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BACKGROUND: Smoking disrupts the endocrine system, altering levels of key hormones such as estrogen (E2) and prol-
actin (PRL). This makes the relationship between smoking and sex hormones an important research topic. IL-12 is a crucial
cytokine that enhances immune responses, particularly in promoting T-cell differentiation.

AIM: This study aims to assess the impact of smoking on immune function by analyzing the reduction of pro-inflammatory
cytokines (e.g., IL-12) and determining whether hormonal differences exacerbate this effect in females.

MATERIALS AND METHODS: Ninety serum samples were collected from healthy single females, age range (20-29) years
old. The samples were divided into three groups: smokers (n=30), secondhand smokers (individuals exposed to tobacco
smoke in their environment) (n=30), and non-smokers (control group, n=30). The female smokers were subdivided into
2 sub-groups: the first is based on the rate of smoking per day into heavy and light smokers, and the second group is the du-
ration of smoking years (<4 years) and (=4 years).

RESULTS: The findings revealed notable variations in the levels of IL-12, PRL, and HbA1c across all the studied groups
(p-value <0.05). While, for E2, the (Median=92.68) in the smokers is lower than the control and secondhand smokers groups,
the difference is non-significant.

CONCLUSION: Our findings suggest that heavy smoking adversely affects both metabolic health (increases HbA1c level)
and hormonal balance in women. Also, smoking does decrease IL-12 levels, which can impair immune responses and affect
overall health. While the durations of smoking (short-term vs. long-term) did not lead to notable changes in the outcomes
being measured.
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MPOJIAKTUH, 3CTPOTEH, HbA1c U UHTEPJIENKWUH-12 Y HE3AMYHUX KYPALUX MKEHLLUH
NPAKA
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'HauunoHanbHbIN LeHTp anabeTa, YHuBepcuteT MycTtaHcupus, bargag, Vpak
2Anb-Kapxckuin yHnBepcuteT Hayk, bargag, pak

OBOCHOBAHME. KypeHune HapyLllaeT SHAOKPUHHYIO CUCTEMY, NU3MEHAA YPOBHU KNOYEBbIX FTOPMOHOB, TaKMX Kak 3CTPOreH
(E2) n nponakTnH (PRL). B3anmocBA3b mexay KypeHuemM 1 NoioBbIMM FOPMOHaMU ABNIAETCA BaXXHOW TEMOW MCCNef0BaHMA.
IL-12 — BaKHbI LUTOKUH, YCUIINBAIOLMNIA UMMYHHbIE OTBETbI, 0COGEHHO CNOCObCTBYSA AndPepeHLmpoBKe T-numdoLMTOB.
LEJIb. OueHnTb BANAHME KypeHUA Ha GYHKLMIO MMMYHHOW CUCTEMbI MyTEM aHanm3a CHUXXEHUA NPOBOCNANUTENbHbIX LNTO-
KWHOB (Hanpumep, IL-12) n onpepennTb, ycyrybnaioT 1 ropMoHabHble pasnnuna 3ToT 3G eKT y KeHLUH.

MATEPUAJIbI U METOAbI. bbinio cobpaHo 90 o6pa3uLoB CbiIBOPOTKM OT 340POBbIX HE3aMYMHUX >KEHLMH B BO3pacTe
20-29 net. O6pa3subl pa3genunu Ha Tpu rpynnbl: Kypawwme (n=30), noABepriinecs NacCUBHOMY (BTOPUYHOMY) KypeHuto
(n1ua, noaBepratLmecs BO3AeNCTBUI0 TabauHoro AbiMa B OKpy»atoLen cpene) (n=30) 1 HeKypsLme (KOHTPOoNbHadA rpynna,
n=30). KypALire *eHWWHbl 6blIM JONOMHUTENIbHO Pa3faesnieHbl Ha 2 NOArpyMbl: MO UHTEHCUBHOCTW KyPeHUA B CYTKN — TA-
Xesible 1 Nerkue KypunblymLbl; 1 N0 AANTENbHOCTU KypeHusa — <4 neT u >4 ner.

PE3YJIbTATDbI: BbiAB/ieHbl 3HauMMble pasnuuna B yposHax IL-12, PRL n HbA, mexay nccnegyembimn rpynnamm (p<0,05).
Yro Kkacaetca E2, meanaHa B rpynne KypAwmx (MegnaHa=92,68) HUXe, UeM B KOHTPOJIbHOW 1 rpymnne NacCUBHOIO KypeHus,
OfHaKO pa3HMLa CTaTUCTUYECKN He3HauYMMa.

BbIBOAbI: Pe3ynbTtathl CBMAETENLCTBYIOT, UTO TAXKENO0E KYpeHMe HeraTMBHO BIMAET Kak Ha MeTabonmyeckoe 310poBbe (no-
BbllwaeT ypoBeHb HbA1c), Tak 1 Ha ropmoHasbHbIN 6anaHC y XeHLWKWH. Kpome Toro, KypeHune cHMXaeT ypoBeHb IL-12, yto
MOXeT 0CNabnATb MMMYHHble OTBETbI 1 OTPULIATENIbHO BAMATH Ha ObLLee coCToAHME 300P0BbA. JnTenbHOCTb KypeHus (Ko-
POTKMI CPOK VS. ANUTENbHBIN) CyLLEeCTBEHHO He N3MeHAsa n3yyaemble MoKasaTenu.

KJTKOYEBBIE CJIOBA: IL-12; PRL; E2; HbA1¢; kypeHue
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BACKGROUND

The relationships between smoking and circulating sex
hormones in premenopausal women have not been thor-
oughly investigated [1]. Although factors like demographics,
alcohol intake, and physical activity, have been linked to lev-
els of endogenous sex hormones in both premenopausal
and postmenopausal groups, the evidence regarding the ef-
fect of smoking on sex-steroid hormone levels has been less
consistent [2, 3].

Cigarette smoking, a common addictive behavior and
lifestyle choice in modern culture, involves inhaling and ex-
haling smoke from burning tobacco and other substances
in cigarettes [4]. Health consequences of smoking include
conditions like peptic ulcer and periodontitis, also, several
types of cancers including those of the lung and bronchi-
al tubes (moreover, larynx, oral, and bladder cancer). Also
smoking can cause stroke, cataracts, atherosclerosis, em-
physema, asthma, coronary and myocardial infarction, leu-
kemia, infertility in both women and men [5].

Smoking remains the primary cause of higher mor-
tality rate and is associated with numerous diseases, in-
cluding those related to reproductive issues, with its
prevalence driven by growing social and economic pres-
sures [6]. In the United States, Smoking accounts for 140,000
premature deaths from cardiovascular disease (CVD) each
year, making up about 30% of all deaths associated with
smoking [7].

Smoking affects ovarian endocrine function and is as-
sociated with an earlier onset of menopause. Research on
in vitro fertilization cycles has indicated that cigarette smok-
ing significantly diminishes ovarian reserve and results
in less response to ovarian stimulation at a younger age [8].
Additionally, smoking during pregnancy has been linked
to harmful changes in the placenta and fetus, with pregnant
smokers experiencing higher rates of low birth weight and
perinatal and neonatal mortality [9]. However, as far as we
know, the impact of smoking on human endometrium is still
not well understood.

Chronic smoking disrupts the balance of the endocrine
system, leading to elevated levels of cortisol, growth hor-
mone, sex hormone-binding globulin, and prolactin (PRL).
This disruption can impair fertilization in both men and
women [10].

Acute cigarette smoking leads to a significant rise in PRL
secretion, with this increase correlating with elevated plas-
ma nicotine concentrations [11]. In contrast, smoking nic-
otine-free cigarettes does not result in changes to PRL lev-
els [11]. Notable increases in PRL levels have been observed
following opioid blockade [12]. However, this response is
markedly weaker in smokers than in non-smokers, as dopa-
mine typically inhibits PRL secretion, and opioids enhance
dopamine release, which further suppresses PRL levels. This
suggests that smokers may exhibit a diminished response
to opioid-induced dopamine release or experience disrup-
tion in the interaction between dopamine and PRL [12].

Previous research has indicated that the levels of placen-
tal estriol, human placental lactogen (HPL), and -human
chorionic gonadotropin (B-HCG) are inversely correlated
with the daily number of cigarettes smoked [13]. These alter-
ations may be significant, as these placental hormones can
impact fetal brain development.
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Smoking not only weakens the beneficial effects of es-
trogen (E2) on hot flushes, urogenital symptoms and lipid
metabolism, but it may also impair estrogen’s protective
role against osteoporosis and possibly cardiovascular dis-
eases. This is mainly due to dose-dependent increases
in liver clearance, which are linked to lower E2 levels, a pat-
tern observed primarily with oral E2 administration [14].
It is not advisable to Increase the dose in smokers to coun-
teract the reduced therapeutic efficacy, as this may result
in the production of potentially mutagenic E2 metabolites,
which would raise the risk of breast cancer. Since the ben-
eficial effects of E2 appear to remain intact when admin-
istered transdermally in smokers, this method is recom-
mended for them [14].

Cigarette exposure exacerbates insulin resistance [15],
even with secondhand exposure contributing to this effect
in a dose-dependent manner, thereby increasing the likli-
hood of developing metabolic syndrome [15]. On the oth-
er hand, quitting smoking may also induce changes that
promote insulin resistance, depending on the fluctuations
in body weight [16]. Additionally, smoking leads to an in-
crease in visceral fat independent of changes in BMI, which
helps explain the paradoxial of increase in metabolic risk
associated with visceral adiposity, despite overall weight
loss [17].

Tobacco smoking can lead to autoimmune and in-
flammatory through various mechanisms. These include
changes in genes and their expression, increased oxida-
tive stress, and the production of free radicals [18, 19].
As a result, smoking leads to an increase in the pro-
liferation of T and B cells, a decrease in the function
of immune-suppressing T regulatory (Treg) cells, and
elevated levels of pro-inflammatory substances like IL-1
beta, IL-8, IL-6, and tumor necrosis factors. Additionally,
smoking enhances the expression of chemotactic cy-
tokines [20, 21, 22].

Inflammatory cytokines, such as Interleukins and
chemokines play a vital role in the communication, reg-
ulation, and activation of immune cells, as well as for
mediating inflammatory responses. These processes are
profoundly influenced by exposure to tobacco smoke.
Previous and existing researches have concentrated on
the link between tobacco smoking and various diseases.
Forinstance, smoking is recognized for modifying the con-
centration and activation of particular white blood cells,
such as leukocytes, leading to increased levels of inflam-
matory markers like C-reactive protein (CRP) and IL-6 [23].
However, further investigation is needed to understand
the changes in these cytokines in serum following smok-
ing cessation.

IL-12, primarily produced by dendritic cells, mono-
cytes, macrophages, and B cells, can activate various
immune cell subsets that recognize and destroy cancer
cells, and enhance immunity during the cancer immu-
nity cycle [24]. This pro-inflammatory cytokine inter-
leukin (IL)-12 is essential for initiating and progressing
of the Th-1 response, which is marked by the production
of interferon-gamma (IFN-y) by different T cells and nat-
ural killer cells [25]. IL-12 is released early in the immune
response and is essential for regulating both innate and
adaptive immunity, in addition to playing mediating an-
ti-tumor activity [26, 27].
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RESEARCH AIM

Building on our previous findings of reduced IL-12 lev-
els in smokers, the current study aims to examine the im-
pact of cigarette smoke on IL-12, PRL, E2, and HbA1c levels
in healthy single female smokers. The reason for selecting
the «single females» in this study is to minimize confounding
from spouse smoking. Married women may have household
exposure, making it difficult to distinguish between second-
hand and active exposure. Focusing on single women allows
as to study secondhand smoking from environmental sourc-
es like family, workplaces, and public area.

MATERIALS AND METHODS

Place of the research. National Diabetes Center laborato-
ries, Mustansiriyah University.
Period of the research. From (September to October) 2024.

Population “90”: the first 30 females were smokers, the sec-
ond 30 females were secondhand Smokers “non-smokers
but living with a smoker persons” and the third group was
30 female non-smokers (control group). The first group
(smoker females) was subdivided into two sub-groups:
the first based on the rate of smoking per day into heavy
and light smokers, the second group based on the number
of smoking years (<4 years) and (>4 years).

Inclusion criteria: Single Females, age range were (20-29)
years old.

Exclusion criteria: Married Females, Not Healthy, having
Diabetes.

A Randomized case-control study (The term‘randomized’
was inaccurately used, as the study followed a case-control
design without a formal randomization process) was per-
formed with ninety serum samples obtained from healthy
single females within the age range 20 to 29 years, attend-
ing to the NDC from (August to October 2024). The signif-
icant influence of menstrual cycle regularity, cycle phase,
oral contraceptive, and pregnancy on PRL levels is acknowl-
edgeable. To minimize hormonal variability, the study exclu-
sively included non-pregnant women who were not using
contraceptives. Additionally, menstrual cycle regularity was
considered in participants selection to insure consistency
in hormonal profile. The samples were divided into three
main groups, the first 30 females were smokers, the second
30 females were Secondhand Smokers “non-smokers but
living with a smoker persons”and the third group was 30 fe-
male non-smokers (control group). The first group (smok-
er females) was subdivided into two sub-groups: the first
based on the rate of smoking per day into heavy and light
smokers, the second group based on the number of smok-
ing years (<4 years) and (=4 years). Our data collection fo-
cused on smoking duration rather than the exact number
of cigarettes smoked per day.

Five milliliters of venous blood was drawn by using
a disposable syringe (5cc) from all participants, (2ml)
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into an EDTA tube for the HbA1c test, 3ml into a gel
tube and centrifuge for ten minutes at 3000 rpm for se-
rum obtaining and divided into two Eppendorf tubes
one for the measurement of hormone immediately and
the other storage at -20 C degree until IL-12 measure-
ment. The level of serum IL-12 in the patients and con-
trol groups was determined by using the MyBioSource
(USA) enzyme-linked immunosorbent assay (ELISA) kit
and following the manufacturer’s instructions. Body Mass
Index (BMI) was calculated by using the equation BMI =
weight (Kg)/height (m?). The levels for HbA1c were meas-
ured by using (HbA1c kit-Germany) and (Cobas c111) de-
vice, while the levels of both E2 (Estradiol Ill kit-Germany)
and PRL (Elecsys Prolactin kit-Germany) were measured
in (ng/ml) by using (Cobas e411) device.

Statistical data were analyzed with the Statistical
Package for the Social Sciences (SPSS) version 26.0 software
(SPSS Inc, Chicago, IL, USA). For evaluating the significance
levels between the three groups in this study Kruskal-
Wallis H test was used, while the Mann-Whitney U test was
used to calculate the level of significance between the two
group’s patients and control. Results are presented as medi-
an, minimum, and maximum. Spearman test was used for
correlation. A result was considered statistically significant if
the p-value was below 0.05.

Before the commencement of this trial, all patients
provided their written and dated consent for their partici-
pation. Furthermore, this study received ethical approval
from the ethics committee of the National Diabetes Center
at Mustansiriyah University in (September 2024), Ensuring
adherence to the guidelines set forth in the 1964 Declaration
of Helsinki, along with any subsequent revisions or similar
ethical standards.

RESULTS

Ninety samples were collected from healthy single fe-
males aged 20 to 29 years. The samples were categorized
into three primary groups: first group consisted of control
(non-smokers), second group included secondhand smok-
ers (non-smokers living with smokers), and the third group
comprised active smokers. The latter group was further sub-
divided into two categories based on daily smoking rates:
heavy smokers and light smokers. Additionally, a second
subdivision was made according to the duration of smoking,
distinguishing between those with 2 to 3 years and those
with 4 to 6 years of smoking experience. The results indi-
cated significant differences in the levels of IL-12, PRL, and
HbA1c across all groups studied (p-value<0.05). Detailed
statistics, including median values, interquartile, and p-val-
ues of the study parameters between all the groups are pre-
sented in Table 1.

In the correlation results between study parameters
in the control group and secondhand smokers group, only
E2 and PRL showed a significant correlation with (p=0.000)
(Table 2, 3), while in the smoker’s group, BMI showed a sig-
nificant correlation with HbA1c, and E2 with PRL p=(0.032,
0.000) respectively (Table 4).
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Table 1. Median, interquartile, and p-values of the study parameters between all the groups

Metabolites Controls Secondhand smokers Smokers P-value
(Median, Min-Max) (Median, Min-Max) (Median, Min-Max)
BMI (1 9.252-'213.7) (20.212-'273.7) (20.252—;3.8) 0.920
12 (pg/mi) (21 7%77—23'20.9) (1 86?2—15620.5) (1 82?;)?2975.3) 0011
E2 (pg/ml) (68.993314.8) (98.17(1?.;6.9) (78.§3i728.9) 0.153
PRL (ng/mI) (9.52(3':7.3) (9.5:35—'272.1 ) (7.358;529.6) 0.015
HbATC % (4.3351.93) (4.5%—155.63) (5.3?).-92.23) 0.000

Note: *significant at the 0.05 level
BMI — body mass index; IL-12 — interleukin 12; E2 — estradiol; PRL — prolactin; HbA1c — glycated hemoglobin.

Table 2. Correlation results between study parameters in the control group

BMI IL-12 E2 PRL HbA1c
BMI Correlation Coefficient 1.000 0.150 0.192 0.194 0.118
Sig. (2-tailed) 0.430 0310 0.304 0.535
IL-12 Correlation Coefficient 0.150 1.000 0.044 0.127 0.118
Sig. (2-tailed) 0.430 0.818 0.505 0.535
E2 Correlation Coefficient 0.192 0.044 1.000 .862** 0.075
Sig. (2-tailed) 0.310 0.818 0.000 0.695
PRL Correlation Coefficient 0.194 0.127 .862** 1.000 0.037
Sig. (2-tailed) 0.304 0.505 0.000 0.846
HbA1c Correlation Coefficient 0.118 0.118 0.075 0.037 1.000
Sig. (2-tailed) 0.535 0.535 0.695 0.846

Note: **. Correlation is significant at the 0.01 level (2-tailed).
BMI — body mass index; IL-12 — interleukin 12; E2 — estradiol; PRL — prolactin; HbA1c — glycated hemoglobin.

Table 3. Correlation results between study parameters in secondhand smokers group

BMI IL-12 E2 PRL HbA1c
BMI Correlation Coefficient 1.000 0.123 -0.112 -0.170 -0.299
Sig. (2-tailed) 0.516 0.555 0.368 0.108
IL-12 Correlation Coefficient 0.123 1.000 0.266 0.246 -0.047
Sig. (2-tailed) 0.516 0.155 0.189 0.804
E2 Correlation Coefficient -0.112 0.266 1.000 971%* 0.042
Sig. (2-tailed) 0.555 0.155 0.000 0.824
PRL Correlation Coefficient -0.170 0.246 971%* 1.000 0.064
Sig. (2-tailed) 0.368 0.189 0.000 0.738
HbA1c Correlation Coefficient -0.299 -0.047 0.042 0.064 1.000
Sig. (2-tailed) 0.108 0.804 0.824 0.738

Note: **. Correlation is significant at the 0.01 level (2-tailed).
BMI — body mass index; IL-12 — interleukin 12; E2 — estradiol; PRL — prolactin; HbA1c — glycated hemoglobin.
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Table 4. Correlation results between study parameters in the smokers group

BMI IL-12 E2 PRL HbA1c
BMI Correlation Coefficient 1.000 -0.097 0.172 0.122 .392%
Sig. (2-tailed) 0.608 0.363 0.521 0.032
IL-12 Correlation Coefficient -0.097 1.000 0.032 0.123 -0.125
Sig. (2-tailed) 0.608 0.866 0.516 0.509
E2 Correlation Coefficient 0.172 0.032 1.000 .932** 0.181
Sig. (2-tailed) 0.363 0.866 0.000 0.338
PRL Correlation Coefficient 0.122 0.123 .932%* 1.000 0.154
Sig. (2-tailed) 0.521 0.516 0.000 0.417
HbA1c Correlation Coefficient .392*% -0.125 0.181 0.154 1.000
Sig. (2-tailed) 0.032 0.509 0.338 0417
Note: *. Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).
BMI — body mass index; IL-12 — interleukin 12; E2 — estradiol; PRL — prolactin; HbA1c — glycated hemoglobin.
Table 5. Median, interquartile, and P-values of the study parameters in the smokers group (heavy and light).
Metabolites Heavy smokers (Median, Min-Max) Light smokers (Median, Min-Max) P-value
BMI 21.4(20.3-23.2) 23.6 (21.0-24.0) 0.065
IL-12 222.0(183.7-297.6) 200.3 (173.1-255.8) 0.351
E2 84.2(77.7-93.2) 128.7 (84.6-149.2) 0.007
PRL 8.10 (6.50-8.60) 11.8(8.4-33.1) 0.014
HbA1c 6.2 (5.6-6.4) 5.5 (4.8-6.0) 0.006

Note: *significant at the 0.05 level. BMI — body mass index; IL-12 — interleukin 12; E2 — estradiol; PRL — prolactin; HbA1c — glycated hemoglobin.

Table 6. Median, interquartile, and P-values of the study parameters in the smokers group (> 4 and =4).

Metabolites < 4 (Median, Min-Max) =4 (Median, Min-Max) P-value
BMI 21.6 (20.3-23.9) 22.4 (20.9-23.7) 0.74
IL-12 238.7 (191.3-320.6) 192.8 (181.8-241.0) 0.141
E2 84.6 (78.1-98.7) 96.6 (78.2-140.4) 0.330
PRL 8.3(7.3-11.0) 9.1(7.1-37.9) 0.443
HbA1c 5.9 (5.5-6.3) 5.6 (5.1-6.2)

Note: *significant at the 0.05 level. BMI — body mass index; IL-12 — interleukin 12; E2 — estradiol; PRL — prolactin; HbA1c — glycated hemoglobin.

In the first division of the smoker subgroup, which cat-
egorized participants as heavy and light smokers, the lev-
els of E2, PRL, and HbA1c exhibited significant differences,
with p-values of 0.007, 0.014, and 0.006, respectively (see
Table 5). Conversely, in the second division, which was based
on the duration of smoking, no significant differences were
observed among the study parameters (refer to Table 6).

DISCUSSION

Despite that, the p-value for E2 levels in all of the study
groups showed non-significant differences (>0.05), but
the (Median=92.68) in the smokers group is lower than
the control and secondhand smokers groups (Table 1).
Cigarette smoke contains numerous harmful chemicals that
can disrupt endocrine function, potentially altering estro-
gen metabolism and production, and leading to lower E2
levels. While this study did not find significant differences
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in E2 levels, other research suggests that smoking can lead
to lower E2 levels [14], which may increase the risk of repro-
ductive issues, osteoporosis, cardiovascular diseases, and
other health problems. Smoking may accelerate the metab-
olism of estrogens in the liver. Enzymes induced by tobacco
constituents can lead to faster breakdown of hormones, po-
tentially lowering circulating levels [28].

The relationship between PRL and E2 is complex and
can be bidirectional, meaning that changes in one hor-
mone can influence the levels of the other (see the cor-
relation in Tables 2, 3, 4). As shown in (Table 1), PRL level
showed significant differences between all study groups
(P-value=0.015). PRL is lowered in the secondhand smokers
(Median=15.7) also, is diminished in the smokers females
group (Median=8.5) as in Table 1. The majority of addictive
substances that raise dopamine levels in the brain also act
to inhibit prolactin secretion. This includes cocaine [29], am-
phetamine [30] and methylphenidate [31, 32]. Some animal
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studies have demonstrated that the acute nicotine admin-
istration regardless of whether it is delivered intravenously
or intraperitoneally, consistently produces dose-dependent
increases in PRL levels. [33].

In 2010, Xue Y., et al. found that the average nicotine
cigarette smoking resulted in significant and prolonged
increases in PRL levels [11]. Contrary to that study, our re-
sults revealed that smoking correlates with PRL reduction
Table 1. Although this study focused on analysis PRL levels
as a continuous variable, categorizing participants based
on the presence of hyperprolactinemia could provide ad-
ditional insights into the effects of active and secondhand
smoking on this hormone. Analysis the frequency of hyper-
prolactinemia among different groups ia an important area
for future research, which may help in understansing the po-
tential clinical implications of smoking exposure.

In smokers, levels of pro-inflammatory cytokines, in-
cluding IL-12, T-cell, and specific regulators of Natural Killer
cell (NK-cell), are reduced. This decline may be attributed
to the immunosuppressive effect of smoking and an in-
creased risk of periodontitis [34]. Altering these cytokine lev-
els due to smoking could potentially impact clinical features
and treatment responses. Consequently, lower IL-12 levels
in female smokers could impair their immune responses,
making them more susceptible to infections and potential-
ly increasing their risk for autoimmune diseases and certain
cancers [35]. The results of our study showed a lower level
of IL-12 in smoking females compared to control and sec-
ondhand smoker individuals (p-value<0.05) Table 1.

Smokers with diabetes often encounter great difficulties
in managing insulin dosing and controlling the disease com-
pared to non-smokers [36]. Remarkably, the previous stud-
ies have shown that cigarette smokers have higher levels
of HbA1c and a 30-40% increased risk of developing type 2
diabetes compared to non-smokers [37, 38].

In 2018, Choi et. al. demonstrated that smoking is like-
ly associated with elevated HbA1c levels within the gen-
eral population [39]. Our findings further corroborate this,
revealing a significant increase in HbA1c levels among
both secondhand and active female smokers compared
to the control group (p=0.000) Table 1. These results indi-
cate that smoking has a substantial impact on HbA1c lev-
els, highlighting its potential role in impairing glycemic
control [40]. As the increased HbA1c levels among smokers
was observed in this study, it is important to consider that
smoking is associated with increased hemoglobin levels due
to chronic carbon monoxide exposure. Therefore, the ob-
served elevation in HbA1c may not solely reflect alterations
in carbohydrates metabolism but could also be influenced
by changes in total hemoglobin concentration. More studies
about both hemoglobin and HbA1c together are needed.

Smoking and diabetes risk are multifaceted. Smoking
has been shown to contribute to insulin resistance, primarily
through increased oxidative stress and systemic inflamma-
tion. Nicotine and other toxic compounds in the cigarette
can trigger the release of pro-inflammatory cytokines, in-
cluding IL-12 which may impair insulin signaling pathway.
Also, smoking is associated with hormonal imbalance, such
as altered PRL and E2 levels, which may further disrupts glu-
cose metabolism.

Chronic exposure to tobacco smoke has also been linked
to beta-cell-dysfunction, leading to impaired glucose secre-
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tion and increased HbA1c levels. Furthermore, smoking-in-
duced endothelial dysfunction and increased abdominal ad-
iposity may exacerbate metabolic disturbances, increasing
the risk of diabetes and its complications [41].

According to our study sub-group, between heavy and
light smokers females, the E2 concentrations show a signifi-
cant difference (p=0.007) and give the lowest levels in Heavy
smokers (Median=84.23) Table 5. Current smoking was
linked to an elevated WHR (waist-to-hip ratio), a risk factor
for increased inflammation, and a potentially metabolically
obese phenotype [42]. Additionally, smokers showed high-
er levels of androgens like testosterone and androstenedi-
one, which are linked to a heightened risk of breast cancer
and hyperandrogenism [43]. As previous studies findings,
in the body, testosterone can be converted into estradiol
through a process called aromatization. If testosterone lev-
els are excessively high, the body may not effectively con-
vert it to estradiol, or other mechanisms might lead to al-
tered production or metabolism [44].

Also, PRL shows significant differences between heavy
and light smokers (p=0.014), with lowest levels in heavy
smokers females (Median=8.1) Table 5. Estradiol gener-
ally stimulates the production of prolactin, while testos-
terone may have inhibitory effects on prolactin secretion.
Therefore, changes in E2 and testosterone can influence PRL
levels [45, 46].

While for HbA1c levels, there was a significant difference
between heavy and light smokers (p=0.006) Table 5. With
the highest level in Heavy smokers females (Median=6.2).
This resultaligned with Vlassopoulos et al., (2013), who found
that HbA1c was higher in smokers by 0.25 SDs (0.08%), and
0.38 SDs higher (0.14%) in heavy smokers than non-smokers
(p<0.001 both) [46]. See also [40-48].

According to the duration of smoking sub-group, No no-
table differences were observed among the study parame-
ters (Table 6), which means that varying durations of smok-
ing (e.g., short-term vs. long-term) did not lead to notable
changes in the outcomes being measured.

One important consideration is the influence of lifestyle
factors linked to smoking. Female smokers may have dif-
ferent diets, higher psychoactive substance use, or greater
abdominal obesity, which could affect PRL, E2, HbA1¢, and
IL-12 levels. As this study lacked detailed data on these fac-
tors, Future research should account for these confounders
to better isolate smoking’s effects.

Future research should focus on understanding the mech-
anisms through which smoking disrupts hormonal balance
and metabolic health in women, particularly regarding es-
tradiol, prolactin, and HbA1c levels. Longitudinal studies are
needed to assess the long-term effect of smoking on meta-
bolic disorders, such as the development of cardiovascular
diseases, and type 2 diabetes, with particular attention to im-
mune responses and hormonal changes that differ between
sexes. Additionally, examining how smoking cessation can
help revise these disruptions and evaluating smoking cessa-
tion programs that are tailored to the specific needs of each
gender, would provide valuable insights into improving
health outcomes for women. This research could help refine
strategies for early detection and intervention to mitigate
the adverse effects of smoking on women's health.
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CONCLUSION

Smoking has a profound adverse effect on public health
females, disrupts hormonal balance, leading to alterations
in E2 and PRL levels, which can impact reproductive health
and contributes to metabolic disturbances through inflam-
mation and insulin resistance, potentially increasing diabe-
tes development risk.

Also, smoking does decrease IL-12 levels, which can
impair immune responses and affect overall health.
Furthermore, our results revealed that smoking does in-
crease HbA1c levels. Persistently elevated HbA1c levels may
raise the risk of developing type 2 diabetes and its related
complications, including cardiovascular disease and other
metabolic disorders.

Significant differences in hormonal and metabolic mark-
ers between heavy and light female smokers were observed.
Heavy smokers had lower estradiol (E2) levels (p=0.007,
Median=84.23) and lower prolactin (PRL) levels (p=0.014,
Median=8.1), potentially due to elevated testosterone lev-
els that may inhibit PRL secretion. Additionally, significantly
higher in heavy smokers (p=0.006, Median=6.2), indicating
poorer glycemic control. These findings suggest that heavy
smoking adversely affects both metabolic health and hor-
monal balance in women.

This underscores the importance of addressing smok-
ing cessation as a critical component of improving over-
all health outcomes in women. Moreover, all smoking
women should undergo regular screenings for diabetes

to monitor their glycemic control and mitigate associated
health risks.
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