4 (2.7) 2.65 0.452
18.0–24.9 19 (25.7) 25 (33.3) 44 (29.5)
25.0–29.9 29 (39.2) 28 (37.4) 57 (38.3)
≥30.0 25 (33.7) 19 (25.3) 44 (29.5)

Parity
0 1 (1.4) 37 (49.4) 38 (25.5) 55.57 <0.001
1 15 (20.3) 19 (25.3) 34 (22.8)
2–4 48 (64.9) 18 (24.0) 66 (44.3)
≥5 10 (13.5) 1 (1.3) 11 (7.4)

Number of living children
0 2 (2.7) 64 (85.3) 66 (44.3) 104.67 <0.001
1 27 (36.5) 7 (9.3) 34 (22.8)
2 24 (32.4) 1 (1.3) 25 (16.8)
3 13 (17.6) 2 (2.7) 5 (10.1)
≥4 8 (10.8) 1 (1.3) 9 (6.0)

BMI: Body mass index
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normal serum copper (P < 0.01) and those with normal BMI 
had low serum copper (P = 0.04).

Discussion

In this study, the sociodemographic characteristics of the 
participants were comparable. The infertile participants had 

lower serum level of copper compared to the fertile participants 
and this difference is significant statistically. This finding is 
similar to a case–control study in Ireland and another in India 
where the researchers reported a significantly lower level of 
copper amongst the infertile participants.[18,25] However, a few 
other studies in some other had reported higher serum levels 
of copper amongst infertile women, though many of them had 
smaller sample sizes.[4] Since the women were recruited within 
1 year of birth, their nutritional status may be better, as diet 
is a major source of copper in the body and this may not be 
sustained later on in life. Furthermore, though the mean copper 
level of the infertile women was still within the normal limit 
of 85–180 µg/dL, it is possible that the minimal threshold of 
copper necessary for effective and optimal enhancement of 
fertility is above the mean for this studied group and this may 
be the reason for the infertility.

This study also reported a significantly lower serum levels 
of zinc amongst infertile women than in the fertile control 
group, which is similar to findings in a study in Iraq.[1] Though 
another study in India reported a different findings of higher 

Table 2: Comparison of serum copper, zinc and copper/
zinc ratio with the fertility status among the study 
participants

Variable Mean±SD (µg/dL) t‑test P

Fertile 
group

Infertile 
group

Copper 144.70±18.83 93.11±16.55 17.77 <0.001
Zinc 103.8±13.71 72.04±15.03 13.46 <0.001
Copper/
zinc

1.39±1.37 1.29±1.10 0.49 0.621

Selenium 55.41±7.42 28.28±8.33 20.93 <0.001
SD: Standard deviation

Table 3: Associations of age and body mass index with serum levels of copper, zinc and selenium among the fertile and 
infertile group

Variable Fertile group Infertile group

Low copper, n (%) Normal copper, n (%) χ2 (P) Low copper, n (%) Normal copper, n (%) χ2 (P)
Age (years)

<35 7 (21.1) 26 (78.9) 9.23 (<0.01) 22 (66.7) 11 (33.3) 0.05 (0.83)
>35 23 (56.1) 18 (43.9) 27 (64.3) 15 (35.7)

BMI
<25.0 6 (30.0) 14 (70.0) 6.49 (0.04) 19 (67.8) 9 (32.2) 3.94 (0.14)
25–29.99 17 (58.6) 12 (41.1) 21 (75.0) 7 (25.0)
>30 7 (28.0) 18 (72.0) 9 (47.4) 10 (52.6)

Total 30 (40.5) 44 (59.5) 49 (65.4) 26 (34.6)

Variable Fertile group Infertile group

Low zinc, n (%) Normal zinc, n (%) χ2 (P) Normal zinc, n (%) High zinc, n (%) χ2 (P)
Age (years)

<35 15 (45.5) 18 (54.5) 2.07 (0.15) 24 (72.7) 9 (27.3) 0.97 (0.32)
≥35 12 (29.3) 29 (70.7) 26 (61.9) 16 (38.1)

BMI
<25.0 7 (35.0) 13 (65.0) 1.00 (0.61) 20 (71.4) 8 (28.6) 1.85 (0.40)
25–29.99 9 (31.0) 20 (69.0) 16 (57.1) 12 (42.9)
>30 11 (44.0) 14 (56.0) 14 (73.7) 5 (26.3)

Total 27 (36.5) 47 (63.5) 50 (66.7) 25 (33.3)

Variable Fertile group Infertile group

Low selenium, n (%) Normal selenium, n (%) χ2 (P) Low selenium, n (%) Normal selenium, n (%) χ2 (P)
Age (years)

<35 4 (12.1) 29 (87.9) 1.79 (0.18) 32 (97.0) 1 (3.0) 0.03 (0.86)
>35 10 (24.4) 31 (75.6) 42 (100.0) 0

BMI
<25.0 4 (20.0) 16 (80.0) 0.09 (0.96) 28 (100.0) 0 0.11 (0.95)
25–29.99 5 (17.3) 24 (82.7) 27 (96.4) 1 (3.6)
>30 5 (20.0) 20 (80.0) 19 (100.0) 0

Total 14 (18.9) 60 (81.1) 74 (98.7) 1 (1.3)
BMI: Body mass index
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numerical serum level of zinc in fertile than in infertile women, 
there was no significant statistical difference, and this could 
have been because of the small sample size.[18] Furthermore, 
other studies have also reported that there was no significant 
difference in zinc level between fertile and infertile women; 
nonetheless, the finding of a significant difference in this study 
may be because this study has a larger sample size than these 
other studies, thus giving it a higher power. Furthermore, all 
these authors studied women in different population compared 
to Nigerian women in this study and nutritional diversity may 
be an important factor to consider as possible explanation 
for the dissimilarities of the research finding. In addition, the 
absorption and metabolism of trace elements may significantly 
vary from person to person.

In this study, in addition, infertile women had significantly 
lower serum levels of selenium compared with fertile women, 
and low level of micronutrients including selenium in women 
with unexplained infertility has been reported, similar to the 
finding in this study.[2] Szkodziak et al. also reported low serum 
levels of selenium in the blood and follicular fluid of women 
with infertility, especially unexplained infertility and these 
findings are in keeping with the findings in this study.[26] Apart 
from the infertile women having low mean selenium level, 
their average selenium level is lower than the lower limit of 
50–120 µg/dL, the normal range reported in humans.

It is well known that diet is the main source of micronutrients 
for the body; however, it is a little challenging to conclude that 
low dietary intake accounted for the lower levels of the studied 
elements in the infertile respondents because they live in the 
same geographical area with the fertile women who had higher 
micronutrients level.[27] Therefore, there are possibly other 
factors that could explain low micronutrient levels amongst the 
infertile women which may include poor absorption in the gut 
amongst other factors. However, very obvious in this study is 
the fact that copper, zinc and selenium levels are significantly 
lower in infertile women with unexplained infertility than in 
fertile women.

Amongst the cohort of women with infertility, when separated 
to primary and secondary infertility, there was no statistically 
significant difference in the serum levels of copper (P = 0.45), 
zinc  (P = 0.83) or selenium (P = 0.37), though Soltan and 
Jenkin reported a significantly lower level of copper amongst 
women with secondary infertility than those with primary 
infertility.[18]

Copper/Zinc ratio (Cu/Zn) has been used frequently in 
assessing infertile women, with normal ratio said to be about 
1.0. The Cu/Zn ratio in the two groups studied were slightly 
raised, 1.29 for infertile women and 1.39 for fertile women 
(P = 0.60) but not statistically significant, however Khulood 
et al. reported a much higher Cu/Zn ratio in infertile women 
than in fertile women among their studied population.[1]

In our study, the statistically significant associations were 
with serum levels of copper and only amongst the fertile 
participants. More participants in the age group <35 years had 

normal serum copper (P < 0.01) and this is the age group that 
has been documented with the peak age of fertility as fertility 
declines from around the age >35 years.[28,29] This may imply 
that the effect of age on fertility may be due to the serum levels 
of copper amongst other factors. This study further showed 
that serum copper level was significantly lower in participants 
with normal BMI (P = 0.04), though the reason for this was not 
known but it is hoped that in future studies with larger sample 
size, the reason may be explained.

This study has some limitations in that it is cross-sectional, 
was conducted over a short period and the assays were taken 
once per patient. It would have been useful to assay their 
serum copper and zinc level again to see if it has normalised, 
but this study could not achieve this purpose. Having limited 
studies of assay of serum levels of copper, zinc and selenium 
amongst Nigerian infertile women makes it difficult to discuss 
the findings in this study by lack of comparison with similar 
populations. However, the strength of this study is that it will 
contribute to the data on levels of micronutrients amongst 
women with unexplained infertility in a low‑resource setting 
like Nigeria.

Conclusion

This study has demonstrated that there is significantly reduced 
levels of copper, zinc and selenium in women with unexplained 
infertility than in their fertile counterparts, therefore diets 
or supplements containing copper zinc and selenium is 
recommended for women with unexplained infertility.

Data availability statement
Most of the data supporting the results had been published as 
a dissertation for Fellowship of the Faculty of Obstetrics and 
Gynaecology of the National Postgraduate Medical College 
and we are willing to share the data on request.

Acknowledgement
We acknowledge the contributions of the participants who 
consented to this study.

Financial support and sponsorship
This study was self‑sponsored.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Khulood  AS, Faris  AA, Hussain Saad  A. Copper and zinc status in 

women with unexplained infertility. J Pharm Sci 2005;2:72‑5.
2.	 Hosseini  B, Eslamian  G. Association of micronutrient intakes with 

female infertility: Review of recent evidence. Thrita 2015;4:1‑6.
3.	 Skoracka  K, Ratajczak  AE, Rychter  AM, Dobrowolska  A, 

Krela‑Kaźmierczak I. Female fertility and the nutritional approach: The 
most essential aspects. Adv Nutr 2021;12:2372‑86.

4.	 Schaefer E, Nock D. The impact of preconceptional multiple-
micronutrient supplementation on female fertility. Clin Med Insights 
Womens Health 2019;12:1-6.

5.	 Bloom MS, Louis GM, Sundaram R, Kostyniak PJ, Jain J. Associations 
between blood metals and fecundity among women residing in 
New York State. Reprod Toxicol 2011;31:158‑63.

D
ow

nloaded from
 http://journals.lw

w
.com

/npm
j by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 11/22/2023

UNIV
ERSIT

Y O
F IB

ADAN L
IB

RARY



Adeniyi, et al.: Assessment of serum copper, zinc and selenium levels in women with unexplained infertility at a tertiary health centre in Nigeria

Nigerian Postgraduate Medical Journal  ¦  Volume 30  ¦  Issue 4  ¦  October-December 2023274

6.	 Ebisch IM, Thomas CM, Peters WH, Braat DD, Steegers‑Theunissen RP. 
The importance of folate, zinc and antioxidants in the pathogenesis and 
prevention of subfertility. Hum Reprod Update 2007;13:163‑74.

7.	 Mascarenhas MN, Flaxman SR, Boerma T, Vanderpoel S, Stevens GA. 
National, Regional, and global trends in infertility prevalence since 1990: 
A systematic analysis of 277 health surveys. LoS Med 2012;9:1-12.

8.	 Ma J, Betts NM. Zinc and copper intakes and their major food sources 
for older adults in the 1994‑96 continuing survey of food intakes by 
individuals (CSFII). J Nutr 2000;130:2838‑43.

9.	 Grieger  JA, Grzeskowiak  LE, Wilson  RL, Bianco‑Miotto  T, 
Leemaqz SY, Jankovic‑Karasoulos T, et al. Maternal selenium, copper 
and zinc concentrations in early pregnancy, and the association with 
fertility. Nutrients 2019;11:1609.

10.	 Shenkin  A. Micronutrients in health and disease. Postgrad Med J 
2006;82:559‑67.

11.	 Tóth RJ, Csapó J. The role of selenium in nutrition – A review. Acta 
Univ Sapientiae Alimentaria 2018;11:128‑44.

12.	 Qazi IH, Angel C, Yang H, Pan B, Zoidis E, Zeng CJ, et al. Selenium, 
selenoproteins, and female reproduction: A  review. Molecules 
2018;23:3053.

13.	 Stoffaneller  R, Morse  NL. A  review of dietary selenium intake 
and selenium status in Europe and the Middle East. Nutrients 
2015;7:1494‑537.

14.	 Ghadir S, Ambartsumyan G. Infertility. In: Decherney AH, Nathan L, 
Laufer  N, Goodwin  T, editors. Current Obstetric and Gynaecologic 
Diagnosis and Treatment. U.S.A.: The Mcgraw Hill Companies; 2013. 
p. 879‑88.

15.	 Mascarenhas MN, Flaxman SR, Boerma T, Vanderpoel S, Stevens GA. 
National, regional, and global trends in infertility prevalence since 
1990: A  systematic analysis of 277 health surveys. PLoS Med 
2012;9:e1001356.

16.	 Ekwere  PD, Archibong  EI, Bassey  EE, Ekabau  JE, Ekanem  EI, 
Feyi Waboso P. Infertility among Nigerian couples as seen in Calabar. 
Port Harcourt Med J 2007;2:35‑40.

17.	 Gelbaya TA, Potdar N, Jeve YB, Nardo LG. Definition and epidemiology 
of unexplained infertility. Obstet Gynecol Surv 2014;69:109‑15.

18.	 Bawa  R, Tyagi  S. Correlation of microelements like plasma copper 
and zinc concentrations with female infertility. Int J Reprod Contracept 
Obstet Gynecol 2017;6:2351‑3.

19.	 Hamad  AW, Obeidat  M, Al Daghistani  H, Alwais  AA, Obiadat  M, 
Al‑Daghistani  HI. Study the relationship between trace elements 
and hormones among Jordanian infertile. Eur J Biomed Pharm Sci 
2016;3:589‑98.

20.	 Najafi T, Ghaffari Novin M, Pakravesh J, Foghi K, Fadayi F, Rahimi G. 
Immunohistochemical localization of endothelial nitric oxide synthase 
in endometrial tissue of women with unexplained infertility. Iran J 
Reprod Med 2012;10:121‑6.

21.	 Audu BM, Massa AA, Bukar M. Clinical presentation of infertility 
in Gombe, North‑Eastern Nigeria. Trop J Obstet Gynaecol 
2003;20:93‑6.

22.	 Charan  J, Biswas T. How to calculate sample size for different study 
designs in medical research? Indian J Psychol Med 2013;35:121‑6.

23.	 Al‑Assaf NA. Determination of serum trace elements magnesium, copper, 
zinc and selenium in asthmatic patients by atomic spectrophotometry. 
J Al Nahrain Univ 2010;13:20‑5.

24.	 Jeffery J, Frank AR, Hockridge S, Stosnach H, Costelloe SJ. Method for 
measurement of serum copper, zinc and selenium using total reflection 
X‑ray fluorescence spectroscopy on the PICOFOX analyser: Validation 
and comparison with atomic absorption spectroscopy and inductively 
coupled plasma mass spectrometry. Ann Clin Biochem 2019;56:170‑8.

25.	 Soltan MH, Jenkins DM. Plasma copper and zinc concentrations and 
infertility. Br J Obstet Gynaecol 1983;90:457‑9.

26.	 Szkodziak  P, Wozniak  S, Czuczwar  P, Wozniakowska  E, Milart  P, 
Mroczkowski  A, et  al. Infertility in the light of new scientific 
reports – Focus on male factor. Ann Agric Environ Med 2016;23:227‑30.

27.	 Agarwal A, Aponte‑Mellado A, Premkumar  BJ, Shaman A, Gupta  S. 
The effects of oxidative stress on female reproduction: A review. Reprod 
Biol Endocrinol 2012;10:49.

28.	 García D, Brazal  S, Rodríguez A, Prat A, Vassena  R. Knowledge of 
age‑related fertility decline in women: A systematic review. Eur J Obstet 
Gynecol Reprod Biol 2018;230:109‑18.

29.	 Rowe T. Fertility and a woman’s age. J Reprod Med 2006;51:157‑63.

D
ow

nloaded from
 http://journals.lw

w
.com

/npm
j by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 11/22/2023

UNIV
ERSIT

Y O
F IB

ADAN L
IB

RARY


