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Abstract

The findings of this study indicate that women the COVID-19 ponsyndemic may have had an
impact on menstrual patterns of women, but this effect was temporary and can be due to
stress and anxiety affecting the HPA and the women overies.This may lead to disturbance of
functions of the female reproductive system, presenting with elevated levels of gonad
hormones like LH, PRL, and E2 and resulting in amenorrhea status after coronavirus infection.
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1. Introduction

The COVID-19 pandemic, caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
(1). Since February 2021 the virus result in over 576
million infections and 6.4

million deaths worldwide, according to the World
Health Organization (WHO) COVID-19 dashboard (
https://covid19.who.int ). The pandemic has
significantly impacted the mental health of many
people within the population, resulting in
loneliness, social isolation, financial strain, as well as
the anxiety with fear of contracting the virus, and
uncertainty for the future (2).

Psychological distress is not only associated with
missed periods but also worsening of symptoms
associated with menstruation and psychosexual
health. Dysmenorrhoea has been shown to be
associated with high stress levels (3), emotional
instability and depression (4). Pre-menstrual
symptoms and menorrhagia are also associated
with high psychological distress (5).

The female menstrual cycle usually comprises of 28-
30 days per cycle which contains two phases, the
secretory phase and the proliferative phase(6). At
the termination of the cycle, the inner uterine layer
starts shedding off resulting in menstruation in
females(7). However, in some case the absence of
menstruation for two months or more in
reproductively  active  female  results  in
amenorrhea(8).

Cessation of menstruation or significant change in
menstrual pattern in a hither to menstruating
woman triggers anxiety and a sense of “something
is wrong with me”. Regular menstruation monthly
indicates that the hypothalamo-pituitary—ovarian
axis is intact. The hypothalamus, pituitary, and
ovaries form an endocrine axis that functions
through hormonal regulation and feedback loops.
This system governs the regulation of menstruation,
which is the cyclic, orderly shedding of the uterine
lining (3)

The term amenorrhea is defined as a disorder
referred to the adolescent girl and women's who
are not having normal menstrual cycle(4).
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Amenorrhea is the absence or abnormal cessation
of the menses(5).

The menstrual cycle is regulated by an interaction
of several hormones that interact with the immune
system, blood vessels, and clotting systems, and
these interactions can affect menstrual bleeding
and the severity of (pre)menstrual symptoms (6).
Estradiol (E2) is secreted primarily by the ovarian
follicles during the female menstrual cycle, and by
the placenta during pregnancy(7).

It is secreted to a lesser degree by the adrenal
glands, testes and by peripheral conversion of
androgens. Estrogen receptors can be found in
many tissues (bones, mammary glands, liver,
endometrium, etc.).

The synthesis and secretion of estradiol are
regulated by the hypothalamic-pituitary axis,
through LHRH, LH and FSH(8). Where, prolactin is a
hormone secreted from the anterior pituitary. Its
principal physiological action is to initiate and
sustain lactation. Prolactin secretion is controlled by
the hypothalamus through the secretion of
dopamine, which inhibits the process (9). The
commonest causes of hyperprolactinaemia include
stress, pregnancy, drugs, prolactinoma/other
pituitary tumours, hypothyroidism and chronic renal
failure.(9). The follicle stimulating hormone (FSH)
stimulates granulosa cells in the ovarian follicles to
synthesize aromatase, which converts androgens
produced by the thecal cells to estradiol (10). The
FSH is necessary for the selection and growth of
ovarian follicles and for the production of estrogens
from androgen substrates (11). The gonadotrophic
effects of FSH may be subserved by a number of
intermediaries, that form part of the cellular and
tissue response to FSH stimulation culminating in
ovulation. (12) (13)

Luteinizing hormone (LH) is a glycoprotein hormone
that is co-secreted along with FSH by the
gonadotrophin cells in the adenohypophysis
(anterior pituitary), that it is a part of a neurological
pathway comprised of the hypothalamus, pituitary
gland, and gonads, when the LH release is
stimulated by gonadotropin-releasing hormone
(GnRH) and inhibited by estrogen in females and
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testosterone in males (14). LH has various functions,
it is contributes to triggers the creation of steroid
hormones from the ovaries (15), and helps to
regulate the length and order of the menstrual cycle
in females by playing roles in both ovulation and
implantation of an egg in the uterus(14).

Menstrual disorders vary and are very common
among women. Symptoms are varied, such as
dysmenorrhea, heavy  menstrual bleeding
(menorrhagia), amenorrhea, hypomenorrhea or
irregular and intermenstrual blood loss. Its causes
vary, and there is no doubt that the most important
causes are hormonal changes(16). The aim of this
study was to study the impact of corona virus
infection on women hormonals like (estradiol (E2),
prolactin (PRL), follicle stimulating hormone (FSH)
and luteinizing hormone (LH)), the states of
amenorrhea that present in Iragi pre-menopausal
women after they infected with coronavirus for 2 or
6 months at least.

The hypothalamic pituitary gonadal axis plays a
crucial role in regulation of the human reproductive
system. The anterior portion of pituitary is
responsible for the production of LH and FSH, the
hypothalamic pituitary gonadal axis regulates
female menstrual cycle. The positive loop of
feedback between estrogen and LH is responsible
to prepare the follicles in the ovary for ovulation
and to prepare the uterus for implantation. The
hypothalamus and pituitary both have ACE 2
receptors and can be sites of COVID-19 infection
(17). The virus may then enter the hypothalamus as
the blood-brain barrier is permeable in proximity of
this structure. Furthermore, infection of the
hypothalamus might result in hypophysitis which
would also disturb the hypothalamic pituitary
gonadal axis, thereby leading to menstrual
abnormalities and infertility (18).

2. Materials and Methods

It is a cross-sectional study that conducted in the
Medical City (consulting clinic) in Baghdad, from
November 2021 to April 2022. And included (100)
married women of child-bearing age between the
age of (18-40 years), The study sample was divided
into two groups, 50 women of child-bearing age
have been infected with corona virus for at least
four months post COVID-19 infection with
amenorrhea,and 50 women of child-bearing age
who did not infected with corona virus.

All the women were informed about the study and
the ethical approval was taking from all the women
participate in this study

All pregnant or lactating women, women with heavy
bleeding period, women with history of a diagnosis
ovarian dysfunction in the 6 months before onset of
disease such as; a manifestation of delayed
menstruation, menstrual irregularities or earlier
menopause, and women with ovariectomy have
been excluded from this study.

The blood samples were taken from the women
vein at the morning time on the first three days of
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the menstrual cycle. The serum of each of the
following hormones : (estradiol (E2), prolactin (PRL),
follicle stimulating hormone (FSH) and luteinizing
hormone (LH)) was analysed using the Roche
Elecsys -2010 device System which is an automated,
random  access, multichannel analyzer for
immunological tests (Sandwich assay), intended for
in vitro quantitative or qualitative determination of a
wide range of analytes. The analyzer is specially
designed for High sensitivity, reliability, and
reproducibility of results due to Electro-
chemiluminescence (ECL) technology  for
heterogeneous immunoassays.All the kits used in
this device system were provided by Roche
company and manifactured in Germany.

3. Statistical Analysis

The collected data was analyzed using Statistical
Package for the Social Sciences (SPSS) version 23,
The Student's T-test was used. The data was
presented as mean (M), standard deviation (SD),
and correlation coefficient (r), the P-value of less or
equal to 0.05 was is considered statistically
significant, and  the  Receiver = Operating
Characteristic Curve (ROC) curve was performed for
testing the sensitivity and specificity of the Roche
Elecsys -2010 device that used in this study

4. Results

The results of this study indicate that there was a
non -significant differences in Mean + SD of the age
and BMI between the two group (P_ value = 0.954,
0.745) respectively. as shown in Table 1.

Post- COVID-19 Non- COVID-19
Variable ULOLIEt) LR i £ Women Mean #| P_ value
SD (Amenorrhea) SD (N= 50
N= 50
Age 27.74 +7.31 30.08 = 7.23 0.954
BMI 28.23 =7.98 27.91 = 6.88 0.745
LH 10.70 = 6.31 7.59 =273 0.000**
FSH 5.24 +1.97 5.72 + 2.33 0.164
PRL 19.99 + 9.25 12.78 = 5.25 0.003**
E2 97.13 = 20.41 82.03 + 19.38 0.024*
*statistically significant
**statistically highly significant

There were highly significant differences in mean +
SD of LH hormones between the women who
experienced amenorrhea after infection with
COVID-19 compared with the Non- COVID-19
women with p value = 0.00 (Table 1)

There were marginal differences in (FSH) levels
between the two groups in mean + SD and there
were no statistically significant differences with the
p value = 0.164.

The mean *= SD of the (PRL) hormones was
statistically ~ highly  significant women  who
experienced amenorrhea after infection with
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COVID-19 compared with the Non-COVID-19
women with p value = 0.003

The estradiol (E2) level were deviated in women
who experienced amenorrhea after infection with
COVID-19 with P value = 0.024.

The differences between with arithmetic averages
for both groups are shown in (Figure 1)

120

100 B Post- COVID-19
women

80 Mean

( Amenarrhea)

=50
M Non- COVID-19
women

Mean
(N=50

Age BMI LH FSH PRL E2

Figure 1: The bar chart of the women hormones
between the COVID-19 Amenorrhea and non-COVID-19
presanted in mean

The results of Roc Curve represent the Area Under
Curve Values for (LH) hormone for the women who
had amenorrhea after contracting COVID-19. It was
highly significant for the (LH) hormone with a p
value =0.018, but it wasn't significant for the E2
hormone. as shown in table 2

Asymptotic
_ Area Under] P_ | cut 95% Test
Variable| Curve Confidence .
Value| off Quality
Values Interval
LowerUpper|
LH 0.638 [0.018% 7 |0.523|0.752 Satisfactory|
E2 0.530 |0.600(75.40/0.416|0.645 Fair
*statistically significant

The following graph shows the correlation between
sensitivity and specificity in the ROC curve for LH
and E2, respectively. (Figure 3)

o ) os . -
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Fig 2: (A) the correlation between (LH) hormone
sensitivity and specificity for the post COVID-19 women
in the ROC curve. (B) the correlation between (E2)
hormone sensitivity and specificity for the post COVID-
19 women in the ROC curve.

The results showed that there is a positive
relationship between the (LH) with (FSH), there is
statistically significant at (P —Value = 0.020), And
there is a negative relationship between the (LH)
with (PRL ), there is statistically significant at (P —
Value = 0.050) as shown in (Table3)
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Correlation (LH)

Variable (Amenorrhea) P —Value
Age -0.027 0.852
BMI -0.050 0.733

FSH 0.327 0.020*

PRL -0.279 0.050*
E2 0.257 0.072

*statistically significant
The following graph shows the relationship

between the LH with FSH and PRL, respectively.
(Figure 1
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Fig 3: The correlation for post COVID-19
women(amenorrhea ) between : (A) LH and FSH, (B) LH
and PRL

5. Discussion

As the COVID-19 pandemic enters its third year, it
is clear that its effects extend beyond the
respiratory system and are clinically significant.
These consequences may also have an influence on
health and quality of life.

About one-third of the people reported stress,
anxiety, and depression during the COVID-19
pandemic (19). Psychological stress can alter the
menstrual cycles, Stress, even without any organic
cause, can activate the hypothalamic—pituitary—
ovarian axis, altering the release of gonadotropin-
releasing hormone (GnRH), leading to functional

hypothalamic amenorrhea and chronic
anovulation.(20)
Psychological stress can lead to secondary

amenorrhea and also worsening of symptoms
associated with menstruation. Even high stress
(21),emotional instability, and depression can lead
to disorder in menstruation. (22)

the menstrual changes were observed more
commonly in patients of COVID-19 with systemic
complications arising out of COVID (23). so female
fertility concerns arose after this abnormal findings:
altered menstrual duration, frequency, regularity,
and volume (heavier bleeding and clotting),
increased dysmenorrhea, and worsened
premenstrual syndrome (24). Women who earlier
had a history of missed periods are more prone to
have amenorrhea during the pandemic(25).

In this study, there was no effect of (age, BMI) in
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both groups on amenorrhea (P-value = 0.954,0.745)
respectively because the subjects were aged within
the normal age for childbearing and their weight
was within the normal limits.

The results of this study show that women who had
experienced amenorrhea after coronavirus infection
had a high level of LH hormone when compared
with non-COVID women (P-value = 0.000), While
the (FSH) hormone is not affected in this study.

This can be caused by their exposure to stress that
causes the dysregulation of HPA axis activity which
many due to mechanisms like: (i) the inhibition of
hypothalamic GnRH release by corticotrophin
releasing hormone (CRH), endogen opioids, and
glucocorticoids, (ii) decreased pituitary response to
GnRH, leading to decreased luteinizing hormone
(LH) secretion, (i) direct inhibitory effect of
glucocorticoids on the secretion of estrogen and
progesterone, (iv) glucocorticoid-induced resistance
to the gonadal steroids in target tissues, and (v)
direct catecholaminergic inhibition on follicle
stimulating hormone (FSH), LH, and prolactin
secretion. (26), In the same line other studies found
that some patients with COVID-19 had abnormal
levels of sex hormones(27). There was
inappropriately high concentrations of luteinizing
hormone (LH) seen in patients with COVID-19 (28).
This points toward ovarian suppression which might
be linked to stress status in COVID-19 self the
ovarian function is often suppressed to ensure
normal functioning of other organ systems which
are essential for life and amenorrhea has also been
previously reported in acute diseases. This explains
the decrease of menstruation in patients with
COVID-19 which may be linked to ovarian
suppression due to acute stress of COVID-19
infection and multiple organ dysfunction. (29)

In this study, the PRL level was higher in women
that had been infected with the coronavirus as
compared with non-COVID women (P value =
0.001). The reason for that could be that the
COVID-19 induced stressful status may affect the
release of PRL and other stress-mediated
hormones(30). The PRL plays an important role in
the regulation of immune function during viral
infections(31). As a result, increasing the level of
PRL in serum to physiological levels with dopamine
antagonists may improve immunological function
and survival in a variety of critical states (32), Petrulli
et al. illustrated that systemic infammation triggers
activation of striatal dopamine with a subsequent
reduction in the release of PRL (33). Hence, Sen
proposed that dopamine antagonists could improve
and boost the immune function in COVID-19
through the augmentation release of the immune-
stimulant PRL (34). COVID-19 infection can impair
the hypothalamic—pituitary-gonadal axis and, by
this mechanism, may increase secretion of PRL from
the anterior pituitary during COVID-19 infection.
(35)

The level of estradiol (E2) was altered in women
who experienced amenorrhea after infection with
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COVID-19 as compared with non-COVID-19 women
(p value = 0.024) The reason for this abnormal E2
level is that estradiol (E2) binds to the cytoplasmic
estrogenic receptors (ER-and ER-) expressed on T
and B cells (36). Momentarily, E2 activates humoral
immunity and antibody production against different
viral infections (37), leading to a high level of E2 in
the blood which is correlated with immune-
reactivity around ovulation (38), and the most
effective factor is believed to be E2, which may
exert a protective effect by regulating cytokines
related to immunity and inflammation.(39)

In another context, the COVID-19 infection
treatments that have been advised for the patients
have been include antipyretics and analgesics
drags, such as paracetamol, aspirin and other non-
steroidal anti-inflammatories such as
dexamethasone which affect the prostaglandin
synthesis and endometrial prostaglandin levels (27),
which affect menstrual cycle patterns and blood loss
through cortisol actions(40). Vitamins and other
nutritional factors such as vitamins D and vitamins
C) to control these disturbances, and at the same
time they have an important role in defending
against microbial infectious included COVID-19
(41). Vitamin D facilitates the production of
antimicrobial peptides in the respiratory epithelium,
reduces the possibility of viral infection and
diminishes the severity of symptoms (42). Because
COVID-19 is a systemic inflammation, it will lower
the circulation of 25 (OH)D resulting in vitamin D
deficiency (43). which can cause irregular menstrual
cycle including amenorrhea or oligomenorrhea (44)
and this condition is mainly due to the direct effect
of vitamin D on the circulating androgens (45).
Vitamin C also plays an important role on the
reproductive system as it is essential for the
synthesis of collagen, steroids and peptides
hormones, protection against oxidative damage
(46). Vitamin C can affect menstrual cycle indirectly,
by playing a role on the absorption of other fat-
soluble vitamins which control the cycle (47).
Moreover, it acts as promoting factor on the
synthesis of estrogen and progesterone and
improve hormonal levels, which lead to increase the
thickness of endometrium, thus its deficiency may
lead to heavy bleeding during the menstruation
(48). The menstrual cycle generally is complex
interactions of the hypothalamus, pituitary, ovaries,
uterus, prostaglandins, and neuroendocrine factors.
Therefore, the menstrual disturbances can be
resulted from the disruption of any of these
interactions.(49)

6. Conclusions

The results of this study provide inconclusive
evidence about the effect of COVID-19 infection on
the menstrual of childbearing age Iragi women.
More studies are needed to clarify the relationship
between COVID-19 and its relationship with female
hormones, menstruation, and reproductive
capacity.

2682



HIV Nursing 2022; 22(2): 2679-2684

7. References

1. Raisanen JC, Chadwick SB, Michalak N, van
Anders SM. Average Associations Between Sexual
Desire, Testosterone, and Stress in Women and
Men Over Time. Arch Sex Behav. 2018 Aug
29,47(6):1613-31.

2. Bertone-Johnson ER, Ronnenberg AG,
Houghton SC, Nobles C, Zagarins SE, Takashima-
Uebelhoer BB, et al. Association of inflammation
markers with menstrual symptom severity and
premenstrual syndrome in young women. Human
reproduction. 2014;29(9):1987-94.

3. Treloar AE. Variation of the human
menstrual cycle through reproductive life. Int J
Fertil. 1967; 12:77-126.

4. Bancroft J. The menstrual cycle and the
wellbeing of women. Soc Sci Med. 1995
Sep;41(6):785-91.

5. Master-Hunter T, Heiman DL. Amenorrhea:
evaluation and treatment. Am Fam Physician.
2006;73(8):1374-82.

6. lkechebelu JI. Prevalence of gynaecological
diseases in Nnewi, Nigeria. Niger J Clin Pract.
2005;8(2):136-7.

7. Nufiez Troconis J, Amesty N, Sandoval J.
Transtornos menstruales en estudiantes
universitarias. Amenorrea y oligomenorrea. Rev
obstet ginecol Venezuela. 1990;138-41.

8. Bang RA, Baitule M, Sarmukaddam S, Bang
AT, Choudhary Y, Tale O. High prevalence of
gynaecological diseases in rural Indian women. The
lancet. 1989;333(8629):85-8.

9. Nagma S, Kapoor G, Bharti R, Batra A,
Batra A, Aggarwal A, et al. To evaluate the effect of
perceived stress on menstrual function. J Clin Diagn
Res. 2015;9(3): QCO1.

10. Song E, Bartley C, Chow R, Ngo T, Jiang R,
Zamecnik C, et al. Divergent and self-reactive
immune responses in the CNS of COVID-19
patients. Top Antiviral Med. 2021;2021.

11. Mauvais-Jarvis P, Sitruk-Ware LR, Labrie F.
Médecine de la reproduction: gynécologie
endocrinienne. Flammarion; 1982.

12. Molitch ME. Medication-induced
hyperprolactinemia. In: Mayo Clinic Proceedings.
Elsevier; 2005. p. 1050-7.

13. Stamatiades GA, Kaiser UB. Gonadotropin
regulation by pulsatile GnRH: Signaling and gene
expression. Mol Cell Endocrinol. 2018; 463:131-41.
14. Christenson LK, Stouffer RL. Follicle-
stimulating hormone and luteinizing
hormone/chorionic gonadotropin  stimulation of
vascular endothelial growth factor production by
macaque granulosa cells from pre-and periovulatory
follicles. J Clin Endocrinol Metab. 1997;82(7):2135-
42.

15. Richards JS. Hormonal control of gene
expression in the ovary. Endocr Rev.
1994;15(6):725-51.

16. Osayande AS, Mehulic S. Diagnosis and
initial management of dysmenorrhea. Am Fam
2683

The Impact of Covid-19 on Child-Bearing Age Iragi Women ...

Physician. 2014;89(5):341-6.

17. Moreno-Perez O, Merino E, Alfayate R,
Torregrosa ME, Andres M, Leon-Ramirez J, et al.
Male pituitary-gonadal axis dysfunction in post-
acute COVID-19  syndrome—Prevalence and
associated factors: A Mediterranean case series.
Clin Endocrinol (Oxf). 2022:96(3):353-62.

18. Liang W, Liang H, Ou L, Chen B, Chen A, Li
C, et al. Development and validation of a clinical
risk score to predict the occurrence of critical illness
in hospitalized patients with COVID-19. JAMA
Intern Med. 2020;180(8):1081-9.

19. Lakhan R, Agrawal A, Sharma M. Prevalence
of Depression, Anxiety, and Stress during COVID-
19 Pandemic. J Neurosci Rural Pract. 2020 Oct
11,11(04):519-25.

20. Williams NI, Berga SL, Cameron JL.
Synergism between psychosocial and metabolic
stressors: impact on reproductive function in
cynomolgus monkeys. American Journal  of
Physiology-Endocrinology and Metabolism. 2007
Jul;293(1): E270-6.

21. Abu Helwa HA, Mitaeb AA, Al-Hamshri S,
Sweileh WM. Prevalence of dysmenorrhea and
predictors of its pain intensity among Palestinian
female university students. BMC Womens Health.
2018 Dec 15;18(1):18.

22. Ibrahim NK, AlGhamdi MS, Al-Shaibani AN,
AlAmri FA, Alharbi HA, Al-Jadani AK, et al.
Dysmenorrhea among female medical students in
King Abdulaziz University: Prevalence, Predictors
and outcome. Pak J Med Sci. 2015;31(6):1312.

23. LiR,Yin T, Fang F, Li Q, Chen J, Wang Y, et
al. Potential risks of SARS-CoV-2 infection on
reproductive health. Reprod Biomed Online.
2020;41(1):89-95.

24. Sharp  GC, Fraser A, Sawyer G,
Kountourides G, Easey KE, Ford G, et al. The
COVID-19 pandemic and the menstrual cycle:
research gaps and opportunities. Int J Epidemiol.
2022 Jun 13;51(3):691-700.

25. Madaan S, Jaiswal A, Kumar S, Talwar D,
Halani D. Premature ovarian failure-A long COVID
sequelae. Med Sci. 2021;25(112):1286-90.

26. Garg R, Lal P, Agrawal P, Agrawal N, Gupta
P, Singh AP. Menstrual Cycle Changes after COVID-
19 Infection: Does Coronavirus-induced Stress Lead
to Hormonal Change? Journal of South Asian
Federation of Obstetrics and Gynaecology.
2022;14(3):248-52.

27. Li K, Chen G, Hou H, Liao Q, Chen J, Bai H,
et al. Analysis of sex hormones and menstruation in
COVID-19 women of child-bearing age. Reprod
Biomed Online. 2021 Jan 1;42(1):260-7.

28. Moradi F, Enjezab B, Ghadiri-Anari A. The
role of androgens in COVID-19. Diabetes &
Metabolic Syndrome: Clinical Research & Reviews.
2020;14(6):2003-6.

29. Madaan S, Talwar D, Jaiswal A, Kumar S,
Acharya N, Acharya S, et al. Post-COVID-19
menstrual abnormalities and infertility:
Repercussions of the pandemic. J Educ Health



HIV Nursing 2022; 22(2): 2679-2684

Promot. 2022;11.

30. Jara LJ, Lépez-Zamora B, Ordofiez-
Gonzdlez |, Galaviz-Sdnchez MF, Gutierrez-
Melgarejo Cl, Saavedra MA, et al. The immune-
neuroendocrine system in COVID-19, advanced age
and rheumatic diseases. Autoimmun  Rev.
2021;20(11):102946.

31. Zaid D, Greenman Y. Human
immunodeficiency virus infection and the endocrine
system. Endocrinol Metab. 2019;34.

32. Pinoli M, Marino F, Cosentino M.
Dopaminergic regulation of innate immunity: a
review. J Neuroimmune Pharmacol. 2017;12.

33. Petrulli JR, Kalish B, Nabulsi NB, Huang Y,
Hannestad J. Morris E (2017) Systemic inflammation
enhances stimulant-induced striatal dopamine
elevation. Transl Psychiatry. 2017;7.

34. Al-kuraishy HM, Al-Gareeb Al. Acute kidney
injury and COVID-19. Egypt J Internal Med.
2021;33.

35. Li R, Phillips DM, Moore A, Mather JP.
Follicle-stimulating hormone induces terminal
differentiation in a predifferentiated rat granulosa
cell line (ROG). Endocrinology. 1997,;138(7):2648-
57.

36. Tecalco-Cruz  AC, Pérez-Alvarado |A,
Ramirez-Jarquin JO, Rocha-Zavaleta L. Nucleo-
cytoplasmic transport of estrogen receptor alpha in
breast cancer cells. Cell Signal. 2017 Jun; 34:121-
32.

37. Martinez-Aguilar R, Kershaw LE, Reavey JJ,
Critchley HO, Maybin JA. Hypoxia and reproductive
health: the presence and role of hypoxia in the
endometrium. Reproduction [Internet]. 2021;161.
Available  from: https://doi.org/10.1530/REP-20-
0268

38. Tempest N, Baker AM, Wright NA,
Hapangama DK. Does human endometrial LGRS
gene expression suggest the existence of another
hormonally regulated epithelial stem cell niche?
Hum Reprod [Internet]. 2018;33. Available from:
https://doi.org/10.1093/humrep/dey083

39. Zhang Y, Ding Q, Wang S, Wu Q, Ni P,
Zhang H, et al. Estrogen promotes pituitary
prolactinoma by upregulating TLR4/NF-
kB/p38MAPK pathway. Res Square [Internet]. 2021;
Available  from: https://doi.org/10.21203/rs.3.rs-
957520/v1

40. Lethaby A, Augood C, Duckitt K.
Nonsteroidal anti-inflammatory drugs for heavy
menstrual bleeding (Cochrane Review). Cochrane
Libr. 2002;4.

41. Im JH, Je YS, Baek J, Chung MH, Kwon HY,
Lee JS. Nutritional status of patients with COVID-
19. Int J Infect Dis. 2020 Nov; 100:390-3.

42. Bartley J. Vitamin D, innate immunity, and
upper respiratory tract infection. J Laryngol Otol.
2010 May;124(5):465-9.

43. Gorji A, Ghadiri MK. Potential roles of
micronutrient deficiency and immune system
dysfunction in the coronavirus disease 2019
(COVID-19) pandemic. Nutrition. 2021; 82:111047.

The Impact of Covid-19 on Child-Bearing Age Iragi Women ...

44, tagowska K. The relationship between
vitamin D status and the menstrual cycle in young
women: a  preliminary  study.  Nutrients.
2018;10(11):1729.

45. Pal L, Berry A, Coraluzzi L, Kustan E, Danton
C, Shaw J, et al. Therapeutic implications of vitamin
D and calcium in overweight women with polycystic

ovary syndrome. Gynecol Endocrinol. 2012
Dec;28(12):965-8.
46. Luck MR, Jeyaseelan |, Scholes RA.

Ascorbic acid and fertility. Biol Reprod. 1995
Feb;52(2):262-6.

47. Bancroft J. The menstrual cycle and the
wellbeing of women. Soc Sci Med. 1995
Sep;41(6):785-91.

48. Al-Katib SR, Al-Kaabi MMH, Al-Safi WG, Al-
Bderi AJ. Effect of the relationship between vitamin
C and serum ferritin on fertility. Al-Kufa University
Journal for Biology. 2018;10(1).

49. Hennegan J. Menstrual health: a definition
for policy, practice, and research. Sex Reprod
Health Matters. 2021;29.

2684



