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Background: The aim of the study was to analyze lipid and hormone metabolism, body mass
index (BMI), and age parameters in late reproductive stage women in relation to cigarette
smoking.

Methods: The study enrolled 345 healthy late reproductive stage women living in Poland;
13.33% were smokers. The first part of the study assessed lipid metabolism (total choles-
terol, high-density lipoprotein [HDL], low-density lipoprotein [LDL], and triglycerides) and
hormone metabolism (estradiol [E2], follicle-stimulating hormone [FSH], and anti-Miillerian
hormone [AMH] levels) in women in the early phase of the follicular menstrual cycle. The
second part of study was carried out using the diagnostic survey method, with a standardized
questionnaire (Primary Care Evaluation of Mental Disorders [PRIME-MD]) and the authors’
own research tools.

Results: The women were aged 42.31+4.5 years (mean £ SD). The BMI (24.8+4.04 kg/m?) did
not differ significantly between the groups. The women who smoked cigarettes had a statisti-
cally significantly (p<<0.05) lower level of HDL as well as higher LDL and triglyceride levels
(»<<0.05). Differences were also shown in hormone levels: non-smoking participants had
statistically significantly higher levels of E2 and FSH (p<<0.05). In the group of non-smoking
women, age was a predictor exerting a significant positive impact on the levels of total cho-
lesterol, LDL, triglycerides, and AMH (p<<0.05). BMI contributed to a decline in HDL and
triglyceride levels. In the group of smoking women, age significantly positively influenced the
level of E2, and negatively influenced AMH. BMI was associated with a significant decrease
in the HDL level.

Conclusion: Smoking cigarettes affects the physical health of women in late reproductive stage
through negative influences on lipid and hormone metabolism, among other factors. Age is an
unmodifiable factor adversely affecting both lipids and hormones. Higher BMI has a negative
influence on lipid metabolism in both groups of women in this study.

Keywords: smoking, cholesterol profile, gonadal steroid hormones

Introduction

Smoking cigarettes is a well-documented risk factor for the development of
cardiovascular disease, atherosclerosis, and type 2 diabetes. Several studies have looked
at the relationships between cigarette smoking and triglyceride concentration in blood
serum, fasting blood glucose, and high-density lipoprotein (HDL) cholesterol levels.'
The outcomes did not always demonstrate the expected relationship. The study con-
ducted by Freeman et al on a group of men proved only a slight influence of smoking on
the level of triglycerides.? Other reports did not show statistically significant differences
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in fasting glycemia level and insulin resistance between
smokers and non-smokers.%’ An important factor influencing
these relationships may be body mass, as an increase in body
mass is strongly associated with an increase in triglyceride
levels in serum?® and a decrease in HDL concentration.” Some
studies report that people who smoke tend to maintain a lower
body weight than non-smokers. '

Moreover, epidemiological studies reveal a negative
impact of cigarette smoking on ovarian function and fertil-
ity, as well as faster onset of menopause.'' The effect of
environmental factors, such as cigarette smoking and obe-
sity, on ovarian reserve may be important for determining
the time of menopause. There is more and more scientific
evidence of the usefulness of anti-Miillerian hormone (AMH)
testing, together with follicle-stimulating hormone (FSH),
in measuring ovarian reserve and evaluating the impact of
environmental factors on fertility.'?

AMH belongs to the transforming growth factor-8
family. Initiation of AMH expression in granular layer cells
of Graafian follicles takes place during folliculogenesis.
AMH expression is higher in precavernous granular cells
and in small cavernous follicles, and gradually undergoes
changes in further stages of follicular development.'* Studies
conducted among women have mainly focused on analyz-
ing the role of AMH in serum as a determinant of ovarian
function. van Rooij et al found a strong relationship between
the number of cavernous follicles, evaluated with the use
of ultrasonography, which reflects the size of the primary
follicle pool, and the level of AMH in serum.' This suggests
that AMH is an excellent marker of ovarian reserve. Studies
by Riggs et al revealed that this hormone has strong predic-
tive properties of ovarian reserve, after taking into account
age as well as FSH, luteinizing hormone (LH), and estradiol
(E2) hormone levels.'s

The process of ovarian aging is also characterized by a
progressive increase in FSH concentration in serum. This
increase is associated with progressive loss of ovarian
function.'? In murine studies, it was noted that a lack of AMH
causes follicles to be recruited at a significantly faster pace.
Moreover, it was shown that follicles display an increased
sensitivity to FSH.!¢

The 2001 Stages of Reproductive Aging Workshop
(STRAW) standardized the classification of menopause
status.!” A decade later, a new, updated STRAW+10 version
was developed. The study presented here included women
who, according to this classification, were in the late repro-
ductive stage (the —3 stage), ie, the stage typified by the onset
of a decline in fecundability and first changes in the menstrual

cycle. In accordance with the STRAW+10 criteria, this phase
is divided into two subphases: —3b and —3a. The length of
the menstrual cycle in the —3b subphase remains unchanged.
What can be observed, however, is that the level of AMH and
the antral follicle count decrease. The —3a subphase is char-
acterized by a shortening of the menstrual cycle. Moreover,
in the early follicular phase, the level of FSH increases, while
the levels of other biomarkers of ovarian aging decrease.!”
The level of FSH >30 mIU/mL is regarded as critical and
is marked by a lack of ovarian follicles in the ovaries. In
this period, the level of E2 decreases dramatically (from
40400 pg/mL before menopause, depending on the phase of
the menstrual cycle, to 20-30 pg/mL after menopause).'®
The aim of this study was to analyze the influence of
smoking on:
1) the lipid and hormonal profiles of women in the late
reproductive stage;
2) the relationship between hormonal and lipid profiles in
the study sample;
3) parameters of hormonal and lipid metabolism depending
on the participants’ age and body mass index (BMI).

Materials and methods

The study enrolled healthy women in the late reproductive
stage, living in north-west Poland. All participants came from
the general population of the West Pomerania Province
(Poland). A quota sampling method was applied. Recruitment
was performed based on advertisements in public places and
local newspapers. All the women were classified into the late
reproductive stage group based on the results of their FSH
and AMH levels according to STRAW+10 criteria.'™'® The
youngest participant was 35 years old, and the oldest one
was 53 years old. Women with endocrine disorders, thyroid
diseases, diabetes, neoplastic disease, abnormal smear test
results, or mental disorders were excluded. Women with
Axis I mental disorders according to the ICD-10 classifi-
cation were excluded from the analysis by means of the
Primary Care Evaluation of Mental Disorders (PRIME-MD)
questionnaire and a psychiatric examination. The study
involved 345 women; 26 women were excluded, either
because they did not meet the inclusion criteria or because
of incomplete data.

All subjects gave their written informed consent for
inclusion in the research. The study was conducted in accor-
dance with the Declaration of Helsinki, and the protocol was
approved by the Bioethical Commission of the Pomeranian
Medical University in Szczecin, Poland (permission number
KB-0012/12/12). Those responsible for the whole research
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process were qualified and properly trained academic workers
(Masters of Nursing) of the Pomeranian Medical University
in Szczecin.

Assessments

The first part of the study comprised laboratory tests includ-
ing lipid metabolism (total cholesterol, HDL cholesterol,
low-density lipoprotein [LDL] cholesterol, and triglycerides)
and hormone metabolism (E2, FSH, and AMH levels).

Women in the early phase of the follicular menstrual cycle
had their venous blood sample taken using the closed blood
collection system BD Vacutainer®, following the existing
guidelines. Blood was collected in the treatment room and
delivered to the laboratory in accordance with the relevant
rules and procedures.

The levels of AMH, FSH, E2, total cholesterol, HDL cho-
lesterol, LDL cholesterol, and triglycerides were measured
in a certified laboratory (ISO 9001:2008 certificate).

The following norms of “Laboratoria Medis” were
followed: total cholesterol 115-190 mg/dL, HDL choles-
terol =45 mg/dL, LDL cholesterol <115 mg/dL, and trig-
lycerides =150 mg/dL. For the follicular phase, the norms
were E2 12.5-166 pg/mL and FSH 3.5-12.5 mIU/mL.

In the second part of the study, we carried out a survey
with a standardized questionnaire (PRIME-MD) and our
own research tools, concerning sociodemographic data and
information about smoking. Based on the ICD-10 criteria,
we established whether the women were addicted to nicotine.
The group of smokers comprised only those women who had
at least three of the following symptoms during the previous
year: a strong need for nicotine; an increasing problem with
control of smoking-related behaviors; withdrawal syndrome
while making attempts to limit or give up smoking; a growing
need to smoke more cigarettes to achieve the same effect that
was previously attainable with a lower number; neglecting
interests and activities for smoking; and smoking despite
the awareness of its numerous negative consequences."
Other women were included in the non-smoking group after
confirming that they did not smoke at all.

In addition, the patients were weighed and measured in
order to calculate their BMI values according to the formula
BMI = weight (kg)/height? (m?).

Statistical analysis

Statistical analysis was conducted with the use of the PASW
Statistics 18 software. The lack of normal distribution of
variables analyzed was confirmed with the Shapiro—Wilk test
(»<<0.05). The Mann—Whitney U-test was applied to verify

the null hypothesis regarding the independence of the ana-
lyzed variables. Multiple regression analysis was applied to
identify predictors having a significant impact on response (or
dependent) variables. In the process of statistical inference,
statistically significant values were taken as p=0.05.

Results

There were 345 women in the study. Of those, 13.3% were
smokers and 86.7% were non-smokers. They were aged
42.344.5 years (mean £ SD), and the median age of smoking
and non-smoking women was similar. Three-quarters of the
participants (75.1%) had a university education and 22.6%
had a secondary education. The majority of the women
(72.5%) lived in cities with a population greater than 100,000
residents. Most of the participants (75.1%) lived with partners
and the vast majority (96.5%) were working.

The BMI of the studied women was 24.8+4.04 kg/m?
(mean + SD), which is within the normal range. The BMI
was 24.6£3.7 kg/m? in the non-smoking group and
25.445.4 kg/m? in the smoking group (non-significant
difference).

The mean values of lipid metabolism indicators for
the studied women were within the normal range for
triglycerides (93.16£50.00 mg/dL) and HDL cholesterol
(55.40£13.30 mg/dL) and slightly above the existing norms
for total cholesterol (193.054+33.93 mg/dL) and LDL cho-
lesterol (119.04+30.16 mg/dL).

A comparative analysis of lipid metabolism in the smok-
ing and non-smoking women showed statistically significant
differences in mean concentrations of HDL, LDL, and
triglycerides (Table 1). The women who smoked had lower
HDL, and higher LDL and triglyceride levels compared with
non-smoking women in the late reproductive stage. Statisti-
cally significant differences were also shown in hormone
levels, with non-smoking participants having higher levels
of E2 (85.9 vs 64.4 pg/mL) and FSH (6.2 vs 7.4 mIU/mL)
compared with smokers (Table 1).

Table 2 presents the results of multiple regression
analysis of lipid and hormone levels in both smokers and
non-smokers. Estimated models described the actual data
in an unsatisfactory way (R<<0.5); the differences were not
statistically significant (p>0.05).

Next, we analyzed how age and BMI affected lipid and
hormone levels in the groups of smokers and non-smokers.
In the case of non-smoking women, age was a significant
positive contributor to the levels of total cholesterol, LDL,
triglycerides, and AMH (p<<0.05). BMI was associated with
a decrease in HDL and triglyceride levels. In the group of
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Table | Comparative analysis of lipid metabolism and hormones in non-smoking and smoking women in the late reproductive stage

Variable Non-smoking Smoking z p-value
N=345 n=299 (86.67%) n=46 (13.33%)

Median (IQR) Min-Max Median (IQR) Min-Max
Lipid profile
Total cholesterol (mg/dL) 191 (44) 107295 197.5 (39) 136282 —1.603 0.109
HDL cholesterol (mg/dL) 55 (l6) 21-109 5121) 18-85 1.985 0.047
LDL cholesterol (mg/dL) 116 (38) 41-221 122.5 (37) 51-203 —-2.008 0.045
Triglycerides (mg/dL) 79 (46) 35-327 97 (58) 43-429 -2.259 0.024
Hormone profile
E2 (pg/mL) 85.9 (99.5) 4.3-841 64.4 (46.3) 4.9-279.3 2.333 0.020
FSH (mlU/mL) 6.2 (3.4) 2.3-497.5 7.4 (48) 3.8-115.0 -2.115 0.034
AMH (ng/mL) 1.33 (2.37) 0.15-11.59 1.35 (2.14) 0.15-8.17 —-0.282 0.778

Note: Bold values denote statistical significance (p<<0.05).

Abbreviations: IQR, interquartile range; Min, minimum value; Max, maximum value; HDL, high-density lipoprotein; LDL, low-density lipoprotein; E2, estradiol; FSH,

follicle-stimulating hormone; AMH, anti-Miillerian hormone.

smoking women, age had a significant, positive impact on the
level of E2, and a negative impact on AMH. BMI was associ-
ated with a significant decline in the HDL level (Table 3).

Discussion

The outcomes of the research described in this article show
adverse effects of smoking cigarettes on lipid metabolism
(lower HDL, and higher LDL and triglyceride levels in
smokers) and hormonal functioning (lower E2 and higher
FSH levels). Factors such as age and a higher BMI make
this relationship even stronger.

Dyslipidemia is considered one of the most important
modifiable factors in the development of type 2 diabetes,?*?!
atherosclerosis,?>? cardiovascular disease,?*** and stroke.?¢?’
A well-documented effect of smoking is hypercholester-
olemia, which is associated with a higher risk of cardio-
vascular disease. This factor is believed to influence the
increase in total cholesterol level, LDL, and triglycerides,
simultaneously inducing the decrease in HDL.?® In our
study, significant differences between groups of smoking
and non-smoking women were shown. Significantly higher
concentrations of LDL cholesterol and triglycerides were

observed in smoking compared with non-smoking women,
while the level of HDL cholesterol was significantly lower
in smokers than in non-smokers. These results show that the
risk of developing the above-mentioned diseases is consider-
ably higher in smoking women than in their non-smoking
counterparts.

A study conducted on 11,559 participants from the
Republic of Korea, whose smoking status was verified with a
nicotine urine test, revealed that the risk of developing meta-
bolic syndrome was significantly higher among smokers.”
The women who smoked had a significantly higher risk of
abdominal obesity and a higher level of triglycerides com-
pared with non-smokers.?’ These findings correspond with
our results, showing that smokers significantly more often
had symptoms typical of metabolic syndrome, such as lower
HDL and higher LDL levels.

The outcomes of a lipid profile assessment performed in
women in 1983 suggested a negative influence of smoking
on lipid metabolism.** Mean concentrations of triglycer-
ides and total cholesterol in the smoking and non-smoking
groups in that study were lower than those obtained in the
current study in 2016 (total cholesterol — 1983: smoking

Table 2 Multiple regression analysis of lipid metabolism and hormones in smoking and non-smoking women in the late repro-

ductive stage

Smoking Total cholesterol HDL cholesterol LDL cholesterol Triglycerides RIp
(mg/dL) (mg/dL) (mg/dL) (mg/dL)
AMH (ng/mL) Yes - —0.015 —0.002 0.001 0.324/0.312
No 0.000 0.003 - —0.001 0.120/0.375
E2 (pg/mL) Yes - 0.082 0.232 —0.036 0.270/0.516
No 0.112 0.583 - 0.172 0.115/0.417
FSH (mIU/mL) Yes - —0.068 0.097 —0.039 0.300/0.400
No 0.004 0.000 - —0.026 0.073/0.810

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; AMH, anti-Miillerian hormone; E2, estradiol; FSH, follicle-stimulating hormone; R, coefficient

of determination; p, level of significance.
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Table 3 Multiple regression analysis of hormone and lipid
metabolism determinants with age and BMI in the groups of
smoking and non-smoking women in the late reproductive stage

Smoking Age BMI RIp
Total cholesterol  Yes 0.247* —0.247* 0.340/0.067
(mg/dL) No 0.154%* 0.030 0.161/0.021
HDL cholesterol  Yes 0.193 —0.382%* 0.418/0.014
(mg/dL) No —0.066 —0.41 1" 0.425/0.000
LDL cholesterol Yes 0.197 —-0.157 0.246/0.255
(mg/dL) No 0.169%* 0.095* 0.205/0.002
Triglycerides Yes -0.018 0.895 0.134/0.671
(mg/dL) No 0.108** 0.390%** 0.418/0.000
AMH (ng/mL) Yes —0.402%* 0.095 0.408/0.018
No —0.347*%  —0.063 0.361/0.000
E2 (pg/mL) Yes 0.371%* 0.233* 0.448/0.007
No 0.042 -0.076 0.082/0.369
FSH (mIU/mL) Yes 0.243* —-0.231 0.327/0.083
No 0.069 —-0.078 0.097/0.245

Notes: *p<<0.1; ¥p<<0.05; ***p<0.001.

Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; AMH, anti-Miillerian hormone; E2, estradiol; FSH, follicle-
stimulating hormone; R, coefficient of determination; p, level of significance.

189 mg/dL and non-smoking 197 mg/dL vs 2016: 201 mg/dL
and 191 mg/dL, respectively; triglycerides — 1983: smoking
100 mg/dL and non-smoking 64 mg/dL vs 2016: 114 mg/dL
and 89 mg/dL, respectively).® These differences may be
caused by the influence of environmental factors on lipid
metabolism.

Studies conducted in the Tobacco Cessation Clinic indi-
cate that quitting smoking, tested in the third week from
cessation, resulted in increased body weight.*! Despite this
effect, it was noted that the risk of metabolic syndrome
decreased owing to a reduction in the number of people
with hypertension, hypertriglyceridemia, and low HDL
levels. The benefits from smoking cessation outweighed the
adverse effects of weight gain.*! Conclusions from this study
suggest that irrespective of its early consequences (such as an
increase in body mass), giving up smoking should definitely
be encouraged to reduce the risk of developing diseases
of civilization.

In a study by Qi et al, the risk of developing dyslipidemia
in women increased with age, reaching its peak value at
60 years of age.’? This relationship is believed to result from
hormonal changes which occur in the premenopausal and
postmenopausal periods.*> The age of women in the smoking
and non-smoking groups in that study was very similar. Our
analysis has shown that age plays a major role in lipid metab-
olism in women, both in smokers and in non-smokers.

The study carried out by Ruan and Mueck revealed
that duration and intensity of smoking considerably affect

both endogenous and exogenous E2 levels and may cause a
decrease or inactivation of this hormone.* It was noted that
cigarette smoking reverses the beneficial effects of estro-
gens in reducing hot flashes and genitourinary symptoms.
Furthermore, the positive influence of estrogens on lipid
metabolism and the risk of cardiovascular system diseases
is reduced.® In this study, the level of E2 was significantly
lower in the group of smoking women than in non-smokers
(median 64.4 pg/mL vs 85.9 pg/mL), which corresponds
with the results reported by Ruan and Mueck, even though
we did not take into account the intensity of smoking, only
the fact of being addicted to nicotine.

Research conducted among 141 infertile women in
Chile proved that cigarette smoking is a risk factor leading
to decreased AMH concentrations in blood plasma.’* After
ruling out the influence of other factors, it was shown that
smoking caused a decrease of AMH by 2.29 ng/mL, irre-
spective of the number of cigarettes smoked in the week
preceding the test. However, a relationship between smok-
ing and FSH and estradiol levels on the third day of the
menstrual cycle was not proven.’ In contrast, the level of
AMH in our study was similar in both groups, but a signifi-
cant relationship between smoker status and estradiol and
FSH levels in the initial follicular phase was demonstrated.
Divergence between these results was probably associ-
ated with the fact that the Chilean study included infertile
women with hormonal disorders, whereas the present study
involved healthy women in the late reproductive stage (FSH:
smokers 14.86 mIU/mL vs 7.4 mIU/mL and non-smokers
14.03 mIU/mL vs 6.2 mIU/mL, in the Chilean and the present
study, respectively; E2: smokers 28.89 pg/mL vs 64.4 pg/mL
and non-smokers 30.67 pg/mL vs 85.9 pg/mL). Comparison
between these two studies reveals the influence of smoking
on female hormone metabolism, depending on whether
hormonal function was normal or disordered.

A study among Chinese women showed that BMI has
a significant impact on the occurrence of dyslipidemia.*
It was observed that people with dyslipidemia had a BMI
of 25.143.3 kg/m? (mean + SD), while for people with no
lipid metabolism abnormalities, the BMI was 23.243.1
kg/m?. This relationship was particularly apparent for
people with hypertriglyceridemia, in whom the BMI was
25.543.4 kg/m*. Moreover, results of multivariable logistic
regression revealed that the level of education, presence of
obesity, and cigarette smoking significantly increased the
risk of dyslipidemia, while regular physical activity turned
out to be an independent protective factor.’? Our study also
demonstrated a significant negative impact of increased BMI
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on lipid metabolism, which especially refers to the levels
of HDL and triglycerides. This effect was observed in both
smoking and non-smoking women.

In the study by Qi et al, the age-adjusted prevalence of
dyslipidemia was higher in women (37.6%) than in men
(34.4%).* This result may be due to differences in the fre-
quency of overweight, obesity, and central obesity, which
affect women much more often than men in the Chinese
population.’! In the current study, the level of cholesterol
in smoking and non-smoking women in the late reproduc-
tive stage increased significantly with age. Confirmation of
these findings requires further analyses and a larger number
of studied patients.

Limitations

Our study was not free from limitations. The most impor-
tant of these were the small number of women categorized
as smokers, and the fact that women were included in the
non-smoking group exclusively on the basis of the ICD-10
dependence syndrome. It would be interesting to conduct
more extensive research, taking into consideration duration
and intensity of smoking, as well as exposure to passive
smoking. Despite these limitations, research outcomes
indicate the presence of mutual relationships between some
hormone and lipid metabolism markers and cigarette smoking
in the group of women in the late reproductive stage.

Conclusion

In relation to our earlier aims we conclude that 1) cigarette
smoking in women in the late reproductive stage has a
negative influence on lipid and hormone metabolism; 2) age
affects both lipid and hormone metabolism in women in the
late reproductive stage. This relationship can be more clearly
seen in non-smoking women; and 3) higher BMI values have
a negative influence on lipid metabolism in both smoking
and non-smoking women.

Disclosure
The authors declare no conflicts of interest in this work.
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