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Abstract

Introduction: Tobacco smoke contains, among others, polycyclic aromatic hydrocarbons (PAHs), heterocyclic analogues, aromatic amines,
N-nitrosamines, volatile hydrocarbons, aldehydes, phenols, miscellaneous organic compounds, metals, and inorganic compounds. Tobacco
smoking can harm women'’s reproductive system and may reduce fertility. The objective of the study was to explore the effect of tobacco
smoke on the menstrual cycle due to smoking and second-hand smoke-exposure.

Material and methods: The study was performed on 153 women of reproductive age, who received care at the Gynaecological-Obstetric
Clinical Hospital of the Poznan University of Medical Sciences. They were divided into three treatment groups: non-smokers, second-
hand smokers, and smokers.

Comprehensive assessment of all hormone levels: follicle-stimulating hormone (FSH), luteinizing hormone (LH), 17f-oestradiol (E2), and
progesterone (P), in the various phases of the menstrual cycle and with concomitant determinations of serum cotinine concentrations
was performed. The menstrual cycle was observed with ultrasonography.

Results: Cigarette smoking may be an important factor in disrupting reproduction: 1. The increase in the oestradiol E2 level was ac-
companied by significantly lowered serum cotinine concentrations in tobacco smokers; 2. In smoking patients, the serum level of LH
significantly increased on the first days of the menstrual cycle; 3. The higher levels of P (in the 14" and 21* days) were assumed to be the
result of a longer menstrual cycle.

Conclusions: Active and passive smoking may be an important contributor to reproductive health issues and deserves greater focus in
health education programs directed towards women of reproductive age. (Endokrynol Pol 2022; 73 (1): 16-25)
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Introduction

Tobacco smoke constitutes, among others, polycyclic
aromatic hydrocarbons (PAHs), heterocyclic analogues,
aromatic amines, N-nitrosamines, volatile hydro-
carbons, aldehydes, phenols, miscellaneous organic
compounds, metals, and inorganic compounds [1-4].
Smoking is one of the most serious hazards to modern
civilization because of its widespread use, the effect
on human health and life, and the monetary losses
experienced by society [5]. Of great concern was the
adverse effect that tobacco smoking demonstrated
in both clinical and epidemiological investigations in
women of reproductive age [6-10]. According to World

Health Organization (WHO) data, currently 175 million
smokers in the population are women, whereas only in
Europe, there are 74 million [5, 11-12]. In Poland, there
was a dramatic increase in tobacco smoking among
young girls (57% are smokers). Recent meta-analysis by
Vardavas and Nikitara, and another by Cai showed that
tobacco use is associated with adverse outcomes and
a worse prognosis for those with Coronavirus Disease
2019 (COVID-19) [13, 14].

Nicotine and its main metabolite, cotinine, nega-
tively affect gametogenesis, oviduct transport, ovula-
tion, fertilization, implantation of the fertilized oocyte,
as well as the development of the placenta. Tobacco
smoking and exposure to second-hand smoke result
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in a lower expression of the gene coding for the recep-
tors of follicle-stimulating hormone (FSH) and causes
a decrease in levels of this hormone produced by granu-
losa cells. Inactivation of aromatase by the alkaloids
in tobacco smoke results in decreased production of
17p-oestradiol (E2). Polycyclic aromatic hydrocarbons
present in tobacco smoke induce modifications in the
action of microsomal enzymes, the cytochrome P450,
CYP19, and inhibition of aromatase in granulosa cells
[10, 15-16].

Since the 1980s there have been many meta-analyses
and cohort studies on the relationship between the
menstrual cycle and changes in the number of smoked
cigarettes [17-21]. These studies showed an increase in
the number of smoked cigarettes in the luteal phase. In
smokers, significantly reduced levels of anti-Miillerian
hormone (AMH) were found, especially in patients
preparing for in vitro fertilization (IVF) [22-25]. The
latest research by Lammert et al. showed that women
who use tobacco and cannabis have a shortened lu-
teal phase in comparison to females who use tobacco
only [26]. Some studies have reported that women
smoke more cigarettes per day during the luteal phase
of the cycle [27], although not all studies report this
[28]. Furthermore, abstaining from smoking during the
premenstrual phase appears to increase the discomfort
associated with quitting compared with abstaining in
other phases.

The goal of the present study was to analyse the in-
fluence of exposure to tobacco smoke (active and passive
smoking) on the level of luteinizing hormone (LH), FSH,

Table 1. Clinical characteristics of study participants

178-E2, and P in blood serum of young Polish women in
the 1%, 14™, and 21+ day of the menstrual cycle.

Material and methods

Patients and sample collection

The study was performed on a group of 153 patients in reproduc-
tive age (range 17.4-24.6 years) (Tab. 1), who received care at the
Gynaecological — Obstetric Clinical Hospital of Poznan University
of Medical Sciences, Poland. The authors obtained informed con-
sent from the participating women. The research project received
consent by the Bioethical Commission of Poznan University of
Medical Sciences, Poland.

The patients were a group of healthy volunteers, who were invited
by the hospital for prophylactic gynaecological examination with
contemporary hormonal analysis, as well as estimation of carcinoma
antigen 125 (CA-125), carcinoembryonic antigen (CEA), and alpha-
fetoprotein (AFP). The age group was uniform.

They were divided into three treatment groups: non-smokers
(n = 42), second-hand smokers (n = 49), and smokers (n = 62).
The assignment to each research group was made on the basis of
each patient’s report of their smoking status (basis for assignment
to the appropriate group) — and as an auxiliary indicator, the coti-
nine level in serum. The ovulatory cycle was confirmed by vaginal
ultrasound in each case [29].

Women with diabetes, primary ovarian insufficiency, depression,
anxiety, thyroid disorders, asthma, allergies, seizures, and migraines
as well as with transvaginal ultrasound abnormalities, smoking e-
cigarettes, taking illegal drugs, nicotine replacement preparations,
and hormonal contraceptives drugs were excluded from the study.
Transvaginal ultrasound assessment was performed on days 12-13
and 15-16 in the whole group, to determine the phase of the cycle.
The goal was to find the dominant follicle collapse as the indirect
sign of ovulation. The duration of the menstrual cycles ranged from
24 to 39 days, with the luteal phase from 9 to 16 days, according to
TVU evaluations (Tab. 1).

The blood samples were collected (around 8 a.m.) from test par-
ticipants in the 2nd or 3", 14", and 21* day of the menstrual cycle
(three samples were analysed from one subject). After 10 minutes

Non-smokers Second-hand smokers Smokers
(n = 42) (n = 49) (n = 62)
Age [years] mean (=SD) 22.1(2.1) 21.7 (2.3) 19.2(1.9)
Range 19.1-24.6 18.2-23.7 17.4-23.2
Number of cigarettes per day, mean (+SD) 0 0 16.4 (4.7)
FTND Score, mean (+SD) - - 5.3(1.9)
BMI [kg/m?] mean (+SD) 23.5(1.9) 22.4(2.8) 23.7 (2.6)
Menarche age (mean) 12.8 12.6 13.2
Level of serum cotinine [ng/mL]*
Mean = SD (n) 30 = 19.1(13) 96.6 = 120.8 (91)
In 2-3/14/21 day 0 26.23/34.27/32.96 110.72/78.21/99.25
Duration of menstrual cycle
Mean (+SD) 31.5(2.5) 30.1(2.4) 29.7 (2.2)
Range 25-38 26-39 24-38
Duration of luteal phase (days) mean (+=SD) 11.5(1.7) 11.2 (1.4) 10.1(1.2)
Range 10-16 10-15 9-14

*The cotinine level should be interpreted with caution because in the second-hand smokers group there were only 9% and in the smokers group 45% of the results
above the lower limit of quantification (LOQ); FTND — Fagerstrom Test for Nicotine Dependence; BMI — body mass index; SD — standard deviation
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of centrifugation at 2000 g at 4°C, the serum was aspirated and
frozen at —80°C for storage for later measurement (not longer than
one month).

Questionnaire and Fagerstrom Test for Nicotine
Dependence (FTND)

Each woman who participated in the study was asked to fill out
a questionnaire to assess socio-economic status, health conditions,
exposure to tobacco smoke, and the course of her menstrual cycle.
Information collected from the questionnaire protocol, follow-
ing appropriate coding, was subjected to statistical analysis. The
Fagerstrom Test for Nicotine Dependence was used as a standard
instrument to assess the intensity of physical addiction to nicotine
(Tab. 1) [30].

Serum cotinine determination

Cotinine levels were determined by high-performance liquid chro-
matography with diode array detection (HPLC-DAD). The internal
standard was norephedrine — 100 uL/mL. Chromatography was
preceded by a liquid-liquid extraction. The sodium hydroxide so-
lution (0.2 mL of 0.1 M) was added to 1 mL of serum to obtain pH
= 8. Then 150 uL of norephedrine was added. Liquid-liquid type
extraction from the prepared samples was performed. For liquid—
liquid extraction, a mixture of dichloromethane and isopropanol at
9:1 (v/v) was added to the samples. Next, samples were shaken for
15 min (Multi Bio RS-24 shaker — Biosan). Then samples were cen-
trifuged for 15 min at 3100 g (Centrifuge 5804/5804 R, Eppendorf).
To the obtained extract 4 mL, with 150 uL of hydrochloric acid 0.035
M in methanol was added, and evaporated under pressurized nitro-
gen. The dry residue was dissolved in 100 uL of mobile phase [31].
Qualitative and quantitative analyses were performed using liquid
chromatography by Agilent Technologies series 1200 with a diode
array detector (Perlan Technologies). A liquid chromatography
column with C8 silicone filling: 5 um, 125 X 4 mm and precolumn:
5um, 4 X 4 mm (LiChrospher 60 RP-Select B by Merck) were used.
The mobile phase was a mixture of acetonitrile-phosphate buffer
with pH 4.2 (10:90) and flow rate of 1.0 mL/min. The injection
volume was 50 uL. The absorbance was measured at a wavelength
of 260 nm.

Before starting the studies, the method was subjected to valida-
tion, with such validation parameters as follows: limit of detection
(LOD), limit of quantification (LOQ — 15 ng/mL), linearity (15-1000
ng/mL), and reproducibility within a day (2.10% and 7.34%) and
between days (3.76% and 8.41%). The certified reference material
was used to optimize and validate the method [31].

Sex hormones analysis

In serum collected from all participants, the following hormones
FSH, LH, E2, and P were measured by commercially available
kits in accordance with the instructions of the manufacturer. The
measurements were made using electrochemiluminescence im-
munoassay — ECLIA (Modular Analytics, E170; Roche Diagnostics,
Mannheim, Germany).

The respective intra- and interassay coefficients of variations were
as follows: FSH 1.3-2.8 and 3.6-4.5%, LH 0.6-1.2 and 1.6-2.2%, E2
1.4-3.3and 2.2-4.9%,and P 0.7-2.9 and 1.9-4.9%. LOD were as fol-
lows: FSH 0.1 mIU/mL LH 0.1 mIU/mL, E2 5.0 pg/mL and P 0.03 ng/
mL. Normal values in our laboratory are as follows: FSH (mIU/mL):
follicular phase from 3.5 to 12.0; ovulatory phase from 4.7 to 21.5;
luteal phase up to 1.5; LH follicular phase from 2.5 to 12.5 mIU/mL;
ovulatory phase from 14. 0 to 95.6; luteal phase from 1.0 to 11.5;
E2 (ng/mL): follicular phase from 12 to 233; ovulatory phase from 41
to 398; luteal phase from 22 to 341. Progesterone (ng/mL): follicular
phase from 0.057 to 0.893; ovulatory phase from 0.121 to 12.0; luteal
phase from 1.83 to 23.9.
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Statistical analysis

SAS 9.4 software (SAS Institute Inc., Cary, NC, USA) was used to per-
form statistical analysis. The normality of hormone concentration
data was checked with Shapiro-Wilk test. Based on the results of
the Kruskal-Wallis test, non-parametric analysis was implemented.
When necessary, it was subsequently followed by pairwise two-
sided multiple comparison analysis among subject groups using
Dwass, Steel, Critchlow-Fligner method. The differences were
considered significant for p < 0.05.

Results

Cotinine levels

Appropriate assignment of women to their active smok-
ing, second-hand smoke exposure, or non-smoking
groups were corroborated by using cotinine levels in
the serum of the studied women on the 2-3"4, 14", and
21 day of the menstrual cycle that was partly con-
cordant with the histories provided by these women.
However, following our analysis, 13 women from the
non-smoking group moved to the smokers’ group be-
cause of high nicotine metabolite levels in their serum.

In women exposed to second-hand smoke and in
active smokers, the mean concentration of cotinine in
the serum was 26.23, 34.27, and 32.96 ng/mL and 110.72,
78.21, and 99.25 ng/mL on the 1+, 14" and 21% day of
the menstrual cycle, respectively (Tab. 1). The cotinine
concentrations between these groups were significantly
different (p < 0.0001).

Based on the Fagerstrom Test for Nicotine De-
pendence (FTND), all patients who smoked, showed
a statistically significant degree of nicotine dependence
(over 6 points) (Tab. 1).

Sex hormones levels

Non-smoking

In this group, normal fluctuations were noted in the
levels of FSH, typical for menstrual cycles. The level
of FSH on the 1* day was higher (5.37 mIU/mL) than
on the 14" and 21% days of the cycle (4.68 mIU/mL and
4.16 mIU/mL, respectively) (Fig. 1).

Also, levels of LH in the control group changed in
the normal manner. There was a low concentration of
LH on the 1** day of the menstrual cycle (4.80 mIU/mL);
the highest was on the 14" day (8.92 mIU/mL) and then
it decreased on the 21* day (6.02 mIU/mL) (Fig. 2).

The concentrations of E2 in serum pointed to normal
levels in the menstrual cycle. They amounted to 39.89
pg/mL, 108.60 pg/mL, and 109.20 pg/mL on the 1*, 14™,
and 21+ day, respectively (Fig. 3).

Low levels of P (0.61 ng/mL) were seen on the 1%
day, they increased on the 14" day (0.96 ng/mL), and
reached the highest value (1.52 ng/mL) on the 21* day
of the menstrual cycle (Fig. 4).
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Figure 1. Mean serum concentrations of folliculotropic hormone (FSH) concentrations in the groups of non-smoking, exposed to
second-hand smoke, and smoking women in the 1%, 14", and 21% day of the menstrual cycle. *Statistically significant difference between

smokers and second-hand smokers (p = 0.02)
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Figure 2. Mean serum concentrations of luteinizing hormone (LH) in the groups of non-smoking, exposed to second-hand smoke,
and smoking women in the 1%, 14", and 21 day of the menstrual cycle. *Statistically significant difference between smokers and

second-hand smokers (p = 0.03)

Second-hand smokers

In this group, the levels of FSH on the 1, 14", and
21t day of the menstrual cycle were 5.62 mIU/mL,
6.06 mIU/mL, and 4.04 mIU/mL, respectively (Fig. 1).
The LH level detected on the 1** day of the menstrual
cycle was 4.27 mIU/mL, then it increased on the 14

day (7.27 mIU/mL), and it decreased again on the 21*
day (5.65 mIU/mL). These alterations in hormone lev-
els were similar to those of non-smoking women (Fig.
2). The concentration of E2 indicated a normal level
during the menstrual cycle and amounted to 34.88
pg/mL, 118.20 pg/mL, and 110.10 pg/mL, respectively
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Figure 3. Mean serum concentrations of 17f3-oestradiol (E2) in the groups of non-smoking, exposed to second-hand smoke, and smoking
women in the 1%, 14", and 21% day of the menstrual cycle. *Statistically significant difference between smokers and second-hand smokers
(p = 0.02)
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Figure 4. Mean serum concentrations of progesterone (P) in the groups of non-smoking, exposed to second-hand smoke, and smoking
women in the 19, 14", and 21% day of the menstrual cycle. *Statistically significant difference between smokers and second-hand smokers
(14" day: p < 0.001; 21* day: p = 0.004); *Statistically significant difference between smokers and non-smokers (14" day: p = 0.02;
21% day: p = 0.01)

(Fig. 3). The level of P (0.75 ng/mL) was seen on the 1 Smokers

day and on the 14" day (0.80 ng/mL), and the highest =~ FSH levels on the 1% and 14* days of the menstrual
values (2.99 ng/mL) were noted on the 21+ day of the ~ cycle were 6.02 mIU/mL and 5.02 mIU/mL, respectively,
menstrual cycle (Fig. 4). followed by a decrease on the 21% day (2.98 mIU/mL)
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Table 2. Comparison of hormone levels in experimental groups on the 1 day of the cycle

Significance of the

Significance of differences (p)

Hormone Kruskal-Wallis test (p) Ovs.1 1vs.2 0vs.2
FSH 0.03 NS 0.02 NS
LH 0.03 NS 0.03 NS
E2 NS NS NS NS
P NS NS NS NS
The differences between group 1 and 2 in serum level of FSH (p = 0.02) and in LH (p = 0.03) was statistically significant. 0 — non-smokers; 1 — second-hand smokers;
2 — smokers; FSH — follicle-stimulating hormone; LH — luteinizing hormone; E2 — 17/-oestradiol; P — progesterone
Table 3. Comparison of hormone levels in experimental groups on the 14" day of the cycle
Hormone Significanc_e of the Significance of differences (p)
Kruskal-Wallis test (p) Ovs.1 1vs.2 Ovs.2
FSH 0.15 NS NS NS NS
LH 0.16 NS NS NS NS
E2 0.02 NS NS 0.02
P < 0.001 NS < 0.001 0.02

There was a significant relationship between non-smokers (0) and smokers (2) in the serum E2 levels (p = 0.02) and in P levels (p = 0.2), and in second-hand smokers
(1) and smokers (2) in the level of P (p < 0.001). 0 — non-smokers; 1 — second-hand smokers; 2 — smokers; FSH — follicle-stimulating hormone; LH — luteinizing

hormone; E2 — 173-oestradiol; P — progesterone

(Fig. 1). The level of LH in the serum of tobacco smoking
women and those exposed to the second-hand smoke
or non-smoking women is shown in Figure 2.

The level of LH on the 1** day of the menstrual cycle
was 4.89 mIU/mL, peak values were reached on the
14" day (10.40 mIU/mL), and then were followed by
a pronounced decrease on the 21* day (4.74 mIU/mL).
The concentrations of E2 amounted to 42.49 pg/mL,
174.50 pg/mL, and 141.15 pg/mL, respectively (Fig. 3).
In the group of smoking women, the levels of P were
0.78, 1.27, and 9.66 ng/mL on the 1%, 14", and 21% day
of the cycle, respectively (Fig. 4).

Significant differences were found (p = 0.02) in
serum levels of FSH between tobacco-smoking women
compared to women exposed to second-hand smoke
on the 1* day of the menstrual cycle (Tab. 2) (Fig. 1).

Significant differences were found (p = 0.03) in
serum levels of LH between tobacco-smoking women
and those exposed to second-hand smoke on the 1 day
of the menstrual cycle. The level of LH was lower in the
group exposed to second-hand smoke than in the smok-
ing group (4.27 mIU/mL, 7.27 mIU/mL, and 5.65 mIU/mL
as compared to 4.89, 10.40, and 4.74 mIU/mL, respec-
tively) (Tab. 2) (Fig. 2). Significant differences were
also found (p = 0.02) in serum levels of E2 between
tobacco-smoking women and non-smoking women
on the 14 day of the menstrual cycle (Tab. 3) (Fig. 3).

On the 14" day of the menstrual cycle, statistically
significant lower levels of P (p 0.001) were detected in

the serum of women exposed to second-hand smoke
(0.8 ng/mL) and non-smoking women (0.96 ng/ mL)
(p = 0.02) compared with smoking women (1.27 ng/mL)
(Tab. 3). On the 21+ day, lower levels of P were found
in the group exposed to second-hand smoke (2.99
ng/mL) (p = 0.004) and non-smoking women (1.52
ng/mL) (p = 0.01) compared to the smoking group (9.66
ng/mL). The differences were statistically significant
(Tab. 4) (Fig. 4).

Discussion

Our data showed that the results of the questionnaire
were generally related to the cotinine levels in the
women’s serum on the 1%, 14", and 21* days of the
menstrual cycle, although it appears that some women
provided an incorrect history; this was clarified using
biomarkers. Therefore, patients previously considered
to be non-smokers (primary according to FTND) were
re-classified as smokers. This confirms the need to verify
the questionnaire survey results using biomarker levels.

The levels of FSH in urine samples increased in
a manner appropriate for the follicular phase up to
a peak in the periovulatory period. In the case of
tobacco smokers, FSH levels changed in a rhythmic
manner, but the detected hormone concentrations
were higher than those in non-smoking women [32].
An abbreviated follicular phase for tobacco-smoking
women, as an effect of higher FSH concentration, was
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Table 4. Comparison of hormone levels in experimental groups on the 21 day of the cycle

Significance of the

Significance of differences (p)

Hormone Kruskal-Wallis test (p) 0vs.1 1vs.2 0vs.2
FSH 0.06 NS NS NS NS
LH 0.15 NS NS NS NS
E2 0.19 NS NS NS NS
Progesterone 0.001 NS 0.004 0.01

The serum P levels (Kruskal-Wallis) were statistically significant between smokers (2) and non-smokers (0) (p = 0.01) and smokers (2) and second-hand smokers (1)
(p = 0.004). 0 — non-smokers; 1 — second-hand smokers; 2 — smokers; FSH — follicle-stimulating hormone; LH — luteinizing hormone; E2 — 17/-oestradiol;

P — progesterone

noted by Cramer and De Souza [33, 34]. An increase
in FSH induced a more rapid recruitment and devel-
opment of follicles, which accelerated ovulation [35].
However, an abbreviation of the follicular phase may
lead to an abnormal development of follicles, resulting
in an abnormal function of the corpus luteum and in
inhibition of progesterone secretion [36, 37]. It follows
that tobacco smoke directly shortens the menstrual
cycle, due to a disturbed secretion of FSH and B and it
promotes decreased fertility in healthy women, which
was confirmed by our research and was “enhanced”
by serum levels of cotinine. The lowered production
of P by the corpus luteum, particularly sensitive to the
action of tobacco smoke alkaloids, induced an increase
in FSH concentration in the follicular phase due to the
feedback loop with the pituitary. Mitra conducted stud-
ies on a group of 126 non-smoking and 178 smoking
women and demonstrated significantly higher levels of
FSH and LH in the group of smokers [38]. Indeed, there
is convincing evidence that nicotine has a clear effect
on the endocrine system, leading to an increase in FSH,
E2, and P [39, 40]. However, we did not find significant
differences in serum FSH on the 14* and 21 day of
the menstrual cycle between non-smoking, exposed
to second-hand smoke, and smoking women, but the
differences between second-hand smokers and smokers
were statistically significant on the 1% day of the cycle.

The investigations of Duskova et al. [41] demon-
strated higher levels of LH as well as lower concentra-
tions of oestradiol in the luteal phase. We observed
significant alterations of LH levels in the follicular phase
of the menstrual cycle of smoking patients and those
exposed to second-and smoke. In the serum of smok-
ers, the LH levels were around 40% higher than in the
group exposed to second-hand smoke. The increase in
LH on the 1** day of the cycle may suggest increased
ovarian resistance. Moreover, it may additionally indi-
cate so-called “poor respondents”.

The most important variable influencing the rate of
xenobiotics elimination, including tobacco smoke, was
the effect on cytochrome P450 enzymes [42, 43]. To-
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bacco smoke-dependent changes in cytochrome P450
1A1,1A2, and 2E1 expressions were found in foetuses,
newborns, pregnant rats, and human placenta. They
are responsible for an increased turnover of oestrogens
[44, 45]. Spink et al. [46] showed that tobacco smoking
resulted in a deficit of oestrogens, which may reflect
anincreased glycosylation in positions C-2, C-4, C-15a,
and C-6a of E2, through activation of CYP1A [47]. In
vitro studies demonstrated a decreased production
and turnover of E2 in Graafian follicles under the
effect of tobacco smoke alkaloids [48]. Nicotine and
its derivatives lead to inactive aromatase, responsible
for conversion of androgens to oestrogens [47, 49,
50]. Soldin’s et al. [51] results pointed to lower levels
of 17-3-oestradiol (E2), oestrone (EN), oestriol (EL) in
the serum of smoking women and in those exposed to
second-hand smoke, as compared to non-smokers. In
our study, statistically significant differences were not
observed, but the increase in E2 levels was accompa-
nied by significantly lower serum cotinine concentra-
tions in tobacco smokers.

Our research confirms that smoking women have
elevated levels of FSH, which are likely to cause an ab-
normal ovarian recruitment process and changes in
the functioning of the hypothalamic—pituitary—ovarian
axis [52, 53]. Research conducted by us is the only one
in the world to measure the pituitary (LH and FSH)
and P and E2 in three phases and to use the marker of
cotinine; also, past studies were conducted on animal
models. Moreover, based on cotinine, we have un-
equivocally proven that smoking leads to ovarian
dysfunction and thus to disorders in the synthesis and
secretion of hormones such as P and E2. Our research
has unequivocally demonstrated abnormal LH activ-
ity, which resulted in reduced progesterone levels in
smoking women.

However, the significant differences were dem-
onstrated between P levels in the serum of smoking
women and those exposed to second-hand smoke
on the 14" day of the menstrual cycle. The level of P
found in smoking women during the ovulation phase
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was almost twofold higher than in individuals exposed
to second-hand smoke. This may be explained by the
shortening of the follicular phase and earlier ovulation
in some women in this group. The presence of coti-
nine in granulosa follicular fluid was experimentally
confirmed in studies conducted by Miceli et al. [54],
similarly to the correlation between levels of the nico-
tine metabolite in follicular fluid in serum of smoking
women. The inhibition of P secretion by nicotine and its
metabolites resulted from disturbances in prostaglandin
metabolism in the corpus luteum, and from inhibition of
its secretion. Prostaglandin F,a (PG F a) induces struc-
tural and functional regression of the corpus luteum
while prostaglandin E, (PG E,) manifests luteotropic
effects and induces expression of genes coding for en-
zymes involved in steroidogenesis. The disturbances
lead to decreased P levels both in the luteal phase,
in early pregnancy, and in ovarian hyperstimulation
syndrome (OHS) [54-56].

We have shown that the P levels in smokers and
non-smokers or passive smokers on the 14" day of
the cycle have no significant clinical implications, al-
though a statistically significant relationship was found
(p = 0.02and p < 0.001, respectively). However, a very
significant correlation in P concentration on the 21* day
of cycle was found, which may indicate an impaired
secretory function of the corpus luteum. Our research
is important because it clearly shows a negative effect
of nicotine on P levels in the luteal phase, and a sta-
tistically significant difference between smokers and
non-smokers (0) (p = 0.01) and between smokers (2)
and second-hand smokers (1) (p = 0.004), which may
indicate a lower quality of egg cell and dysfunction of
the corpus luteum.

The differences that were observed during our study
compared to the observations of other investigators
may be due to other factors related to the menstrual
cycle, which we are not able to eliminate, such as envi-
ronmental factors (climate change, time zones, diet, and
stress), and genetic predisposition [57]. In the future,
research should take into account the narrower age
divisions in the study group of women in reproduc-
tive age [58].

Tobacco smoking remains a significant medical prob-
lem, especially because it relates to fertility (e.g. prema-
ture ovarian failure) and in particular for females who
smoke tobacco. Our study is even more interesting be-
cause we are the first to perform hormonal analysis (LH,
FSH, P E2) in women of childbearing age in every phase
of the menstrual cycle, for smokers, females passively
exposed to tobacco, and non-smokers. In addition to the
Fagerstrom Test for Nicotine Dependence (Fagerstrom),
we analysed the concentration of cotinine in the serum
(a biomarker of exposure to tobacco smoke) [59-61].

Conclusions

In smoking patients, the serum level of LH are signifi-
cantly higher in the first days of the menstrual cycle,
manifesting the potential for disturbing ovulation, and
resulting in insufficiency of the luteal phase. The higher
levels of P in midluteal phase have been assumed to be
the reason for the longer menstrual cycle and distur-
bances in cycle regularity declared by the patients. The
increase in oestradiol E2 level is accompanied by sig-
nificantly lowered serum cotinine concentrations in to-
bacco smokers (negative R ). This is probably the result
of slowed nicotine metabolism or from the accelerated
biotransformation of cotinine.

Cigarette smoking is an important factor in disrupt-
ing reproduction; hence, it is necessary to provide medi-
cal education to women of reproductive age about the
potential dangers of tobacco smoke to fertility.

Conflicts of interests
The authors declare that there are no conflicts of inter-
est.

Funding
This work was supported by the National Science Cen-
tre Poland [NN 404 265 740].

References

1. Talhout R, Schulz T, Florek E, et al. Hazardous compounds in to-
bacco smoke. Int ] Environ Res Public Health. 2011; 8(2): 613-628,
doi: 10.3390/ijerph8020613, indexed in Pubmed: 21556207.

2. Borgerding M, Klus H. Analysis of complex mixtures--cigarette smoke.
Exp Toxicol Pathol. 2005; 57 Suppl 1: 43-73, doi: 10.1016/j.etp.2005.05.010,
indexed in Pubmed: 16092717.

3. Fowles J, Dybing E. Application of toxicological risk assessment prin-
ciples to the chemical constituents of cigarette smoke. Tob Control. 2003;
12(4): 424-430, doi: 10.1136/tc.12.4.424, indexed in Pubmed: 14660781.

4.  Benowitz NL, Hukkanen J, Jacob P. Nicotine chemistry, metabolism,
kinetics and biomarkers. Handb Exp Pharmacol. 2009(192): 29-60, doi:
10.1007/978-3-540-69248-5_2, indexed in Pubmed: 19184645.

5. Bergen AW, Caporaso N. Cigarette smoking. ] Natl Cancer Inst.
1999; 91(16): 1365-1375, doi: 10.1093/jnci/91.16.1365, indexed in
Pubmed: 10451441.

6. Szyfter K, Napierala M, Florek E, et al. Molecular and health effects in
the upper respiratory tract associated with tobacco smoking other than
cigarettes. Int ] Cancer. 2019; 144(11): 2635-2643, doi: 10.1002/ijc.31846,
indexed in Pubmed: 30183075.

7. ThunM, Peto R, Boreham J, et al. Stages of the cigarette epidemic on en-
teringits second century. Tob Control. 2012; 21(2): 96-101, doi: 10.1136/to-
baccocontrol-2011-050294, indexed in Pubmed: 22345230.

8. Collaborative Group on Hormonal Factors in Breast Cancer. Men-
arche, menopause, and breast cancer risk: individual participant
meta-analysis, including 118 964 women with breast cancer from
117 epidemiological studies. Lancet Oncol. 2012; 13(11): 1141-1151,
doi: 10.1016/s1470-2045(12)70425-4, indexed in Pubmed: 23084519.

9. LangesS, Probst C,RehmJ, et al. National, regional, and global prevalence
of smoking during pregnancy in the general population: a systematic
review and meta-analysis. Lancet Glob Health. 2018; 6(7): e769-e776,
doi: 10.1016/52214-109X(18)30223-7, indexed in Pubmed: 29859815.

10. Practice Committee of the American Society for Reproductive Medi-
cine. Electronic address: asrm@asrm.org, Practice Committee of the
American Society for Reproductive Medicine. Smoking and infertility:
a committee opinion. Fertil Steril. 2018; 110(4): 611-618, doi: 10.1016/j.
fertnstert.2018.06.016, indexed in Pubmed: 30196946.

11. Allen AM, Oncken C, Hatsukami D. Women and Smoking: The Effect
of Gender on the Epidemiology, Health Effects, and Cessation of Smok-

23


http://dx.doi.org/10.3390/ijerph8020613
https://www.ncbi.nlm.nih.gov/pubmed/21556207
http://dx.doi.org/10.1016/j.etp.2005.05.010
https://www.ncbi.nlm.nih.gov/pubmed/16092717
http://dx.doi.org/10.1136/tc.12.4.424
https://www.ncbi.nlm.nih.gov/pubmed/14660781
http://dx.doi.org/10.1007/978-3-540-69248-5_2
https://www.ncbi.nlm.nih.gov/pubmed/19184645
http://dx.doi.org/10.1093/jnci/91.16.1365
https://www.ncbi.nlm.nih.gov/pubmed/10451441
http://dx.doi.org/10.1002/ijc.31846
https://www.ncbi.nlm.nih.gov/pubmed/30183075
https://www.ncbi.nlm.nih.gov/pubmed/22345230
http://dx.doi.org/10.1016/s1470-2045(12)70425-4
https://www.ncbi.nlm.nih.gov/pubmed/23084519
http://dx.doi.org/10.1016/S2214-109X(18)30223-7
https://www.ncbi.nlm.nih.gov/pubmed/29859815
http://dx.doi.org/10.1016/j.fertnstert.2018.06.016
http://dx.doi.org/10.1016/j.fertnstert.2018.06.016
https://www.ncbi.nlm.nih.gov/pubmed/30196946

The menstrual cycle and tobacco smoking

Ewa Florek et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

24

ing. Curr Addict Rep. 2014; 1(1): 53-60, doi: 10.1007/540429-013-0003-6,
indexed in Pubmed: 27213132.

Mackay J, Amos A. Women and tobacco. Respirology. 2003; 8(2): 123-130,
doi: 10.1046/j.1440-1843.2003.00464.x, indexed in Pubmed: 12753525.
Vardavas CI, Nikitara K. COVID-19 and smoking: A systematic review
of the evidence. Tob Induc Dis. 2020; 18: 20, doi: 10.18332/tid/119324,
indexed in Pubmed: 32206052.

Cai H. Sex difference and smoking predisposition in pa-
tients with COVID-19. Lancet Respir Med. 2020; 8(4): e20,
doi: 10.1016/52213-2600(20)30117-X, indexed in Pubmed: 32171067.
Czekaj I, Wiaderkiewicz A, Florek E, et al. Tobacco smoke-dependent
changes in cytochrome P450 1A1, 1A2, and 2E1 protein expressions
in fetuses, newborns, pregnant rats, and human placenta. Arch
Toxicol. 2005; 79(1): 13-24, doi: 10.1007/s00204-004-0607-7, indexed in
Pubmed: 15448981.

Sadeu JC, Foster WG. The cigarette smoke constituent benzol[a]
pyrene disrupts metabolic enzyme, and apoptosis pathway member
gene expression in ovarian follicles. Reprod Toxicol. 2013; 40: 52-59,
doi: 10.1016/j.reprotox.2013.05.008, indexed in Pubmed: 23747951.
Mello NK, Mendelson JH, Palmieri SL. Cigarette smoking by women:
interactions with alcohol use. Psychopharmacology (Berl). 1987; 93(1):
8-15, doi: 10.1007/BF02439579, indexed in Pubmed: 3114817.
Steinberg JL, Cherek DR. Menstrual cycle and cigarette smoking behav-
ior. Addict Behav. 1989; 14(2): 173-179, doi: 10.1016/0306-4603(89)90045-
2, indexed in Pubmed: 2728953.

Craig D, Parrott A, Coomber JA. Smoking cessation in women:
effects of the menstrual cycle. Int J Addict. 1992; 27(6): 697-706,
doi: 10.3109/10826089209068761, indexed in Pubmed: 1612821.

Marks JL, Hair CS, Klock SC, et al. Effects of menstrual phase on intake of
nicotine, caffeine, and alcohol and nonprescribed drugs in women with
late luteal phase dysphoric disorder. ] Subst Abuse. 1994; 6(2): 235-243,
doi: 10.1016/50899-3289(94)90265-8, indexed in Pubmed: 7804022.
Sakai H, Ohashi K. Association of menstrual phase with smoking
behavior, mood and menstrual phase-associated symptoms among
young Japanese women smokers. BMC Womens Health. 2013; 13: 10,
doi: 10.1186/1472-6874-13-10, indexed in Pubmed: 23452831.

Freour T, Dessolle L, Jean M, et al. Predictive value of ovarian reserve
markers in smoking and non-smoking women undergoing IVE Reprod
Biomed Online. 2010; 20(6): 857-860, doi: 10.1016/j.rbmo.2010.03.006,
indexed in Pubmed: 20382079.

Freour T, Masson D, Dessolle L, et al. Ovarian reserve and in vitro
fertilization cycles outcome according to women smoking status and
stimulation regimen. Arch Gynecol Obstet. 2012; 285(4): 1177-1182,
doi: 10.1007/s00404-011-2172-7, indexed in Pubmed: 22183426.

Plante BJ, Cooper GS, Baird DD, et al. The impact of smoking on anti-
miillerian hormone levels in women aged 38 to 50 years. Menopause.
2010; 17(3): 571-576, doi: 10.1097/gme.0b013e3181c7deba, indexed in
Pubmed: 20065884.

Sowers MR, McConnell D, Yosef M, et al. Relating smoking, obesity,
insulin resistance, and ovarian biomarker changes to the final menstrual
period. Ann N'Y Acad Sci. 2010; 1204: 95-103, doi: 10.1111/j.1749-6632.
2010.05523.x, indexed in Pubmed: 20738279.

Lammert S, Harrison K, Tosun N, et al. Menstrual Cycle in Women
Who Co-use Marijuana and Tobacco. ] Addict Med. 2018; 12(3): 207-211,
doi: 10.1097/ADM.0000000000000387, indexed in Pubmed: 29381494.
Snively TA, Ahijevych KL, Bernhard LA, et al. Smoking behavior,
dysphoric states and the menstrual cycle: results from single smoking
sessions and the natural environment. Psychoneuroendocrinology.
2000; 25(7): 677691, doi: 10.1016/s0306-4530(00)00018-4, indexed in
Pubmed: 10938448.

Allen SS, Hatsukami D, Christianson D, et al. Symptomatology and
energy intake during the menstrual cycle in smoking women. J Subst
Abuse. 1996; 8(3): 303-319, doi: 10.1016/s0899-3289(96)90170-4, indexed
in Pubmed: 8934436.

Jensvold ME, Hamilton JA, Halbreich U. Future research direc-
tions. Methodological considerations for advancing gender-sensitive
pharmacology. In: Jensvold ME ed. Psychopharmacology and women:
Sex, gender, and hormones. American Psychiatric Press, Washington
1996: 415.

Heatherton T, Kozlowski L, Frecker R, et al. The Fagerstrom Test for
Nicotine Dependence: a revision of the Fagerstrom Tolerance Question-
naire. Br ] Addict. 1991; 86(9): 1119-1127, doi: 10.1111/j.1360-0443.1991.
tb01879.x, indexed in Pubmed: 1932883.

Napierala M, Merritt TA, Miechowicz I, et al. The effect of maternal
tobacco smoking and second-hand tobacco smoke exposure on hu-
man milk oxidant-antioxidant status. Environ Res. 2019; 170: 110-121,
doi: 10.1016/j.envres.2018.12.017, indexed in Pubmed: 30579160.
Windham GC, Mitchell I, Anderson M, et al. Cigarette smoking and ef-
fects on hormone function in premenopausal women. Environ Health
Perspect. 2005; 113(10): 1285-1290, doi: 10.1289/ehp.7899, indexed in
Pubmed: 16203235.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51

52.

53.

Cramer DW, Barbieri RL, Xu H, et al. Determinants of basal follicle-stim-
ulating hormone levels in premenopausal women. J Clin Endocrinol
Metab. 1994; 79(4): 1105-1109, doi: 10.1210/jcem.79.4.7962282, indexed
in Pubmed: 7962282.

De Souza M]J, Miller BE, Loucks AB, et al. High frequency of luteal phase
deficiency and anovulation in recreational women runners: blunted
elevation in follicle-stimulating hormone observed during luteal-fol-
licular transition. J Clin Endocrinol Metab. 1998; 83(12): 4220-4232,
doi: 10.1210/jcem.83.12.5334, indexed in Pubmed: 9851755.

Fukuda M, Fukuda K, Andersen CY, et al. Characteristics of human
ovulation in natural cycles correlated with age and achievement of
pregnancy. Hum Reprod. 2001; 16(12): 2501-2507, doi: 10.1093/hum-
rep/16.12.2501, indexed in Pubmed: 11726566.

Tulppala M, Bjorses UM, Stenman UH, et al. Luteal phase defect in
habitual abortion: progesterone in saliva. Fertil Steril. 1991; 56(1): 41-44,
doi: 10.1016/s0015-0282(16)54413-6, indexed in Pubmed: 2065803.
Wuttke W, Pitzel L, Seidlova-Wuttke D, et al. LH pulses and the corpus
luteum: the luteal phase deficiency LPD). Vitam Horm. 2001; 63: 131-158,
doi: 10.1016/s0083-6729(01)63005-x, indexed in Pubmed: 11358113.
Mitra A, Chakraborty B, Mukhopadhay D, et al. Effect of smoking on
semen quality, FSH, testosterone level, and CAG repeat length in an-
drogen receptor gene of infertile men in an Indian city. Syst Biol Reprod
Med. 2012; 58(5): 255-262, doi: 10.3109/19396368.2012.684195, indexed
in Pubmed: 22578234.

Jandikova H, Duskova M, Stdrka L. The influence of smoking and ces-
sation on the human reproductive hormonal balance. Physiol Res. 2017;
66(Suppl 3): S323-5331, doi: 10.33549/physiolres.933724, indexed in
Pubmed: 28948816.

Tweed JO, Hsia SH, Lutfy K, et al. The endocrine effects of nicotine
and cigarette smoke. Trends Endocrinol Metab. 2012; 23(7): 334-342,
doi: 10.1016/j.tem.2012.03.006, indexed in Pubmed: 22561025.

Duskova M, Simtinkové K, Hill M, et al. Chronic cigarette smoking alters
circulating sex hormones and neuroactive steroids in premenopausal
women. Physiol Res. 2012; 61(1): 97-111, doi: 10.33549/physiolres.932164,
indexed in Pubmed: 22188108.

Neves Cruz J, Santana de Oliveira M, Gomes Silva S, et al. Insight into
the Interaction Mechanism of Nicotine, NNK, and NNN with Cyto-
chrome P450 2A13 Based on Molecular Dynamics Simulation. ] Chem
Inf Model. 2020; 60(2): 766-776, doi: 10.1021/acs.jcim.9b00741, indexed
in Pubmed: 31622091.

Zevin S, Benowitz NL. Drug interactions with tobacco smoking. An
update. Clin Pharmacokinet. 1999; 36(6): 425-438, doi: 10.2165/0000308
8-199936060-00004, indexed in Pubmed: 10427467.

Siegfried JM. Early changes in pulmonary gene expression fol-
lowing tobacco exposure shed light on the role of estrogen me-
tabolism in lung carcinogenesis. Cancer Prev Res (Phila). 2010; 3(6):
692-695, doi: 10.1158/1940-6207.CAPR-10-0093, indexed in Pubmed:
20515955.

Benowitz NL, Jacob P. Trans-3"-hydroxycotinine: disposition kinetics,
effects and plasma levels during cigarette smoking. Br J Clin Pharma-
col. 2001; 51(1): 53-59, doi: 10.1046/j.1365-2125.2001.01309.x, indexed in
Pubmed: 11167665.

Spink D, Eugster HE, Lincoln D, et al. 178-Estradiol hydroxylation cata-
lyzed by human cytochrome P450 1A1: A comparison of the activities
induced by 2,3,7,8-tetrachlorodibenzo-p-dioxin in MCE-7 cells with
those from heterologous expression of the cDNA. Arch Biochem Bio-
phys. 1992; 293(2): 342-348, doi: 10.1016/0003-9861(92)90404-k, indexed
in Pubmed: 1536570.

Tanké LB, Christiansen C. An update on the antiestrogenic effect
of smoking: a literature review with implications for researchers
and practitioners. Menopause. 2004; 11(1): 104-109, doi: 10.1097/01.
GME.0000079740.18541.DB, indexed in Pubmed: 14716190.

Mueck AO, Seeger H, Mueck AO, et al. Smoking, estradiol metabolism
and hormone replacement therapy. Arzneimittelforschung. 2003; 53(1):
1-11, doi: 10.1055/5-0031-1297063, indexed in Pubmed: 12608008.
Spangler JG. Smoking and hormone-related disorders. Prim Care.
1999; 26(3): 499-511, doi: 10.1016/s0095-4543(05)70114-7, indexed in
Pubmed: 10436284.

Kapoor D, Jones TH. Smoking and hormones in health and endocrine
disorders. Eur ] Endocrinol. 2005; 152(4): 491-499, doi: 10.1530/eje.1.01867,
indexed in Pubmed: 15817903.

Soldin OF, Makambi KH, Soldin SJ, et al. Steroid hormone levels asso-
ciated with passive and active smoking. Steroids. 2011; 76(7): 653659,
doi: 10.1016/j.steroids.2011.02.042, indexed in Pubmed: 21396948.
Whitcomb BW, Bodach SD, Mumford SL, et al. Ovarian function and
cigarette smoking. Paediatr Perinat Epidemiol. 2010; 24(5): 433-440, doi
:10.1111/j.1365-3016.2010.01131.%, indexed in Pubmed: 20670224.
Caserta D, Bordi G, Di Segni N, et al. The influence of cigarette smok-
ing on a population of infertile men and women. Arch Gynecol Ob-
stet. 2013; 287(4): 813-818, doi: 10.1007/s00404-012-2643-5, indexed in
Pubmed: 23183716.


http://dx.doi.org/10.1007/s40429-013-0003-6
https://www.ncbi.nlm.nih.gov/pubmed/27213132
http://dx.doi.org/10.1046/j.1440-1843.2003.00464.x
https://www.ncbi.nlm.nih.gov/pubmed/12753525
http://dx.doi.org/10.18332/tid/119324
https://www.ncbi.nlm.nih.gov/pubmed/32206052
http://dx.doi.org/10.1016/S2213-2600(20)30117-X
https://www.ncbi.nlm.nih.gov/pubmed/32171067
http://dx.doi.org/10.1007/s00204-004-0607-7
https://www.ncbi.nlm.nih.gov/pubmed/15448981
http://dx.doi.org/10.1016/j.reprotox.2013.05.008
https://www.ncbi.nlm.nih.gov/pubmed/23747951
http://dx.doi.org/10.1007/BF02439579
https://www.ncbi.nlm.nih.gov/pubmed/3114817
http://dx.doi.org/10.1016/0306-4603(89)90045-2
http://dx.doi.org/10.1016/0306-4603(89)90045-2
https://www.ncbi.nlm.nih.gov/pubmed/2728953
http://dx.doi.org/10.3109/10826089209068761
https://www.ncbi.nlm.nih.gov/pubmed/1612821
http://dx.doi.org/10.1016/s0899-3289(94)90265-8
https://www.ncbi.nlm.nih.gov/pubmed/7804022
http://dx.doi.org/10.1186/1472-6874-13-10
https://www.ncbi.nlm.nih.gov/pubmed/23452831
http://dx.doi.org/10.1016/j.rbmo.2010.03.006
https://www.ncbi.nlm.nih.gov/pubmed/20382079
http://dx.doi.org/10.1007/s00404-011-2172-7
https://www.ncbi.nlm.nih.gov/pubmed/22183426
http://dx.doi.org/10.1097/gme.0b013e3181c7deba
https://www.ncbi.nlm.nih.gov/pubmed/20065884
http://dx.doi.org/10.1111/j.1749-6632.2010.05523.x
http://dx.doi.org/10.1111/j.1749-6632.2010.05523.x
https://www.ncbi.nlm.nih.gov/pubmed/20738279
http://dx.doi.org/10.1097/ADM.0000000000000387
https://www.ncbi.nlm.nih.gov/pubmed/29381494
http://dx.doi.org/10.1016/s0306-4530(00)00018-4
https://www.ncbi.nlm.nih.gov/pubmed/10938448
http://dx.doi.org/10.1016/s0899-3289(96)90170-4
https://www.ncbi.nlm.nih.gov/pubmed/8934436
http://dx.doi.org/10.1111/j.1360-0443.1991.tb01879.x
http://dx.doi.org/10.1111/j.1360-0443.1991.tb01879.x
https://www.ncbi.nlm.nih.gov/pubmed/1932883
http://dx.doi.org/10.1016/j.envres.2018.12.017
https://www.ncbi.nlm.nih.gov/pubmed/30579160
http://dx.doi.org/10.1289/ehp.7899
https://www.ncbi.nlm.nih.gov/pubmed/16203235
http://dx.doi.org/10.1210/jcem.79.4.7962282
https://www.ncbi.nlm.nih.gov/pubmed/7962282
http://dx.doi.org/10.1210/jcem.83.12.5334
https://www.ncbi.nlm.nih.gov/pubmed/9851755
http://dx.doi.org/10.1093/humrep/16.12.2501
http://dx.doi.org/10.1093/humrep/16.12.2501
https://www.ncbi.nlm.nih.gov/pubmed/11726566
http://dx.doi.org/10.1016/s0015-0282(16)54413-6
https://www.ncbi.nlm.nih.gov/pubmed/2065803
http://dx.doi.org/10.1016/s0083-6729(01)63005-x
https://www.ncbi.nlm.nih.gov/pubmed/11358113
http://dx.doi.org/10.3109/19396368.2012.684195
https://www.ncbi.nlm.nih.gov/pubmed/22578234
http://dx.doi.org/10.33549/physiolres.933724
https://www.ncbi.nlm.nih.gov/pubmed/28948816
http://dx.doi.org/10.1016/j.tem.2012.03.006
https://www.ncbi.nlm.nih.gov/pubmed/22561025
http://dx.doi.org/10.33549/physiolres.932164
https://www.ncbi.nlm.nih.gov/pubmed/22188108
http://dx.doi.org/10.1021/acs.jcim.9b00741
https://www.ncbi.nlm.nih.gov/pubmed/31622091
http://dx.doi.org/10.2165/00003088-199936060-00004
http://dx.doi.org/10.2165/00003088-199936060-00004
https://www.ncbi.nlm.nih.gov/pubmed/10427467
http://dx.doi.org/10.1158/1940-6207.CAPR-10-0093
https://www.ncbi.nlm.nih.gov/pubmed/20515955
http://dx.doi.org/10.1046/j.1365-2125.2001.01309.x
https://www.ncbi.nlm.nih.gov/pubmed/11167665
http://dx.doi.org/10.1016/0003-9861(92)90404-k
https://www.ncbi.nlm.nih.gov/pubmed/1536570
http://dx.doi.org/10.1097/01.GME.0000079740.18541.DB
http://dx.doi.org/10.1097/01.GME.0000079740.18541.DB
https://www.ncbi.nlm.nih.gov/pubmed/14716190
http://dx.doi.org/10.1055/s-0031-1297063
https://www.ncbi.nlm.nih.gov/pubmed/12608008
http://dx.doi.org/10.1016/s0095-4543(05)70114-7
https://www.ncbi.nlm.nih.gov/pubmed/10436284
http://dx.doi.org/10.1530/eje.1.01867
https://www.ncbi.nlm.nih.gov/pubmed/15817903
http://dx.doi.org/10.1016/j.steroids.2011.02.042
https://www.ncbi.nlm.nih.gov/pubmed/21396948
http://dx.doi.org/10.1111/j.1365-3016.2010.01131.x
https://www.ncbi.nlm.nih.gov/pubmed/20670224
http://dx.doi.org/10.1007/s00404-012-2643-5
https://www.ncbi.nlm.nih.gov/pubmed/23183716

Endokrynologia Polska 2022; 73 (1)

54.

55.

56.

57.

Miceli E Minici E Tropea A, et al. Effects of nicotine on human luteal cells
in vitro: a possible role on reproductive outcome for smoking women.
Biol Reprod. 2005; 72(3): 628-632, doi: 10.1095/biolreprod.104.032318,
indexed in Pubmed: 15548733.

Zenzes MT, Reed TE, Casper RE Effects of cigarette smoking and age on
the maturation of human oocytes. Hum Reprod. 1997; 12(8): 1736-1741,
doi: 10.1093/humrep/12.8.1736, indexed in Pubmed: 9308804.

Issat T, Nowicka MA, Oleksik TE et al. Serum progesterone concentra-
tions on the day of oocyte retrieval above 9.23 ng/ml may predict ovarian
hyperstimulation syndrome risk in in vitro fertilized patients. J Physiol
Pharmacol. 2019; 70(5), doi: 10.26402/jpp.2019.5.15, indexed in
Pubmed: 32009632.

Hawkins SM, Matzuk MM. The menstrual cycle: basic biology. Ann N
Y Acad Sci. 2008; 1135: 10-18, doi: 10.1196/annals.1429.018, indexed in
Pubmed: 18574203.

58.

59.

60.

61.

Shea A, Vitzthum V. The extent and causes of natural variation in
menstrual cycles: Integrating empirically-based models of ovarian
cycling into research on women'’s health. Drug Discov Today: Disease
Models. 2020; 32: 4149, doi: 10.1016/j.ddmod.2020.11.002.

Benowitz NL. Cotinine as a biomarker of environmental tobacco smoke
exposure. Epidemiol Rev. 1996; 18(2): 188-204, doi: 10.1093/oxfordjourn-
als.epirev.a017925, indexed in Pubmed: 9021312.

Benowitz NL, Jacob P. Metabolism of nicotine to cotinine studied by
a dual stable isotope method. Clin Pharmacol Ther. 1994; 56(5): 483-493,
doi: 10.1038/clpt.1994.169, indexed in Pubmed: 7955812.

Benowitz NL, Jacob B Benowitz NL, et al. Sources of variability in
nicotine and cotinine levels with use of nicotine nasal spray, transder-
mal nicotine, and cigarette smoking. Br ] Clin Pharmacol. 1997; 43(3):
259-267, doi: 10.1111/j.1365-2125.1997.00566.x, indexed in Pubmed:
9088580.

25


http://dx.doi.org/10.1095/biolreprod.104.032318
https://www.ncbi.nlm.nih.gov/pubmed/15548733
http://dx.doi.org/10.1093/humrep/12.8.1736
https://www.ncbi.nlm.nih.gov/pubmed/9308804
http://dx.doi.org/10.26402/jpp.2019.5.15
https://www.ncbi.nlm.nih.gov/pubmed/32009632
http://dx.doi.org/10.1196/annals.1429.018
https://www.ncbi.nlm.nih.gov/pubmed/18574203
http://dx.doi.org/10.1016/j.ddmod.2020.11.002
http://dx.doi.org/10.1093/oxfordjournals.epirev.a017925
http://dx.doi.org/10.1093/oxfordjournals.epirev.a017925
https://www.ncbi.nlm.nih.gov/pubmed/9021312
http://dx.doi.org/10.1038/clpt.1994.169
https://www.ncbi.nlm.nih.gov/pubmed/7955812
http://dx.doi.org/10.1111/j.1365-2125.1997.00566.x
https://www.ncbi.nlm.nih.gov/pubmed/9088580

