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Abstract: Background: Surrogate indexes of insulin resistance (IR) are less expensive than the
euglycemic glucose clamp. The simultaneous impact of sex and gender, smoking, and combined
oral contraceptives (COC) on IR surrogate indexes was studied in a cohort of healthy young men
and women (stratified in COC-free women and COC users). Methods: Glycemia, insulin, C-peptide,
TG, and HDL were measured in serum samples and used to calculate IGR, HOMA-IR-IR, QUICKI,
FIRI, METS-IR, TG, and MCAi. Results: Men had higher BMI, glycemia, TG, METS-IR, TyG, and
lower HDL than COC-free women and they had lower IGR and higher METS-IR and MCAi than
COC users. TG, HDL, and TyG were lower and MCAi is higher in COC-free women than in COC
users. In non-smokers, men had higher BMI and METS-IR and lower HDL than both cohorts of
women. COC-free women showed a lower TyG index than men and COC women and lower TG,
HDL, and IGR. MCAi was higher in COC-free women than in COC users. Smoking reduced sex
and gender differences: HDL was lower in men than COC users and IGR was lower in men than
COC-free women. Intra-sex differences were reported only in COC-free women: smokers had higher
insulin, C-peptide, TG, and IGR and lower MCAi than non-smokers. Cluster analysis evidenced a
significant separation between the sexes and smokers and non-smokers. Conclusions: Smoking leads
to changes in the phenotype of both men and women, as well as COC in women; they should be
considered independent variables in clinical studies given, representing a fundamental cornerstone
in the personalization of prevention and care.

Keywords: tobacco smoking; combined oral contraceptives; sex and gender differences; insulin
resistance; insulin resistance indexes; humans

1. Introduction

Over the past few decades, sex and gender differences have gained a high priority in
prevention and care [1,2]. Recent guidelines strongly suggest that sex and gender differ-
ences should be considered in preclinical and clinical research and clinical settings to avoid
the traditional male predominance, which leads to inappropriateness in women prevention
and care [2–4], including metabolic disorders such as glucose homeostasis [3]. Insulin
sensitivity is higher in adult women [3] and they are more protected from endothelial
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insulin resistance (IR), a precursor of IR induced by obesogenic diets [5]. In addition, there
is a female-specific risk of IR such as gestational diabetes. Premenopausal women have
a lower IR than men, while postmenopausal women are more prone to develop IR than
premenopausal women; interestingly, “women protection” can be restored by hormonal
replacement therapy [5,6], indicating that sexual hormones can play a role in IR.

IR is a complex condition characterized by beta cell dysfunction, excessive insulin secre-
tion, and impaired glucose tolerance and is associated with the so-called Western lifestyle [7].
IR is linked with chronic low-grade inflammation and is a risk factor for diabetes mellitus type
2, cardiovascular diseases (CVD), chronic kidney disease, Alzheimer’s disease, and cancer [7],
and its early diagnosis could reduce the risk of several chronic diseases.

The gold standard for IR diagnosis is the euglycemic glucose clamp technique, which
is expensive, time-consuming, and not easily accessible [8]. Therefore, surrogate in-
dexes such as the insulin/glucose ratio (IGR), homeostasis model assessment (HOMA-IR)
(glycemia mmol/L × insulin µU/mL)/22.5), quantitative insulin sensitivity check index
(QUICKI)(1/(ln(insulin µU/mL) + ln(glycemia mg/dL), fasting insulin resistance index
(FIRI) (glycemia mmol/L x insulin µU/mL/25), the metabolic score for insulin resistance
(METS-IR) (Ln((2 × glycemia mg/dL) + triglycerides (mg/dL)×BMI)/(Ln(HDL mg/dL),
triglyceride-glucose index (TyG) (ln [triglycerides mg/dL × glycemia mg/dL]/2), and
Mcauley index (MCAi: exp [2.63−0.28× ln(insulin µU/mL) −0.31 × Ln triglycerides
mg/dL) were developed [8]. In particular, IGR, HOMA-IR, FIRI, TyG, and METS-IR
measure IR, whereas QUICKI and MCAi measure insulin sensitivity [9,10].

IR risk factors are numerous and include smoking, sex, and gender. Smoking, di-
rectly and indirectly, induces IR in a dose-dependent way [11] that is affected by sex and
gender [12,13]. In real life, smoking can modify male and female phenotypes although
the consequences of this variation probably occur differently in men and women [14,15].
As already mentioned, IR in women is affected by exogenous and endogenous sex hor-
mones [5,6], and numerous interactions are described between combined oral contracep-
tives (COC) and smoking [14,15], including a major thrombotic risk [16]. Therefore, the
present study aimed to investigate the simultaneous impact of sex, gender, and smoking
on surrogate indexes of IR in a cohort of healthy young men and women. Furthermore,
the female cohort is further stratified in COC-free women and COC users to analyze the
impact on IR of the combination of COC and smoking.

2. Materials and Methods
2.1. Study Design and Participants

The study was approved by the Ethical Committee (prot. PG/2019/6280). All proce-
dures were conducted following the Helsinki Declaration.

During a voluntary blood donation, this observational study consecutively enrolled
men and women (women have regular menstrual cycles of 28 days) and women taking
COC. Individuals (aged between 18 and 40 years) were healthy and non-obese (no kidney,
liver, heart, endocrine, or infectious diseases in the previous 2 months) and not exposed to
chronic therapies, with the only exception of COC. Sampling in women was carried out
during the follicular phase of the menstrual cycle (1–10 days). The cohorts were stratified
based on smoking habits, with smokers (22 men, 24 women, and 13 COC users) defined
as subjects who smoked at least one cigarette per day during the enrollment period, as
evidence indicates that even a few cigarettes per day for short periods are associated with
IR [17]. The COCs used by the volunteers consisted of ethinyl estradiol (with a prevalence of
20 µg dose) and gestodene, drosperinone, desogestrel, levonorgestrel, and chlormadinone
as progestins (with a prevalence of 3 mg dose).

2.2. Laboratory Examinations

Standard laboratory assays were used to assess glycemia (glucose oxidase technique
on an automated analyzer), insulin (CLIA assay, LIAISON Insulin kit; DiaSorin, Saluggia
(VC), Italy), C-peptide (CLIA assay, LIAISON C-peptide kit; DiaSorin, Saluggia (VC), Italy),
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triglycerides (TG), and HDL in serum. These values were then used to derive the following
insulin-related indexes: IGR (U/mol), HOMA-IR-IR, QUICKI, FIRI, METS-IR, TG, and MCAi.

2.3. Statistical Analysis

Data were described using the mean and standard deviation (SD) or median and
interquartile range (IQR) and absolute and relative (percentage) frequency for quantitative
and qualitative variables, respectively.

Spearman’s correlation coefficients were calculated to assess the relationship between
BMI and collected variables.

A hierarchical cluster analysis using Gower distance (mixed variables) was performed
to identify homogeneous groups/clusters.

Differences in qualitative variables were evaluated by Pearson Chi or Fisher exact
tests. Whereas, for quantitative variables (2 groups) unpaired Student t or Mann–Whitney
tests were used. For other comparisons (3 groups) one-way ANOVA or Kruskal–Wallis
tests were applied. Bonferroni correction for multiple testing was performed. A two-tailed
p-value less than 0.05 was considered significant. Statistical analyses were carried out using
STATA®17 (StataCorp, College Station, TX, USA).

3. Results
3.1. Cohorts Before Smoking Stratification

A total of 167 healthy subjects (55 men, 56 COC-free women, and 56 COC women)
were enrolled. The mean age of the three non-obese cohorts (men, COC-free, and COC
women) was similar (Table 1). Fasting glucose, fasting insulin, TG, HOMA-IR, QUICKI,
FIRI, MCAi, and TyG were normal (Table 1) [18–21].

Men had higher body mass index (BMI), glycemia, TG, METS-IR, TyG, and lower HDL
than COC-free women; when compared with COC-users, men had lower IGR and higher
METS-IR and MCAi. COC-free women showed lower levels of TG, HDL, and TyG and
higher MCAi in comparison with COC users (Table 1).

Table 1. The characteristics of the cohorts before stratification for smoking.

Variables Men
(n = 55)

COC-Free
Women
(n= 56)

COC Women
(n= 56) p-Value

Smoke, n (%) 22 (40.0) 24 (42.9) 13 (23.6) 0.08
Age (years) 27.5 (4.3) 27.6 (4.8) 27.5 (3.9) 0.97
BMI (kg/m2) 23.5 (2.8) * 22.1 (4.4) 21.4 (2.3) 0.003
Glycemia (mg/dL) 81.4 (10.1) * 76.4 (11.4) 77.2 (8.4) 0.02
Insulin (µU/mL) 5.8 (3.9–8.4) 5.9 (4.2–8.3) 7.1 (5.4–8.6) 0.09
C-peptide (ng/mL) 1.6 (1.3–2.0) 1.6 (1.4–2.0) 1.7 (1.4–2.3) 0.63
TG (md/dL) 73 (58–103) * 67.5 (56–79.5) ˆ 89 (68–122) 0.0004
HDL (mg/dL) 50 (44–59) * 61.0 (51.5–66.0) ˆ 70 (62–79) <0.0001
IGR (U/mol) 1.3 (0.9–1.72) ◦ 1.3 (1.0–1.9) 1.7 (1.3–2.0) 0.02
HOMA-IR 1.2 (0.8–1.6) 1.1 (0.8–1.5) 1.4 (0.9–1.7) 0.22
QUICKI 0.38 (0.03) 0.38 (0.03) 0.37 (0.03) 0.14
FIRI 1.1 (0.7–1.4) 1.0 (0.7–1.3) 1.2 (0.8–1.5) 0.22
METS-IR 32.4 (5.6) *,◦ 27.1 (6.0) 26.8 (3.4) <0.0001
TyG 4.38 (0.2) * 4.27 (0.2) ˆ 4.42 (0.2) 0.0007
MCAi 6.2 (0.6) ◦ 6.3 (0.5) ˆ 5.9 (0.4) 0.0007

Data are expressed as mean (SD) or as medians (IQR). Post-hoc comparison: * statistically significant differ-
ence between men and COC-free women; ◦ statistically significant difference between men and COC women;
ˆ statistically significant difference between COC-free and COC women.

In men, BMI showed a positive correlation with age, insulin, C-peptide, TG, IGR, HOMA-
IR, FIRI, TyG; conversely, a negative correlation for QUICKI and MCAi was observed (Table 2).
In COC-free women, BMI did not correlate with any of the studied parameters. Whereas, in
women who used COC, BMI was positively correlated with insulin, IGR, HOMA-IR, and FIRI,
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while QUICKI was negatively correlated with BMI. These results indicated that COC users
had more similarities with men than with COC-free women.

Table 2. Spearman correlation coefficient between BMI and collected variables in the three cohorts
before smoking stratification.

BMI Men
(n = 55)

COC-Free Women
(n = 56)

COC Women
(n = 56)

Age 0.36 (0.01) −0.10 (0.48) −0.09 (0.52)
Glycemia (mg/dL) 0.23 (0.09) −0.11 (0.41) −0.02 (0.92)
Insulin (µU/mL) 0.37 (0.01) 0.07 (0.64) 0.39 (0.003)
C-peptide (ng/mL) 0.30 (0.03) −0.08 (0.60) 0.24 (0.11)
TG (md/dL) 0.28 (0.04) −0.10 (0.47) −0.15 (0.26)
HDL (mg/dL) −0.06 (0.67) −0.05 (0.72) −0.12 (0.38)
IGR (U/mol) 0.33 (0.01) 0.11 (0.41) 0.37 (0.005)
HOMA-IR 0.40 (0.003) 0.02 (0.89) 0.33 (0.01)
QUICKI −0.40 (0.003) 0.01 (0.94) −0.33 (0.01)
FIRI 0.40 (0.003) 0.02 (0.91) 0.33 (0.01)
TyG 0.33 (0.01) −0.21 (0.12) −0.17 (0.22)
MCAi −0.44 (0.001) 0.02 (0.89) −0.12 (0.37)

3.2. Smoking Stratification: Differences Between Non-Smokers and Smokers

Non-smoker men had higher BMI and METS-IR and lower HDL in comparison with
both cohorts of non-smoker women (Table 3). COC-free women showed a lower TyG index
than men and COC women. Moreover, significantly lower levels of TG, HDL, IGR, and
higher MCAi were observed in COC-free women in comparison with COC users (Table 3).

Smoking stratification reduced sexually divergent parameters. However, HDL was
significantly lower in smoking men than in COC users, whereas IGR was lower in men
than in COC-free women (Table 3).

Table 3. Statistically significant sex differences following stratification by smoking.

Variables

Non-Smokers Smokers

Men
(n = 33)

COC Free Women
(n = 32)

COC
Women(n = 42) p-Value Men

(n = 22)

COC Free
Women
(n = 24)

COC Women
(n = 13) p-Value

BMI (kg/m2) 23.8 (2.4) *,◦ 22.4 (4.8) 21.1 (2.1) 0.003 23.2 (3.3) 21.7 (3.9) 22.2 (2.9) 0.36
TG (md/dL) 75 (58–103) 63.5 (50.5–72.5) ˆ 84 (70–122) 0.0005 72.5 (58–102) 73 (62.5–90) 95 (68–114) 0.31
HDL (mg/dL) 50.3 (11.6) *,◦ 60.9 (10.0) ˆ 71.4 (14.9) <0.0001 51 (45–62) ◦ 58.5 (51.0–66.5) 69 (61–75) 0.02
IGR (U/mol) 1.4 (1.1–1.9) 1.2 (0.9–1.8) ˆ 1.7 (1.3–2.1) 0.02 1.1 (0.9–1.5) * 1.6 (1.1–2.5) 1.6 (1.2–1.7) 0.01
METS-IR 32.8 (31.0–35.2) *,◦ 26.9 (25.4–32.9) 26.7 (25.1–29.7) 0.0001 31.1 (28.7–35.0) 27.7 (24.6–31.4) 30.2 (26.0–31.8) 0.10
TyG 4.4 (0.2) * 4.2 (0.2) ˆ 4.4 (0.2) 0.0009 4.4 (0.3) 4.3 (0.2) 4.4 (0.2) 0.25
MCAi 6.2 (0.5) 6.5 (0.5) ˆ 6.0 (0.4) 0.0001 6.3 (0.6) 6.1 (0.4) 6.0 (0.4) 0.15

Data are expressed as mean (SD) or as medians (IQR). Post-hoc comparison: * statistically significant differ-
ence between men and COC-free women; ◦ statistically significant difference between men and COC women;
ˆ statistically significant difference between COC-free and COC women.

Insulin-IGR, insulin-HOMA-IR, insulin-FIRI, TG-TyG, IGR-HOMA-IR, IGR-FIRI, and
HOMA-IR-FIRI were positively related between them while insulin-QUICKI, IGR-QUICKI,
HOMA-IR-QUICKI, and QUICKI-FIRI were positively related between them (Figures 1–3).
Moreover, a positive correlation between QUICKI-MCAi and a negative one between insulin-
MCAi, HOMA-IR-MCAi, and FIRI-MCAi were found except for COC women who smoke
(Figures 1–3).
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Furthermore, positive correlations were measured between glycemia-HOMA-IR and
glycemia-FIRI and negative ones between glycemia-QUICKI and METS-IR-MCAi only in
smoker men (Figure 1A). The relationship between insulin-C-peptide and C-peptide-IGR
(positive), and C-peptide-MCAi and IGR-MCAi (negative) was detected only in non-smoker
men (Figure 1B).

Finally, non-smoker COC-free women differed from smoker COC-free women in three
negative correlations, TG-MCAi, IGR-MCAi, and TyG-MCAi, which were absent in smoker
COC-free women (Figure 2A,B).
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Interestingly, 14 more correlations were described only in non-smoker COC women
(Figure 3B): 5 were positive correlations (insulin-C-peptide, C-peptide-IGR, C-peptide-
HOMA-IR, C-peptide-FIRI, and QUICKI-MCAi) and 9 were negative correlations (glycemia-
QUICKI, insulin-MCAi, C-peptide-QUICKI, TG-MCAi, HDL-METS-IR, IGR-MCAi, HOMA-
IR-MCAi, FIRI-MCAi, and TyG-MCAi).
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3.3. Intrasex Differences

In men and COC users, none of the analyzed parameters was significantly different
between smokers and non-smokers (Table 4).
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Table 4. Intrasex analysis in men and COC women.

Variables

Men COC Women

Non-Smoker
(n = 33)

Smoker
(n = 22) p-Value Non-Smoker

(n = 43)
Smoker
(n = 13) p-Value

Age (years) 27.9 (3.8) 26.9 (5.0) 0.41 27 (25–30) 27 (24–30) 0.87
BMI (kg/m2) 23.8 (2.4) 23.2 (3.3) 0.46 21.1 (2.1) 22.2 (2.9) 0.16
Glycemia (mgd/L) 82.0 (9.7) 80.6 (10.8) 0.62 76.5 (9.1) 79.2 (5.2) 0.32
Insulin (uU/mL) 6.7(4.9–8.8) 5.5 (3.4–6.8) 0.10 7.1 (5.4–9.1) 7.5 (4.5–7.8) 0.85
C-peptide (ng/mL) 1.7 (0.5) 1.7 (0.5) 0.97 1.7 (1.4–2.3) 1.5 (1.3–2.9) 0.87
TG (md/dL) 75 (58–103) 72.5 (58–102) 0.74 85.5 (70–122) 95 (68–114) 0.89
HDL (mg/dL) 50 (42.5–57.5) 51 (45–62) 0.43 71.5 (14.8) 67.2 (11.7) 0.33
IGR (U/mol) 1.4 (1.1–1.9) 1.1 (0.9–1.5) 0.10 1.7 (1.3–2.1) 1.6 (1.2–1.7) 0.45
HOMA-IR 1.2 (0.9–1.7) 1.1 (0.7–1.4) 0.13 1.3 (0.9–1.7) 1.5 (0.8–1.7) 0.74
QUICKI 0.37 (0.03) 0.39 (0.04) 0.11 0.37 (0.03) 0.37 (0.03) 0.73
FIRI 1.1 (0.8–1.6) 1.0 (0.6–1.3) 0.13 1.2 (0.8–1.5) 1.3 (0.7–1.5) 0.73
METS-IR 32.8 (31.0–35.2) 31.1 (28.7–35.0) 0.17 27.4 (3.2) 29.3 (3.6) 0.09
TyG 4.4 (0.2) 4.4 (0.3) 0.61 4.4 (0.2) 4.5 (0.2) 0.67
MCAi 6.2 (0.5) 6.3 (0.06) 0.47 6.0 (0.4) 6.0 (0.5) 0.97

Data are expressed by mean (SD) or median (IQR).

COC-free women who smoke had higher insulin, C-peptide, TG, and IGR and lower
MCAi than non-smokers (Table 5).

Table 5. Intrasex analysis in COC-free women.

Variables Non-Smoker
(n = 32)

Smoker
(n= 24) p-Value

Age (years) 28.2 (5.0) 27 (4.4) 0.36
BMI (kg/m2) 22.4 (4.8) 21.7 (3.9) 0.56
Glycemia (mg/dL) 77.9 (9.8) 74.4 (13.2) 0.27
Insulin (µU/mL) 4.7 (3.9–7.7) 6.4 (4.8–9.6) 0.04
C-peptide (ng/mL) 1.4 (1.2–1.6) 2 (1.7–2) 0.0001
TG (md/dL) 63.5 (50.5–72.5) 73 (62.5–90) 0.03
HDL (mg/dL) 60.9 (9.9) 60.0 (11.7) 0.77
IGR (U/mol) 1.2 (0.9–1.8) 1.6 (1.1–2.5) 0.03
HOMA-IR 1.0 (0.7–1.4) 1.2 (0.9–1.6) 0.08
QUICKI 0.39 (0.03) 0.37 (0.03) 0.07
FIRI 0.89 (0.6–1.2) 1.10 (0.8–1.5) 0.08
METS-IR 26.9 (25.5–32.9) 27.7 (24.6–31.4) 0.92
TyG 4.3 (0.2) 4.3 (0.2) 0.16
MCAi 6.5 (0.5) 6.1 (0.4) 0.003

Data are expressed by mean (SD) or median (IQR).

3.4. Cluster Analysis

Three main clusters were found (Table 6 and Supplementary Figure S1), with signifi-
cant separation between sexes and between smokers and non-smokers. Cluster 1 included
only non-smokers and they were equally distributed in the three cohorts (Table 6). Cluster
2 included mostly COC women (87.5%) and Cluster 3 included only smokers, with a lower
% of COC users (16.3%). In addition, cluster 1 is characterized by lower C-peptide, TG, and
higher MCAi in comparison with clusters 2 and 3. BMI, METS-IR, and QUICKI were higher
in cluster 1 than in cluster 2; whereas insulin, HDL, IGR, HOMA-IR, FIRI, and TyG were
lower than in cluster 2. HDL and IGR were higher in Cluster 2 than in Cluster 3, whereas
METS-IR and MCAi were lower in Cluster 2 than in Cluster 3.
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Table 6. Cluster analysis.

Variables Cluster 1
(n = 57)

Cluster 2
(n = 40)

Cluster 3
(n = 49) p-Value

Smoke, n (%) 0 (0.0) 3 (7.5) 49 (100.0) <0.0001
Females, n (%) 29 (50.9) 36 (90.0) 29 (59.2) <0.0001

Groups, n (%)
COC free women 28 (49.1) 1 (2.5) 21 (42.9)

<0.0001Men 28 (49.1) 4 (10.0) 20 (40.8)
Women COC 1 (1.8) 35 (87.5) 8 (16.3)

Age 28.1 (4.4) 27.9 (3.9) 26.7 (4.6) 0.21
BMI 23.1 (3.8) * 21.3 (2.6) 22.6 (3.7) 0.04
Glycemia (mgd/L) 79.9 (8.8) 79.0 (9.6) 78.0 (11.0) 0.62
Insulin (uU/mL) 5.6 (3.9–7.4) * 7.7 (5.5–12.5) 6.1 (4.5–8.2) 0.004
C-peptide (ng/mL) 1.5 (1.2–1.8) *,◦ 1.9 (1.5–2.3) 1.8 (1.5–2) 0.001
TG (md/dL) 62 (51–79) *,◦ 85.5 (74–130) 74 (64–101) 0.0001
HDL (mg/dL) 55.8 (12.1) * 69.2 (16.0) ˆ 60.1 (14.1) <0.0001
IGR (U/mol) 1.3 (1.0–1.8) * 1.8 (1.3–2.6) ˆ 1.4 (1.0–1.8) 0.0006
HOMA-IR 1.1 (0.8–1.6) * 1.4 (1.0–2.6) 1.2 (0.8–1.5) 0.01
QUICKI 0.38 (0.03) * 0.36 (0.03) 0.38 (0.03) 0.002
FIRI 1.0 (0.7–1.4) * 1.3 (0.9–2.3) 1.1 (0.7–1.4) 0.01
METS-IR 31.6 (27.0–33.4) * 26.8 (25.0–29.9) ˆ 29.89 (26.6–34.2) 0.005
TyG 4.3 (0.2) * 4.5 (0.2) 4.4 (0.2) 0.0003
MCAi 6.4 (0.4) *,◦ 5.8 (0.9) ˆ 6.2 (0.5) <0.0001

Data are expressed as a percentage (%), mean (SD), or median (IQR). Post-hoc comparison: * statistically significant
difference between Cluster 1 and Cluster 2; ◦ between Cluster 1 and Cluster 3; and ˆ between Cluster 2 and
Cluster 3.

4. Discussion

Tobacco smoking, consumed by millions of persons worldwide [22], can affect several
physiological pathways including glucose homeostasis [11]. Previously, it was shown that
non-obese healthy young adult women and men have similar insulin sensitivity, but COC
use elevates IR associated with abnormal fatty acid metabolism [23,24].

Few research reports some data on the effects of COC [25–27] and sex [28–30] on the
M-index measured with a hyperinsulinemic-euglycemic clamp or glucose tolerance tests.
Greater attention has been given to investigating the effect of smoking on the M-index [31–33].
However, most of these studies involved subjects with various pathologies, such as PCOS,
obesity, or T1D. One study [34] did report a higher M-value in apparently healthy Asian
women compared to men (with an age range of 21–65 years).

However, to the best of our knowledge, the effects of the combination of tobacco and
COC use [35] on surrogate indexes of IR were unknown.

Before smoking stratification, our data show that fasting insulin, C-peptide, HOMA-IR,
QUICKI, and FIRI do not diverge in COC-users versus COC-free women while HDL, TG,
and TyG are higher and MCAi is lower in COC-users than in COC-free women. Thus,
COC can affect the female phenotype. Fasting glycemia, BMI, TG, and METS-IR are higher
and HDL is lower in men than in COC-free-women, while IGR is lower and MCAi and
METS-IR are higher in men than in COC-users. Notably, the variability of MCAi and TyG
are relevant, being a predictive and prognostic biomarker for cardiovascular morbidity
and mortality [36,37] and a predictor of diabetes and CVD in healthy and hypertensive
individuals associated with arterial stiffness, respectively [38]. Moreover, higher levels of
METS-IR are predictive of future ischemic heart disease [39].

IR is higher in men than in COC-free women as proved by several indexes [40]. A
previous study did not find a relationship between HOMA-IR and IGR with sex and
gender [41], whereas another study showed higher HOMA-IR in Spanish men than in
women aged 20–90 years [42]. No sex or gender differences were found in METS-IR in
subjects aged >65 years [43], whereas a direct correlation between METS-IR and the risk of
prediabetes was described in Chinese men and women with normal blood glucose, with a
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stronger correlation in women [44]. Some studies reported a relationship between the COC
and IR indexes, with COC affecting carbohydrate metabolism [45].

Looking at BMI, it is not correlated with parameters in COC-free women but is
positively correlated with insulin, HOMA-IR, FIRI, and IGR and negatively with QUICKI
in COC-users, suggesting their sensitivity to the hormonal milieu.

Smoking stratification reduces the differences between men and women. In particu-
lar, HDL is higher in COC smokers than in men and IGR is higher in smokers COC-free
women than men. Interestingly, in COC-free women, smoking causes a significant increase
in basal insulin secretion (insulin and C-peptide significantly higher) with a simultaneous
non-significant increase in HOMA-IR, a significant increase in IGR, and a decrease in MCAi,
as if smoking induces an increase in IR, supported by an increased insulin secretion. This
could occur in insulin secretion deficiency (typical of the female sex), increasing the risk of
type 2 diabetes. This aspect is not observed in men and COC users. It is therefore clear that
there is a need for more monitoring of this specific population (COC-free women), which is
often not enrolled in clinical trials, in which the use of a contraceptive is notoriously required.

Conflicting results on tobacco smoking and IR have been published: some authors did
not find a significant relationship in healthy individuals [46] while Gupta et al. reported
a higher HOMA-IR in male smokers aged 18–40 years [17]. Finally, others showed that
cigarette smoking is associated with an increased METS-IR, especially among individuals
aged <70 years [47].

A similar effect of smoking and COC use was found when inflammatory and atheroscle-
rotic indexes were evaluated [14,15]. In both cases, tobacco smoke reduced the differences
observed in men and women and highlighted the differences between COC users and
COC-free women. In this study, the cluster analysis has more clearly shown the interaction
between smoking and COC use.

Interestingly, in our cohort, COC users had more similarities with men than with
COC-free women, indicating the need to study them separately. The combination of COC
and smoking requires more monitoring because it increases diabetes and cardiovascular
risk through several pathophysiological mechanisms (inflammation, atherosclerosis, IR), as
well as the thrombotic risk already extensively described in the past [16].

Given the large use of tobacco and COC [22,35], their combination could be a public
health problem.

In conclusion, although larger studies are necessary to conclude this topic, the study
evidenced that smoking can be associated with changes in the phenotype of both healthy
men and women; interestingly, women’s phenotype is modified by the use of COC.

Therefore, smoking and the use of COC should be considered two independent
variables in clinical studies given their effects on phenotype. This is fundamental to arrive
at a personalization of prevention and care.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/diabetology5070050/s1: Figure S1. Dendrogram illustrating hier-
archical cluster analysis of 146 patients using Gower distance, with three distinct clusters represented
by different colors (blue, green, and yellow).

Author Contributions: G.T.: samples collection and laboratory examinations, manuscript writing,
review, and editing; A.M.: manuscript review and editing; M.V.P., G.S. (Giovanni Sotgiu), and
N.M.: statistical analysis, manuscript review and editing; S.C.: samples collection; M.P.: manuscript
review and editing; G.S. (Giuseppe Seghieri): manuscript review and editing; F.F.: Investigation,
manuscript review and editing; I.C.: Conceptualization, investigation, validation, writing original
draft, and editing. All authors have read and agreed to the published version of the manuscript.

Funding: This research was partly funded by Fondazione di Sardegna through the grant “Bando
competitivo Fondazione di Sardegna—2017” and with the support of SIMDO (Societa’ Italiana
Metabolismo Diabete E Obesita’).

https://www.mdpi.com/article/10.3390/diabetology5070050/s1
https://www.mdpi.com/article/10.3390/diabetology5070050/s1


Diabetology 2024, 5 687

Institutional Review Board Statement: The study was approved by the Ethical Committee of AOU
Cagliari (prot. PG/2019/6280) and informed consent was obtained from all subjects. All methods
were carried out according to relevant guidelines and regulations.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data will be made available on request.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Zucker, I.; Prendergast, B.J.; Beery, A.K. Pervasive Neglect of Sex Differences in Biomedical Research. Cold Spring Harb. Perspect.

Biol. 2022, 14, a039156. [CrossRef] [PubMed]
2. Campesi, I.; Montella, A.; Seghieri, G.; Franconi, F. The Person’s Care Requires a Sex and Gender Approach. J. Clin. Med. 2021, 10, 4470.

[CrossRef] [PubMed]
3. Tramunt, B.; Smati, S.; Grandgeorge, N.; Lenfant, F.; Arnal, J.F.; Montagner, A.; Gourdy, P. Sex Differences in Metabolic Regulation

and Diabetes Susceptibility. Diabetologia 2020, 63, 453–461. [CrossRef] [PubMed]
4. Campesi, I.; Seghieri, G.; Franconi, F. Type 2 Diabetic Women Are Not Small Type 2 Diabetic Men: Sex-and-Gender Differences in

Antidiabetic Drugs. Curr. Opin. Pharmacol. 2021, 60, 40–45. [CrossRef] [PubMed]
5. De Paoli, M.; Zakharia, A.; Werstuck, G.H. The Role of Estrogen in Insulin Resistance: A Review of Clinical and Preclinical Data.

Am. J. Pathol. 2021, 191, 1490–1498. [CrossRef]
6. Legro, R.S. Insulin Resistance in Women’s Health: Why It Matters and How to Identify It. Curr. Opin. Obstet. Gynecol. 2009, 21, 301–305.

[CrossRef]
7. Kosmas, C.E.; Bousvarou, M.D.; Kostara, C.E.; Papakonstantinou, E.J.; Salamou, E.; Guzman, E. Insulin Resistance and Cardiovas-

cular Disease. J. Int. Med. Res. 2023, 51, 3000605231164548. [CrossRef]
8. Singh, B.; Saxena, A. Surrogate Markers of Insulin Resistance: A Review. World J. Diabetes 2010, 1, 36. [CrossRef]
9. Endukuru, C.K.; Gaur, G.S.; Yerrabelli, D.; Sahoo, J.; Vairappan, B. Cut-off Values and Clinical Utility of Surrogate Markers for

Insulin Resistance and Beta-Cell Function to Identify Metabolic Syndrome and Its Components among Southern Indian Adults. J.
Obes. Metab. Syndr. 2020, 29, 281–291. [CrossRef]

10. Mcauley, K.A.; Williams, S.M.; Mann, J.I.; Walker, R.J.; Lewis-Barned, N.J.; Temple, L.A.; Duncan, A.W. Diagnosing Insulin
Resistance in the General Population. Diabetes Care 2001, 24, 460–464. [CrossRef]

11. Artese, A.; Stamford, B.A.; Moffatt, R.J. Cigarette Smoking: An Accessory to the Development of Insulin Resistance. Am. J.
Lifestyle Med. 2017, 13, 602–605. [CrossRef] [PubMed]

12. Seghieri, G.; Policardo, L.; Anichini, R.; Franconi, F.; Campesi, I.; Cherchi, S.; Tonolo, G. The Effect of Sex and Gender on Diabetic
Complications. Curr. Diabetes Rev. 2017, 13, 148–160. [CrossRef] [PubMed]

13. Vasiljevic, Z.; Scarpone, M.; Bergami, M.; Yoon, J.; van der Schaar, M.; Krljanac, G.; Asanin, M.; Davidovic, G.; Simovic, S.;
Manfrini, O.; et al. Smoking and Sex Differences in First Manifestation of Cardiovascular Disease. Atherosclerosis 2021, 330, 43–51.
[CrossRef] [PubMed]

14. Campesi, I.; Montella, A.; Sotgiu, G.; Saderi, L.; Tonolo, G.; Seghieri, G.; Franconi, F. Smoking and Combined Oral Contraceptives
Should Be Considered as an Independent Variable in Sex and Gender-Oriented Studies. Toxicol. Appl. Pharmacol. 2022, 457, 116321.
[CrossRef]

15. Campesi, I.; Montella, A.; Sotgiu, G.; Dore, S.; Carru, C.; Zinellu, A.; Palermo, M.; Franconi, F. Combined Oral Contraceptives
Modify the Effect of Smoking on Inflammatory Cellular Indexes and Endothelial Function in Healthy Subjects. Eur. J. Pharmacol.
2021, 891, 173762. [CrossRef]

16. Lidegaard, Ø.; Løkkegaard, E.; Svendsen, A.L.; Agger, C. Hormonal Contraception and Risk of Venous Thromboembolism:
National Follow-up Study. BMJ 2009, 339, 557–560. [CrossRef]

17. Gupta, V.; Tiwari, S.; Agarwal, C.G.; Shukla, P.; Chandra, H.; Sharma, P. Effect of Short-Term Cigarette Smoking on Insulin
Resistance and Lipid Profile in Asymptomatic Adults. Indian. J. Physiol. Pharmacol. 2006, 50, 285–290.

18. Gutch, M.; Kumar, S.; Razi, S.M.; Gupta, K.; Gupta, A. Assessment of Insulin Sensitivity/Resistance. Indian. J. Endocrinol. Metab.
2015, 19, 160–164. [CrossRef]

19. Hosseini, S.M. Triglyceride-Glucose Index Simulation. J. Clin. Basic Res. 2017, 1, 11–16. [CrossRef]
20. Kaur, N.; Garg, R.; Tapasvi, C.; Chawla, S.; Kaur, N. Correlation of Surrogate Markers of Insulin Resistance with Fasting Insulin in

Type 2 Diabetes Mellitus Patients: A Study of Malwa Population in Punjab, India. J. Lab. Physicians 2021, 13, 238–244. [CrossRef]
21. Leone, A.; De Amicis, R.; Bertoli, S.; Spadafranca, A.; De Carlo, G.; Battezzati, A. Absence of a Sexual Dimorphism in Postprandial

Glucose Metabolism after Administration of a Balanced Mixed Meal in Healthy Young Volunteers. Nutr. Diabetes 2022, 12, 6.
[CrossRef] [PubMed]

22. World Health Organisation. Global Health Observatory (GHO) Data. Prevalence of Tobacco Smoking. Available online:
http://www.who.int/gho/tobacco/use/en/ (accessed on 28 August 2024).

https://doi.org/10.1101/cshperspect.a039156
https://www.ncbi.nlm.nih.gov/pubmed/34649925
https://doi.org/10.3390/jcm10204770
https://www.ncbi.nlm.nih.gov/pubmed/34682891
https://doi.org/10.1007/s00125-019-05040-3
https://www.ncbi.nlm.nih.gov/pubmed/31754750
https://doi.org/10.1016/j.coph.2021.06.007
https://www.ncbi.nlm.nih.gov/pubmed/34325380
https://doi.org/10.1016/j.ajpath.2021.05.011
https://doi.org/10.1097/GCO.0b013e32832e07d5
https://doi.org/10.1177/03000605231164548
https://doi.org/10.4239/wjd.v1.i2.36
https://doi.org/10.7570/jomes20071
https://doi.org/10.2337/diacare.24.3.460
https://doi.org/10.1177/1559827617726516
https://www.ncbi.nlm.nih.gov/pubmed/31662726
https://doi.org/10.2174/1573399812666160517115756
https://www.ncbi.nlm.nih.gov/pubmed/27183843
https://doi.org/10.1016/j.atherosclerosis.2021.06.909
https://www.ncbi.nlm.nih.gov/pubmed/34233252
https://doi.org/10.1016/j.taap.2022.116321
https://doi.org/10.1016/j.ejphar.2020.173762
https://doi.org/10.1136/bmj.b2890
https://doi.org/10.4103/2230-8210.146874
https://doi.org/10.18869/acadpub.jcbr.1.1.11
https://doi.org/10.1055/s-0041-1730884
https://doi.org/10.1038/s41387-022-00184-5
https://www.ncbi.nlm.nih.gov/pubmed/35105852
http://www.who.int/gho/tobacco/use/en/


Diabetology 2024, 5 688

23. Perseghin, G.; Scifo, P.; Pagliato, E.; Battezzati, A.; Benedini, S.; Soldini, L.; Testolin, G.; Del Maschio, A.; Luzi, L. Gender Factors
Affect Fatty Acids-Induced Insulin Resistance in Nonobese Humans: Effects of Oral Steroidal Contraception. J. Clin. Endocrinol.
Metab. 2001, 86, 3188–3196. [CrossRef] [PubMed]

24. Spellacy, W.N.; Carlson, K.L. Plasma Insulin and Blood Glucose Levels in Patients Taking Oral Contraceptives. A Preliminary
Report of a Prospective Study. Am. J. Obstet. Gynecol. 1966, 95, 474–478. [CrossRef] [PubMed]

25. Melhado-Kimura, V.; Alegre, S.M.; Pavin, E.J.; Dos Santos, P.D.N.S.; Bahamondes, L.; Fernandes, A.M.D.S. High Prevalence of
Insulin Resistance Assessed by the Glucose Clamp Technique in Hormonal and Non-Hormonal Contraceptive Users. Eur. J.
Contracept. Reprod. Health Care 2015, 20, 110–118. [CrossRef]

26. Adeniji, A.A.; Essah, P.A.; Nestler, J.E.; Cheang, K.I. Metabolic Effects of a Commonly Used Combined Hormonal Oral Contracep-
tive in Women With and Without Polycystic Ovary Syndrome. J. Womens Health 2016, 25, 638–645. [CrossRef]

27. Luque-Ramírez, M.; Nattero-Chávez, L.; Ortiz Flores, A.E.; Escobar-Morreale, H.F. Combined Oral Contraceptives and/or
Antiandrogens versus Insulin Sensitizers for Polycystic Ovary Syndrome: A Systematic Review and Meta-Analysis. Hum. Reprod.
Update 2018, 24, 226–241. [CrossRef]

28. Beaudry, M.; Bissonnette, S.; Lamantia, V.; Devaux, M.; Faraj, M. Sex-Specific Models to Predict Insulin Secretion and Sensitivity
in Subjects with Overweight and Obesity. Int. J. Mol. Sci. 2023, 24, 6130. [CrossRef]

29. Love, K.M.; Jahn, L.A.; Hartline, L.M.; Patrie, J.T.; Barrett, E.J.; Liu, Z. Insulin-Mediated Muscle Microvascular Perfusion and Its
Phenotypic Predictors in Humans. Sci. Rep. 2021, 11, 11433. [CrossRef]

30. Petrie, J.R.; Malik, M.O.; Balkau, B.; Perry, C.G.; Højlund, K.; Pataky, Z.; Nolan, J.; Ferrannini, E.; Natali, A. Euglycemic Clamp
Insulin Sensitivity and Longitudinal Systolic Blood Pressure: Role of Sex. Hypertension 2013, 62, 404–409. [CrossRef]

31. Targher, G.; Alberiche, M.; Zenere, M.B.; Bonadonna, R.C.; Muggeo, M.; Bonora, E. Cigarette Smoking and Insulin Resistance in
Patients with Noninsulin-Dependent Diabetes Mellitus. J. Clin. Endocrinol. Metab. 1997, 82, 3619–3624. [CrossRef]

32. Aulinas, A.; Colom, C.; García Patterson, A.; Ubeda, J.; María, M.A.; Orellana, I.; Adelantado, J.M.; de Leiva, A.; Corcoy, R.
Smoking Affects the Oral Glucose Tolerance Test Profile and the Relationship between Glucose and HbA1c in Gestational Diabetes
Mellitus. Diabet. Med. 2016, 33, 1240–1244. [CrossRef] [PubMed]

33. Grøndahl, M.F.; Bagger, J.I.; Lund, A.; Faurschou, A.; Rehfeld, J.F.; Holst, J.J.; Vilsbøll, T.; Knop, F.K. Effects of Smoking Versus
Nonsmoking on Postprandial Glucose Metabolism in Heavy Smokers Compared With Nonsmokers. Diabetes Care 2018, 41, 1260–1267.
[CrossRef] [PubMed]

34. Chan, Z.; Chooi, Y.C.; Ding, C.; Choo, J.; Sadananthan, S.A.; Michael, N.; Velan, S.S.; Leow, M.; Magkos, F. Sex Differences in
Glucose and Fatty Acid Metabolism in Asians Who Are Nonobese. J. Clin. Endocrinol. Metab. 2019, 104, 127–136. [CrossRef]
[PubMed]

35. United Nations; Department of Economic and Social Affairs; Population Division. Contraceptive Use by Method 2019; Data
Booklet (ST/ESA/SER.A/435); 2019. Available online: https://digitallibrary.un.org/record/3849735?v=pdf (accessed on 28
August 2024).

36. Lee, J.H.; Jeon, S.; Joung, B.; Lee, H.S.; Kwon, Y.J. Associations of Homeostatic Model Assessment for Insulin Resistance
Trajectories With Cardiovascular Disease Incidence and Mortality. Arterioscler. Thromb. Vasc. Biol. 2023, 43, 1719–1728. [CrossRef]
[PubMed]

37. Zhang, S.; Wu, Z.; Zhuang, Y.; Sun, X.; Wang, J.; Chen, S.; Guo, D.; Xu, P.; Zhang, C.; Yang, J. The Metabolic Score for Insulin
Resistance in the Prediction of Major Adverse Cardiovascular Events in Patients after Coronary Artery Bypass Surgery: A
Multicenter Retrospective Cohort Study. Diabetol. Metab. Syndr. 2023, 15, 157. [CrossRef]

38. Wang, S.; Shi, J.; Peng, Y.; Fang, Q.; Mu, Q.; Gu, W.; Hong, J.; Zhang, Y.; Wang, W. Stronger Association of Triglyceride Glucose
Index than the HOMA-IR with Arterial Stiffness in Patients with Type 2 Diabetes: A Real-World Single-Centre Study. Cardiovasc.
Diabetol. 2021, 20, 82. [CrossRef]

39. Yang, W.; Cai, X.; Hu, J.; Wen, W.; Mulalibieke, H.; Yao, X.; Yao, L.; Zhu, Q.; Hong, J.; Luo, Q.; et al. The Metabolic Score for
Insulin Resistance (METS-IR) Predicts Cardiovascular Disease and Its Subtypes in Patients with Hypertension and Obstructive
Sleep Apnea. Clin. Epidemiol. 2023, 15, 177–189. [CrossRef]

40. Donahue, R.; Prineas, R.; DeCarlo Donahue, R.; Bean, J.; Skyler, J. The Female “insulin Advantage” in a Biracial Cohort: Results
from the Miami Community Health Study—PubMed. Int. J. Obes. Relat. Metab. Disord. 1996, 20, 76–82.

41. Baghbani-Oskouei, A.; Tohidi, M.; Hasheminia, M.; Azizi, F.; Hadaegh, F. Impact of 3-Year Changes in Fasting Insulin and Insulin
Resistance Indices on Incident Hypertension: Tehran Lipid and Glucose Study. Nutr. Metab. 2019, 16, 76. [CrossRef]

42. Gayoso-Diz, P.; Otero-Gonzalez, A.; Rodriguez-Alvarez, M.X.; Gude, F.; Cadarso-Suarez, C.; García, F.; De Francisco, A. Insulin
Resistance Index (HOMA-IR) Levels in a General Adult Population: Curves Percentile by Gender and Age. The EPIRCE Study.
Diabetes Res. Clin. Pract. 2011, 94, 146–155. [CrossRef]

43. Boccardi, V.; Mancinetti, F.; Baroni, M.; Cecchetti, R.; Bastiani, P.; Ruggiero, C.; Mecocci, P. Metabolic Score for Insulin Resistance
(METS-IR) and Circulating Cytokines in Older Persons: The Role of Gender and Body Mass Index. Nutrients 2022, 14, 3228.
[CrossRef] [PubMed]

44. Xie, Q.; Kuang, M.; Lu, S.; Huang, X.; Wang, C.; Zhang, S.; Sheng, G.; Zou, Y. Association between MetS-IR and Prediabetes Risk
and Sex Differences: A Cohort Study Based on the Chinese Population. Front. Endocrinol. 2023, 14, 1175988. [CrossRef] [PubMed]

45. Cortés, M.E.; Alfaro, A.A. The Effects of Hormonal Contraceptives on Glycemic Regulation. Linacre Q. 2014, 81, 209. [CrossRef]
[PubMed]

https://doi.org/10.1210/jc.86.7.3188
https://www.ncbi.nlm.nih.gov/pubmed/11443187
https://doi.org/10.1016/0002-9378(66)90137-2
https://www.ncbi.nlm.nih.gov/pubmed/5939014
https://doi.org/10.3109/13625187.2014.961599
https://doi.org/10.1089/jwh.2015.5418
https://doi.org/10.1093/humupd/dmx039
https://doi.org/10.3390/ijms24076130
https://doi.org/10.1038/s41598-021-90935-8
https://doi.org/10.1161/HYPERTENSIONAHA.111.00439
https://doi.org/10.1210/jc.82.11.3619
https://doi.org/10.1111/dme.12966
https://www.ncbi.nlm.nih.gov/pubmed/26416345
https://doi.org/10.2337/dc17-1818
https://www.ncbi.nlm.nih.gov/pubmed/29602793
https://doi.org/10.1210/jc.2018-01421
https://www.ncbi.nlm.nih.gov/pubmed/30252100
https://digitallibrary.un.org/record/3849735?v=pdf
https://doi.org/10.1161/ATVBAHA.123.319200
https://www.ncbi.nlm.nih.gov/pubmed/37470180
https://doi.org/10.1186/s13098-023-01133-7
https://doi.org/10.1186/s12933-021-01274-x
https://doi.org/10.2147/CLEP.S395938
https://doi.org/10.1186/s12986-019-0402-3
https://doi.org/10.1016/j.diabres.2011.07.015
https://doi.org/10.3390/nu14153228
https://www.ncbi.nlm.nih.gov/pubmed/35956404
https://doi.org/10.3389/fendo.2023.1175988
https://www.ncbi.nlm.nih.gov/pubmed/37255977
https://doi.org/10.1179/2050854914Y.0000000023
https://www.ncbi.nlm.nih.gov/pubmed/25249703


Diabetology 2024, 5 689

46. Kaplan, A.K.; Sezgin, Y. Evaluation of the Relationship Between Smoking and Insulin Resistance: A Case-Control Study. Cureus
2023, 15, e36684. [CrossRef]

47. Wang, J.; Bai, Y.; Zeng, Z.; Wang, J.; Wang, P.; Zhao, Y.; Xu, W.; Zhu, Y.; Qi, X. Association between Life-Course Cigarette Smoking
and Metabolic Syndrome: A Discovery-Replication Strategy. Diabetol. Metab. Syndr. 2022, 14, 11. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.7759/cureus.36684
https://doi.org/10.1186/s13098-022-00784-2

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Laboratory Examinations 
	Statistical Analysis 

	Results 
	Cohorts Before Smoking Stratification 
	Smoking Stratification: Differences Between Non-Smokers and Smokers 
	Intrasex Differences 
	Cluster Analysis 

	Discussion 
	References

