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Abstract: Background: Sex-gender medicine focuses on differences and similarities in health and disease between 
men and women. The present study focused on the existence of male and female phenotypes when routine demo-
graphic, biochemical and haematological data are considered and aimed to determine the influence of smoking on 
phenotypes and evaluate the role of body weight on sex-gender differences in view of the fact that some of them can 
be utilized as biomarkers of diagnosis, diseases and therapeutic response. Methods: Eighty-five healthy young adult 
men (27 smokers and 58 non-smokers) and 85 women (32 smokers and 53 non-smokers) well matched for age 
were enrolled. 31 haematochemical parameters were measured and data were analysed before and after normal-
ization for body weight applying the two-way analysis of variance and principal component analysis (PCA). Results: 
In non-smoking cohorts, there were numerous sex-gender differences and PCA analysis distinguished two different 
phenotypes: males and females. Body weight normalization induced qualitatively and quantitatively changes, but 
male and female phenotypes were still well evident. Smoking influenced numerous parameters and PCA analysis 
evidenced that these changes led to the  abolition of male and female phenotypes. Conclusions: Personalized 
medicine has the goals to study modification of markers profile in the single individual, which is strongly influenced 
by sex-gender and smoking habit. In non-smokers, male and female phenotypes are present independently from 
the quantitation method used. In smokers only one phenotype is present. These results suggest that smoking and 
sex-gender should be considered as an independent variable in clinical research.
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Introduction 

Sex and gender* play a crucial role in health, 
yet they are often neglected in health care [1]. 
However, research on sex and gender highlights 
that several diseases and risk factors affect 
men and women differently such as pharmaco-
logical therapies [1-3]. Sex differences can be 
associated with body weight, which is usually 
lower in women than in men [4]; however, some 
researchers disagree [5, 6]. Actually, few stud-
ies have been performed on absolute and nor-
malized (by body weight) concentrations of bio-
marker performance [7-9]. To date, there is no 
consensus on how they could be adopted in 
routine clinical practice. 

Being a woman or man depends on complex in- 
teractions of female and male bodies with the 
surrounding environment; and smoking is one 
of the most relevant environmental factors th- 
at influences human health [10, 11] due to its 
prevalence (> 1 billion smokers worldwide) [12] 
and negative impact on health [10, 11]. Tobac- 
co smoking is a risk factor for premature mor-
tality being also a contributor to ethnic and so- 
cioeconomic inequalities in mortality [13]. In 
western countries, it is responsible for most of 
the excess mortality of poor men. This point is 
less clear in women [14].

Some reports show the role of sex-gender in the 
pathobiology of tobacco [15], with women being 
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more susceptible than men versus the negative 
effect on health [16-18]. Further, smoking can 
affect pharmacokinetic and pharmacodynamic 
profiles of numerous drugs, including cyclospo-
rine, sexual hormones [19-23] and this may 
reflect on therapeutic responses. Indeed, for 
oral hormonal contraceptives users, a Food 
Drug Administration warning says “women are 
strongly advised not to smoke” [24]. 

Evaluating sex-gender differences in routine 
biochemical and haematological phenotypes 
will be crucial in the development of a personal-
ized medicine encompassing sex and gender 
sensitive strategies for prevention, diagnosis 
and treatment. Thus, the goal of this work is to 
investigate whether the sex and gender and the 
smoking status of healthy young adults could 
affect both routine biochemical and haemato-
logical parameters to evaluate potential male 
and female phenotypes and describing the 
influence of body dimension on sex and gender 
differences. 

* The concept of sex includes the biological dif-
ferences between men and women, whereas 
gender includes psychological, social and cul-
tural characteristics (including lifestyle and be- 
havioural habits, and therefore smoking). How- 
ever, they interact [25-27], therefore in order to 
emphasize the importance of such interaction, 
the term sex-gender will be used throughout 
the text.

Methods

Cohort’s characteristics

A total of 85 healthy men and 85 healthy wo- 
men with regular menstrual cycles (28 days) 
both aged between 18 and 40 years, were 
enrolled during a voluntary blood donation in 
Sassari, Italy. All participants were informed 
that an aliquot of blood would be kept for the 
study, and all procedures were conducted in 
accordance with the Helsinki Declaration. The 
inclusion and exclusion criteria were already 
described in Campesi 2013 [28]. Briefly, heal- 
thy men and women were included. All the par-
ticipants were free of kidney, liver, heart, endo-
crine diseases and infectious disease for at 
least 2 months before their participation. None 
of the subjects was on long-term medications, 
including oral contraceptives for women. Wo- 
men were all evaluated during the follicular 

phase (1-10 days) in view of the fact biomarkers 
are influenced by endogenous and exogenous 
sexual hormones [29, 30]. Smokers (27 men 
and 32 women) were defined as subjects who 
smoked at least one cigarette per day at the 
time of blood collection. All the information was 
collected through a questionnaire given to the 
volunteer at the time of the donation.

Biochemical and hematological examinations 

Laboratory assessments were conducted, im- 
mediately after collection, on 10 mL samples  
of fasting blood (collected at 8.00 am and 
10.00 am; silicone coating for serum determi-
nations and potassium-ethylenediaminetetra-
acetic acid for other assessments). Plasma 
and/or serum aliquots were used to test for  
glycaemia, total cholesterol (TChol), low (LDL) 
and high (HDL) density lipoprotein, HDL/LDL, 
triglycerides (TG), aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), γ-gluta- 
myl transpeptidase (γ-GT), bilirubin, alkaline 
phosphatase, creatinine (Cr), urea, uric acid, 
Ca2+, Na+, K+, sideremia, and thyroid-stimulat- 
ing hormone (TSH). Full blood aliquots were 
used to measure red cell (RBC) and white  
blood count (WBC), leucocyte formula, haemo-
globin (Hb), haematocrit, and mean corpuscu-
lar volume (MCV), and platelet count (PLT). 
These factors were measured following proce-
dures described in Campesi et al. (2012). Cre- 
atinine clearance (CrCl) was calculated using 
the formula [140 - age (year)] * weight (kg)]/[72 
* serum Cr (mg/dl)] for men and multiplying by 
0.85 for women.

Statistical analysis

Data are reported as the means ± SD before 
and after normalization for body weight. The 
distribution of samples was evaluated using 
the Kolmogorov-Smirnov and Shapiro tests. 
Univariate analysis of blood parameters was 
performed by Two-Way Analysis of Variance  
followed by Pairwise Multiple Comparison Pro- 
cedures to analyse the effect of sex and gend- 
er and smoking using Sigma-Stat 3.1 software 
(Systat Software, Erkrath, Germany). A P-value 
< 0.05 was considered statistically significant. 
Adequate total sample size for Two way ANOVA 
was calculated using G*Power software (free) 
based on 95% confidence and 80% (effect size 
as medium (f = 0.25), number of groups (4) and 
numerator degree of freedom as 1 [31].
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PCA was performed using the correlation ma- 
trix of standardized variables, by smoking sta-
tus and sex-gender. Components with eigen- 
values greater than 1.00 were retained for fur-
ther analysis. Associations between the data 
and components were established using vari-
max-rotated factor loadings. PCA was perfor- 
med using IBM SPSS 23 (IBM Armonk, USA).

Results 

Characteristics of cohorts 

Cohorts were well matched for age. In particu-
lar, the age (years) of male smokers and non-
smokers were 28.4 ± 4.6 (n = 27) and 25.9 ± 
4.9 (n = 58), respectively; whereas the age 
(years) of female smokers and non-smokers 
28.2 ± 4.8 (n = 32) and 27.7 ± 5.3 (n = 53), 
respectively without significant differences be- 
tween sexes.  

Smokers of both sexes had a lower educational 
level in comparison with non-smokers with not 
significant differences between men and wo- 
men. In particular, 69.4% and 65.6% of male 
and female smokers had the lower education 
levels, respectively. 

On average, body weight (kg) was significantly 
different between male and female non-smok-
ers being 74.4 ± 10.4 versus 53.7 ± 7.0 (P < 
0.001) respectively; and 69.6 ± 10.6 versus 
56.0 ± 8.4 (P < 0.001) between male and 
female smokers, respectively. On average, bo- 
dy mass index (BMI) (kg/m2) was significantly 
higher in non-smoking men (24.1 ± 2.4) than in 
non-smoking women (20.7 ± 2.5; P < 0.001). 
BMI was also significantly higher in smoking 
men (22.8 ± 3.1) than in smoking women (21.3 
± 3.3; P = 0.047). The statistically significant 
differences in body dimension between sex-
genders within each group suggested us to  
perform the subsequent analyses using the 
absolute values and the values obtained after 
normalization for body weight.

Baseline data 

The Two Way Analysis of Variance demonstr- 
ated that, both before and after body weight 
normalisation, some parameters were affected 
only by sex-gender, others only by the smoke, 
and in others it was observed an interaction 
between sex-gender and smoking (Tables S1, 
S2).  

Effect of sex-gender and smoking on biochemi-
cal and haematological parameters before 
body weight normalization

Independently from cigarette smoking, sex-gen-
der affected 14 parameters. Men had higher 
glycaemia, TG, Cr, CrCl, urea, AST, γ-GT, Na+, 
RBC, haematocrit, and monocytes. TChol, HDL, 
and eosinophils count were significantly low- 
er in men (Table 1), while non-statistically sig-
nificant sex-gender effect was detected for all 
the other measured parameters (LDL, HDL/
LDL, bilirubin, Ca2+, K+, sideremia, TSH, MCV, 
WBC, neutrophils, lymphocytes, and basophils) 
(Table 1).

Independently from sex, smoking affected 6 
parameters. Smokers had lower levels of LDL 
and higher count of WBC, neutrophils, and lym-
phocytes (Table 1). The count of monocytes 
and eosinophils was globally higher in smo- 
kers than in non-smokers. Moreover, smoker 
women had higher count of monocytes than 
non-smoker ones. Smoking effect was not de- 
tected for all the other parameters (glycaemia, 
TChol, HDL, TG, Cr, CrCl, urea, AST, γ-GT, biliru-
bin, alkaline phosphatase activity, Na+, Ca2+,  
K+, sideremia, TSH, RBC, haematocrit, MCV, 
basophils) (Table 1).

A statistically significant interaction between 
sex-gender and smoking was detected for 6 
parameters (Table 1; Figure 1). HDL/LDL ratio 
was significantly higher only in male smokers, 
while smoking females had significantly higher 
PLT count than smoking men and non-smoking 
women (Table 1; Figure 1). Uric acid significant-
ly differed between male non-smokers and 
smokers, between male smokers and female 
smokers, and between male non-smokers and 
female non-smokers, with the highest value 
detected in male non-smokers. The highest lev-
els of ALT were found in male non-smokers ver-
sus non-smoking men and women (Table 1; 
Figure 1). Alkaline phosphatase activity dif-
fered only in non-smokers, being higher in non-
smoking men. As expected, Hb was higher in 
males than in females, irrespective of smok- 
ing (Table 1; Figure 1). Finally, bilirubin, TSH,  
K+, Ca++, sideremia, MCV and basophils were 
not affected by smoking and sex-gender.

Effect of sex-gender and smoking after nor-
malization for body weight 

After body weight normalization, independently 
from cigarette smoking, sex-gender influenced 
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Table 1. Biochemical and haematological parameters stratified by sex-gender and smoking habit 
before body weight normalization

2-way ANOVA P value
Parameters Groups Men Women Sex-gender Smoke Interaction
Glycaemia (mg dl-1) Non-S 80.9 ± 9.1 77.3 ± 9.7 0.011 ns ns

S 78.5 ± 8.6 73.9 ± 12.6
TChol (mg dl-1) Non-S 181.4 ± 34.8 182.8 ± 28.7 0.037 ns ns

S 166.0 ± 38.0 186.5 ± 27.1
LDL (mg dl-1) Non-S 111.1 ± 29.6 109.2 ± 24.3 ns 0.032 ns

S 93.3 ± 29.6 108.2 ± 21.3
HDL (mg dl-1) Non-S 52.4 ± 12.1 60.7 ± 11.4 < 0.001 ns ns

S 54.3 ± 13.9 61.3 ± 11.0
HDL/LDL Non-S 0.5 ± 0.2a2 0.6 ± 0.2 ns 0.043 0.047

S 0.7 ± 0.2 0.6 ± 0.2
TG (mg dl-1) Non-S 89.4 ± 38.5 66.8 ± 21.8 0.036 ns ns

S 91.6 ± 64.3 87.2 ± 37.2
Cr (mg ml-1) Non-S 0.9 ± 0.1 0.7 ± 0.1 < 0.001 ns ns

S 0.8 ± 0.1 0.7 ± 0.1
CrCl (mg min-1) Non-S 120.2 ± 2 1.7 100.6 ± 16.3 < 0.001 ns ns

S 114.6 ± 26.2 104.1 ± 16.2
Urea (mg dl-1) Non-S 35.5 ± 7.7 28.8 ± 8.6 < 0.001 ns ns

S 32.8 ± 8.3 27.9 ± 7.3
Uric Acid (mg dl-1) Non-S 5.4 ± 1.1a1,d3 3.5 ± 0.9 < 0.001 ns 0.041

S 4.9 ± 1.2c2 3.7 ± 0.9
AST (U l-1) Non-S 27.9 ± 13.5 19.5 ± 5.0 < 0.001 ns ns

S 24.2 ± 9.9 20.0 ± 5.3
ALT (U l-1) Non-S 35.2 ± 19.8a2,d3 17.8 ± 7.9 < 0.001 ns 0.007

S 25.4 ± 11.4 20.4 ± 11.5
γ-GT (U l-1) Non-S 25.6 ± 11.7 15.3 ± 4.0 < 0.001 ns ns

S 24.9 ± 13.5 19.4 ± 15.8
Bilirubin (mg dl-1) Non-S 0.8 ± 0.4 0.7 ± 0.4 ns ns ns

S 0.7 ± 0.4 0.6 ± 0.4
Alkaline Phosphatase (U l-1) Non-S 69.8 ± 15.5d3 58.6 ± 14.5 0.014 ns 0.034

S 63.4 ± 15.1 62.5 ± 14.0
Na+ (mEq l-1) Non-S 141.9 ± 2.6 140.1 ± 2.1 < 0.001 ns ns

S 141.5 ± 1.8 139.7 ± 2.4
K+ (mEq l-1) Non-S 4.2 ± 0.3 4.0 ± 0.3 ns ns ns

S 4.2 ± 0.4 4.1 ± 0.3
Ca2+ (mg dl-1) Non-S 9.4 ± 0.4 9.4 ± 0.4 ns ns ns

S 9.5 ± 0.4 9.6 ± 0.4
Sideremia (µg l-1) Non-S 102.2 ± 38.2 84.0 ± 38.1 ns ns ns

S 90.1 ± 25.7 89.3 ± 44.4
TSH (µUI ml-1) Non-S 2.0 ± 1.1 1.9 ± 0.9 ns ns ns

S 2.0 ± 1.1 1.8 ± 0.9
RBC (1012 l-1) Non-S 5.6 ± 0.6 4.8 ± 0.5 < 0.001 ns ns

S 5.5 ± 0.7 4.7 ± 0.4
Hb (g dl-1) Non-S 14.5 ± 1.2d3 12.5 ± 1.2 < 0.001 ns 0.031

S 14.1 ± 1.3c3 12.9 ± 0.9
Haematocrit (%) Non-S 43.6 ± 2.8 38.7 ± 3.3 < 0.001 ns ns

S 42.7 ± 2.8 39.2 ± 2.9
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13 parameters. Weight-corrected TChol, LDL, 
HDL, alkaline phosphatase activity, K+, Ca++ sid-
eraemia, TSH, RBC and PLT counts, Hb, hae- 
matocrit, and MCV were significantly lower in 
men than in women (Table 2). The following 
parameters: TG, Cr, urea, uric acid, AST, γ-GT, 
bilirubin, monocytes, eosinophils and basophils 
did not vary significantly.

After body weight normalisation and indepen-
dently from sex-gender, smoking influenced 4 
parameters (Table 2). Female smokers had 
higher levels of TG and monocytes than female 
non-smokers did, while eosinophils and γ-GT 
were significantly higher in male smokers than 
in non-smokers (Table 2). The following param-
eters: TChol, LDL, HDL, Cr, urea, uric acid, AST, 
bilirubin, alkaline phosphatase activity, K+, Ca++, 
sideremia, TSH, RBC, Hb, haematocrit, MCV, 
basophils and PLT did not vary significantly.

After body weight normalization, 4 parameters 
(glycaemia, HDL/LDL ratio, ALT, Na+) showed a 
statistically significant interaction between sex-
gender and smoking (Table 2; Figure 2). Female 
non-smokers had the highest value of glycae-
mia, which differed from those of smokers of 
both sexes. Moreover, in male smokers, glycae-
mia was significantly higher than in female 
smokers (Table 2; Figure 2). HDL/LDL ratio sh- 
owed a difference between male non-smokers 
and male smokers, and between male non-sm- 

okers and female non-smokers, with the lowest 
value detected in male non-smokers (Table 2; 
Figure 2). Male non-smokers had significantly 
higher levels of ALT in comparison with female 
non-smokers and male smokers (Table 2; Fig- 
ure 2). Finally, females had significantly higher 
Na+ in comparison with their male counterparts 
(Table 2; Figure 2).

Comparison between Tables 1 and 2  

Before adjustment for body weight, indepen-
dently from smoking, men had higher glycae-
mia, alkaline phosphatase activity, Na+, RCB, 
haematocrit, which became significantly higher 
in women than in men after body weight nor-
malization. Interestingly, TChol, HDL, and PLT 
were significantly higher in women than in men 
before and after body weight normalization. 
The body weight normalization induced a loss 
of statistical significance for TG, Cr, urea, uric 
acid, AST, γ-GT, eosinophils and monocytes 
whereas other parameters such as LDL, HDL/
LDL, K+, Ca2+, sideremia, TSH, MCV, WBC, neu-
trophils, and lymphocytes became statistically 
significant being higher in women than in men. 

Before body weight correction, HDL/LDL, uric 
acid, ALT, alkaline phosphatase, Hb, PLT show- 
ed a statistically significant interaction betw- 
een sex-gender and smoking. The body weight 
normalisation reduced them from 6 to 4 lea- 

MCV (fl) Non-S 78.1 ± 11.5 80.2 ± 8.2 ns ns ns
S 79.5 ± 12.1 83.4 ± 7.0

WBC (109 l-1) Non-S 6.8 ± 1.4 6.3 ± 1.5 ns < 0.001 ns
S 7.6 ± 1.4 7.3 ± 1.7

Neutrophils (103 µl-1) Non-S 3.6 ± 1.0 3.4 ± 1.1 ns 0.004 ns
S 4.2 ± 1.1 3.9 ± 1.2

Lymphocytes (103 µl-1) Non-S 2.3 ± 0.6 2.2 ± 0.6 ns 0.008 ns
S 2.5 ± 0.8 2.6 ± 0.8

Monocytes (103 µl-1) Non-S 0.4 ± 0.1 0.3 ± 0.10b1,c1 < 0.001 0.008 ns
S 0.5 ± 0.1d3 0.4 ± 0.12

Eosinophils (103 µl-1) Non-S 0.2 ± 0.1 0.4 ± 0.26 0.020 0.04 ns
S 0.2 ± 0.1 0.2 ± 0.10

Basophils (103 µl-1) Non-S 0.04 ± 0.03 0.03 ± 0.02 ns ns ns
S 0.06 ± 0.05 0.04 ± 0.03

PLT (109 l-1) Non-S 259.8 ± 48.8 273.3 ± 53.8b2 < 0.001 Ns 0.006
S 246.4 ± 50.1c3 305.6 ± 50.1

Data are reported as the means ± SD of 58 male non-smokers, 27 male smokers, 53 female non-smokers and 32 female 
smokers. P-values are reported for sex and smoking effects, as well as for sex x smoking interaction. For each parameter, the 
degree of freedom was 1. Multiple comparison analysis: a1-b1-c1-d1 for P = 0.05-0.01; a2-b2-c2-d2 for P = 0.01-0.001; a3-
b3-c3-d3 for P ≤ 0.001; S = smoking; Non-S = non-smoking; ns = not significant.
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Figure 1. Sex-gender x smoking interactions before normalization for body weight. P values are reported for main effect and for interaction. Dashed lines represent 
a P < 0.05 for multiple comparison test. W = women, M = men, S = smokers, Non S = non smokers.
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Table 2. Biochemical and haematological parameters stratified by sex-gender and smoking habits 
after body weight normalization

2-way ANOVA P value
Parameters Groups Men Women Sex-gender Smoke Interaction
Glycaemia (mg dl-1) Non-S 1.1 ± 0.2 1.5 ± 0.3b1,d2 < 0.001 ns 0.033

S 1.1 ± 0.2c2 1.3 ± 0.3
TChol (mg dl-1) Non-S 2.5 ± 0.5d3 3.4 ± 0.6 < 0.001 ns ns

S 2.4 ± 0.5c3 3.4 ± 0.5
LDL (mg dl-1) Non-S 1.5 ± 0.4d3 2.0 ± 0.4 < 0.001 ns ns

S 1.3 ± 0.4c3 2.0 ± 0.4
HDL (mg dl-1) Non-S 0.7 ± 0.2d3 1.1 ± 0.3 < 0.001 ns ns

S 0.8 ± 0.2c3 1.1 ± 0.2
HDL/LDL Non-S 0.007 ± 0.004a2,d3 0.01 ± 0.004 < 0.001 ns 0.014

S 0.01 ± 0.005 0.01 ± 0.003
TG (mg dl-1) Non-S 1.2 ± 0.5 1.3 ± 0.4b2 ns 0.023 ns

S 1.3 ± 0.8c1 1.6 ± 0.8 
Cr (mg ml-1) Non-S 0.01 ± 0.001 0.01 ± 0.002 ns ns ns

S 0.01 ± 0.003 0.01 ± 0.001
Urea (mg dl-1) Non-S 0.49 ± 0.13 0.55 ± 0.18 ns ns ns

S 0.48 ± 0.14 0.51 ± 0.15
Uric Acid (mg dl-1) Non-S 0.07 ± 0.01 0.07 ± 0.02 ns ns ns

S 0.07 ± 0.02 0.07 ± 0.02
AST (U l-1) Non-S 0.38 ± 0.15 0.37 ± 0.11 ns ns ns

S 0.36 ± 0.17 0.36 ± 0.10
ALT (U l-1) Non-S 0.47 ± 0.25a1,d3 0.33 ± 0.15 0.027 ns 0.037

S 0.37 ± 0.17 0.36 ± 0.19
γ-GT (U l-1) Non-S 0.35 ± 0.15 0.29 ± 0.09 ns 0.048 ns

S 0.37 ± 0.18 0.35 ± 0.26
Bilirubin (mg dl-1) Non-S 0.01 ± 0.006 0.01 ± 0.009 ns ns ns

S 0.01 ± 0.006 0.01 ± 0.008
Alkaline Phosphatase (U l-1) Non-S 0.96 ± 0.27d2 1.11 ± 0.36 < 0.001 ns ns

S 0.93 ± 0.26c2 1.13 ± 0.27
Na+ (mEq l-1) Non-S 1.94 ± 0.26d3 2.65 ± 0.36 < 0.001 ns ns

S 2.09 ± 0.32c3 2.55 ± 0.38
K+ (mEq l-1) Non-S 0.06 ± 0.009d3 0.08 ± 0.01 < 0.001 ns ns

S 0.06 ± 0.009c3 0.07 ± 0.01
Ca2+ (mg dl-1) Non-S 0.13 ± 0.02d3 0.18 ± 0.03 < 0.001 ns ns

S 0.14 ± 0.02c3 0.17 ± 0.02
Sideremia (µg l-1) Non-S 1.42 ± 0.58 1.59 ± 0.78 0.04 ns ns

S 1.34 ± 0.45 1.64 ± 0.82
TSH (µUI ml-1) Non-S 0.03 ± 0.02d2 0.04 ± 0.01 0.026 ns ns

S 0.03 ± 0.02 0.03 ± 0.02
RBC (1012 l-1) Non-S 0.08 ± 0.01d3 0.09 ± 0.01 < 0.001 ns ns

S 0.08 ± 0.02 0.09 ± 0.01
Hb (g dl-1) Non-S 0.19 ± 0.03d3 0.24 ± 0.03 < 0.001 ns ns

S 0.21 ± 0.03c2 0.24 ± 0.04
Haematocrit (%) Non-S 0.59 ± 0.08d3 0.73 ± 0.11 < 0.001 ns ns

S 0.63 ± 0.09c2 0.71 ± 0.11
MCV (fl) Non-S 1.07 ± 0.19d3 1.52 ± 0.26 < 0.001 ns ns

S 1.16 ± 0.22c3 1.52 ± 0.26
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WBC (109 l-1) Non-S 0.09 ± 0.02a1,d3 0.12 ± 0.03b1 < 0.001 < 0.001 ns
S 0.11 ± 0.02c2 0.13 ± 0.04

Neutrophils (103 µl-1) Non-S 0.05 ± 0.01a1,d3 0.06 ± 0.02 < 0.001 0.006 ns
S 0.06 ± 0.02 0.07 ± 0.02

Lymphocytes (103 µl-1) Non-S 0.03 ± 0.009d3 0.04 ± 0.01b1 < 0.001 0.005 ns
S 0.04 ± 0.01c2 0.05 ± 0.02

Monocytes (103 µl-1) Non-S 0.006 ± 0.002 0.006 ± 0.002b1 ns 0.005 ns
S 0.007 ± 0.002 0.007 ± 0.002

Eosinophils (103 µl-1) Non-S 0.003 ± 0.002a2 0.003 ± 0.002 ns 0.005 ns
S 0.005 ± 0.008 0.004 ± 0.002

Basophils (103 µl-1) Non-S 0.0006 ± 0.0005 0.0006 ± 0.0007 ns ns ns
S 0.0009 ± 0.0008 0.0008 ± 0.0007

PLT (109 l-1) Non-S 3.58 ± 0.89d3 5.17 ± 1.24 < 0.001 ns ns
S 3.61 ± 0.92c3 5.59 ± 1.37

Data are reported as the means ± SD. P-values are reported for sex-gender and smoking effects, as well as for sex-gender 
x smoking interaction. For each parameter, the degree of freedom was 1. Multiple comparison analysis: a1-b1-c1-d1 for P = 
0.05-0.01; a2-b2-c2-d2 for P = 0.01-0.001; a3-b3-c3-d3 for P ≤ 0.001; S = smoking; Non-S = non-smoking, ns = not signifi-
cant.

Figure 2. Sex-gender x smoking interactions after normalization for body weight. P values are reported for main ef-
fect and for interaction. Dashed lines represent a P < 0.05 for multiple comparison test. W = women, M = men, S = 
smokers, Non S = non smokers.
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ving unchanged the interactions of HDL/LDL 
and ALT. The body weight normalisation also 
changed the parameters that were not influ-
enced by smoking and sex-gender before nor- 
malisation. 

PCA in smokers and non-smokers before and 
after body weight normalization

PCA analysis (a statistical procedure that con-
verts a set of observations of possibly corre- 
lated variables into a set of values of linearly 
uncorrelated variables) was conducted using 
all analytic data, body weight, BMI and age. 
PCA analysis clearly identified male and fe- 
male phenotypes (P = 0.035) (Figure 3A) after 
the stratification of all data only for sex. Male 

and female phenotypes (P = 0.046) were still 
present when PCA was applied on non-smok- 
ing cohorts (Figure 3C). After normalization for 
body weight, PCA analysis of all data still identi-
fied male and female groups, even if PCA score 
(Figure 4A, 4C) was not statistically different 
between sexes (P > 0.05). After normalization 
for body weight, male and female phenotypes 
were still present when PCA was applied on 
non-smoking cohorts (Figure 4B, 4D). Surpri- 
singly, the PCA analysis performed stratifying 
all data for tobacco smoking habit evidenced 
only one phenotype (Figure 3B) (P = 0.094). 
The very same results (P = 0.080) were obtain- 
ed when PCA was applied to smoking cohort of 
both genders (Figure 3D). 

Figure 3. A. PCA score by sex-gender (N = 134); B. PCA score by smoking habit (N = 132); C. PCA score by sex-gender 
(non-smokers subjects, N = 86); D. PCA score by sex-gender (smoker subjects, N = 46).
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Before normalization of body weight, in female 
and male smokers, the first two principal com-
ponents (PCs) explained 29.2% and 32.8% of 
the variance, respectively (Figure S1A, S1B). In 
female and male non-smokers, the first two 
PCs explained 27.4% and 27.3% of the vari-
ance, respectively (Figure S1C, S1D). Before 
normalization of body weight, in females who 
smoke, the variables with the highest loading 
on PC1 were WBC, monocytes, neutrophils, ly- 
mphocytes, eosinophils, glycaemia, and K+ (Fi- 
gure S1A). Before normalization of body weight, 
in males who smoke, the most important vari-
ables for PC1 were TChol, TG, LDL, age, wei- 
ght and BMI (Figure S1B). In non-smokers, the 
profile of variables was more similar between 
males and females being WBC, lymphocytes, 

monocytes, neutrophils, eosinophils and PLT 
were positively related to PC1, and TG, glycae-
mia, TChol, whereas LDL being negatively relat-
ed to PC1 (Figure S1C, S1D). 

After body weight normalization, in female sm- 
okers, minerals, RBC, Hb, haematocrit, MCV, 
PLT, lymphocytes and Cr were variables with 
the highest loading on PC1 (Figure S1E). Wh- 
ereas, after body weight normalization, in male 
smokers (Figure S1F), PC1 was similar, with 
minerals, RBC, haematocrit, Cr, and Hb having 
the largest effect. 

Discussion

The importance of biomarkers is increasing in 
medicine. They have a relevant value in per-

Figure 4. PCA obtained after data normalization by weight. A. PCA score by sex-gender (N = 134); B. PCA score by 
smoking habit (N = 132); C. PCA score by sex-gender (non-smokers subjects, N = 86); D. PCA score by sex-gender 
(smoker subjects, N = 46).
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forming diagnosis and in predicting prognosis, 
treatment dose and in detecting efficacy and 
safety of drugs [32] and endeavour the sub-
division individuals into different categories. In 
theory, a single biomarker may be ideal in cli- 
nical use to subdivide individuals but in the 
reality it hardly exists [33]. Here, using routinely 
biochemical and haematological tests, we evi-
denced that healthy, adult and non-smoking 
men and women (in follicular phase of menstru-
al cycle) have different biological landscapes. 
PCA analysis clearly shows the presence of 
male and female phenotypes that persist even 
after body weight normalization. Although, in 
line with previous results [7-9], the correction 
for body weight affects the statistical signifi-
cance either qualitatively or quantitatively of 
the tests. The presence of male and female 
phenotypes when routine exams are perform- 
ed is in line with previous results obtained with 
different parameters or different body fluids 
[34, 35] such as the saliva of non-smokers. 
These findings suggest that PCA analysis is 
helpful into catch small sex-gender differen- 
ces.  

The changes induced by smoking, as opposed 
to those mediated by the correction for body 
weight, are able to abolish the male and fema- 
le phenotype, indicating the great relevance of 
smoking in the generation of sex-gender differ- 
ences.  

Globally, these results indicate that only some 
sex-gender differences depend on the differ-
ences in body dimension highlighting the im- 
portance of demographic variables in generat-
ing sex-gender differences and similarities. In- 
deed, other investigations are needed to vali-
date these findings and to elucidate their me- 
chanistic and clinical significance. In addition, 
these findings rightly pose the question wheth-
er reference limits, for at least some values, 
should considered body weight normalization 
because sexual dimorphism is more evident 
when data were not corrected for body weight. 

Indeed, the main and novel result is linked  
to the smoking effect that is able to compact 
male and female phenotypes, being present 
only a phenotype either before or after body wei- 
ght normalization, indicating the importance of 
smoking in sex-gender studies as already sug-
gested by WHO [12]. Therefore, these data sug-
gest that sex-gender and smoking habit should 

be considered as independent variables in clin-
ical trials in order to obtain rigorous scientific 
results when routine biomarkers were used. 
Further, these findings rightly pose the ques-
tion whether reference values should consider 
the smoking habit. This is a very relevant point 
in consideration of the dimension of tobacco 
dependency over the world [10, 11].  

Conclusions

The present data suggest that the variables 
sex-gender and smoking habit should be in- 
cluded in the design and statistical analysis  
of clinical trials in order to reduce heterogenei- 
ty and to increase the adherence to real life. 
Randomised clinical trials performed with het-
erogeneous populations provide average effe- 
cts of treatments that, although acceptable to 
regulatory authorities, may be insufficient for 
clinicians who focus their attention on the indi-
vidual patient.
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Table S1. Two Way Analysis of Variance report for the blood parameters included in PCA before body 
weight normalisation

Sex-gender Smoke effect Sex-gender x smoke
Age (y) F value: 1.121 F value: 3.538 F value: 1.518

P value: 0.291 P value: 0.062 P value: 0.220
Weight (Kg) F value: 134.460 F value: 0.690 F value: 5.813

P value: < 0.001 P value: 0.407 P value: 0.017
BMI (Kg/m2) F value: 30,041 F value: 0.687 F value: 5.012

P value: < 0.001 P value: 0.408 P value: 0.027
Glycaemia (mg dl-1) F value: 6.604 F value: 3.282 F value: 0.081

P value: 0.011 P value: 0.072 P value: 0.775
TChol (mg dl-1) F value: 4.413 F value: 1.277 F value: 3.381

P value: 0.037 P value: 0.260 P value: 0.068
LDL (mg dl-1) F value: 2.245 F value: 4.699 F value: 3.702

P value: 0.136 P value: 0.032 P value: 0.056
HDL (mg dl-1) F value: 15.784 F value: 0.427 F value: 0.103

P value: < 0.001 P value: 0.514 P value: 0.749
HDL/LDL F value: 0.0000208 F value: 4.173 F value: 4.019

P value: 0.996 P value: 0.043 P value: 0.047
TG (mg dl-1) F value: 4.476 F value: 3.114 F value: 2.018

P value: 0.036 P value: 0.079 P value: 0.157
Cr (mg ml-1) F value: 164.186 F value: 0.500 F value: 1.426

P value: < 0.001 P value: 0.480 P value: 0.234
CrCl (mg min-1) F value: 21.52 F value: 0.099 F value: 2.000

P value: < 0.001 P value: 0.753 P value: 0.159
Urea (mg dl-1) F value: 19.493 F value: 1.956 F value: 0.453

P value: < 0.001 P value: 0.164 P value: 0.502
Uric Acid (mg dl-1) F value: 78.952 F value: 0.757 F value: 4.227

P value: < 0.001 P value: 0.385 P value: 0.041
AST (U l-1) F value: 16.842 F value: 1.117 F value: 1.982

P value: < 0.001 P value: 0.292 P value: 0.161
ALT (U l-1) F value: 24.143 F value: 2.400 F value: 7.385

P value: < 0.001 P value: 0.123 P value: 0.007
γ-GT (U l-1) F value: 18.562 F value: 0.818 F value: 1.704

P value: < 0.001 P value: 0.367 P value: 0.194
Bilirubin (mg dl-1) F value: 3.578 F value: 1.541 F value: 0.0266

P value: 0.060 P value: 0.216 P value: 0.871
Alkaline Phosphatase (U l-1) F value: 6.214 F value: 0.267 F value: 4.579

P value: 0.014 P value: 0.606 P value: 0.034
Na+ (mEq l-1) F value: 24,393 F value: 1.188 F value: 0.0111

P value: < 0.001 P value: 0.277 P value: 0.916
K+ (mEq l-1) F value: 3.335 F value: 0.717 F value: 0.163

P value: 0.070 P value: 0.398 P value: 0.687
Ca2+ (mg dl-1) F value: 0.794 F value: 0.239 F value: 3.173

P value: 0.374 P value: 0.626 P value: 0.077
Sideremia (µg l-1) F value: 2.260 F value: 0.291 F value: 1.909

P value: 0.135 P value: 0.590 P value: 0.169
TSH (µUI ml-1) F value: 0.512 F value: 0.130 F value: 0.305

P value: 0.475 P value: 0.719 P value: 0.581
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RBC (1012 l-1) F value: 68.836 F value: 2.082 F value: 0.000298
P value: < 0.001 P value: 0.151 P value: 0.986

Hb (g dl-1) F value: 68.385 F value: 0.0168 F value: 4.579
P value: < 0.001 P value: 0.897 P value: 0.031

Haematocrit (%) F value: 75.543 F value: 0.150 F value: 2.433
P value: < 0.001 P value:0.699 P value: 0.121

MCV (fl) F value: 3.504 F value: 2.045 F value: 0.324
P value: 0.063 P value:0.155 P value: 0.570

WBC (109 l-1) F value: 3.503 F value: 14.802 F value: 0.169
P value: 0.063 P value: < 0.001 P value: 0.681

Neutrophils (103 µl-1) F value: 1.820 F value: 8.358 F value: 0.0168
P value: 0.179 P value: 0.004 P value: 0.897

Lymphocytes (103 µl-1) F value: 0.541 F value: 7.282 F value: 0.771
P value: 0.463 P value: 0.008 P value: 0.381

Monocytes (103 µl-1) F value: 17.437 F value: 7.204 F value: 0.468
P value: < 0.001 P value: 0.008 P value: 0.495

Eosinophils (103 µl-1) F value: 5.525 F value: 8.356 F value: 2.527
P value: 0.020 P value: 0.004 P value: 0.114

Basophils (103 µl-1) F value: 3.601 F value: 3.387 F value: 0.0557
P value: 0.060 P value: 0.068 P value: 0.814

PLT (109 l-1) F value: 19.408 F value: 1.312 F value: 7.634
P value: < 0.001 P value: 0.254 P value: 0.006

For each parameter the degree of freedom was 1, the F value and the P value are reported.

Table S2. Two Way Analysis of Variance report for the blood parameters included in PCA after body 
weight normalisation

Sex-gender Smoke effect Sex-gender x smoke
Glycaemia (mg dl-1) F value: 52.064 F value: 1.421 F value: 4.630

P value: < 0.001 P value: 0.235 P value: 0.033
TChol (mg dl-1) F value: 115.273 F value: 0.535 F value: 0.00005

P value: < 0.001 P value: 0.465 P value: 0.994
LDL (mg dl-1) F value: 69.336 F value: 3.329 F value: 0.241

P value: < 0.001 P value: 0.070 P value: 0.624
HDL (mg dl-1) F value: 97.257 F value: 0.171 F value:2.691

P value: < 0.001 P value: 0.680 P value: 0.103
HDL/LDL F value: 14.576 F value: 2.722 F value: 6.194

P value: < 0.001 P value: 0.101 P value: 0.014
TG (mg dl-1) F value: 3.695 F value: 5.237 F value: 2.031

P value: 0.056 P value: 0.023 P value: 0.156
Cr (mg ml-1) F value: 1.295 F value: 0.0337 F value: 2.023

P value:0.257 P value: 0.855 P value: 0.157
Urea (mg dl-1) F value: 2.912 F value: 0.923 F value: 0.497

P value: 0.090 P value: 0.338 P value: 0.482
Uric Acid (mg dl-1) F value: 3.518 F value: 0.059 F value: 0.516

P value: 0.062 P value: 0.807 P value: 0.474
AST (U l-1) F value: 0.002 F value: 0.294 F value: 0.095

P value: 0.960 P value: 0.588 P value: 0.759
ALT (U l-1) F value: 5.005 F value: 1.239 F value: 4.437

P value: 0.027 P value: 0.267 P value: 0.037
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γ-GT (U l-1) F value: 3.474 F value: 3.978 F value: 0.162
P value: 0.064 P value: 0.048 P value: 0.679

Bilirubin (mg dl-1) F value: 1.040 F value: 1.066 F value: 0.871
P value: 0.309 P value: 0.303 P value: 0.352

Alkaline Phosphatase (U l-1) F value: 13.479 F value: 0.007 F value: 0.286
P value: < 0.001 P value: 0.933 P value: 0.593

Na+ (mEq l-1) F value: 118.773 F value: 0.141 F value: 5.689
P value: < 0.001 P value: 0.708 P value: 0.018

K+ (mEq l-1) F value: 89.214 F value: 0.540 F value: 3.713
P value: < 0.001 P value: 0.464 P value: 0.056

Ca2+ (mg dl-1) F value: 106.933 F value: 0.157 F value: 2.438
P value: < 0.001 P value: 0.692 P value: 0.120

Sideremia (µg l-1) F value: 4.310 F value: 0.008 F value: 0.349
P value: 0.04 P value: 0.929 P value: 0.556

TSH (µUI ml-1) F value: 5.054 F value: 0.060 F value: 1.094
P value: 0.026 P value: 0.806 P value: 0.297

RBC (1012 l-1) F value: 17.620 F value: 0.251 F value: 3.718
P value: < 0.001 P value: 0.617 P value: 0.056

Hb (g dl-1) F value: 35.310 F value: 0.294 F value: 0.600
P value: < 0.001 P value: 0.589 P value: 0.440

Haematocrit (%) F value: 45.684 F value: 0.076 F value: 1.807
P value: < 0.001 P value: 0.783 P value: 0.181

MCV (fl) F value: 114.848 F value: 1.638 F value: 1.484
P value: < 0.001 P value: 0.202 P value: 0.225

WBC (109 l-1) F value: 24.970 F value: 13.641 F value: 0.127
P value: < 0.001 P value: < 0.001 P value: 0.723

Neutrophils (103 µl-1) F value: 14.350 F value: 7.867 F value: 0.473
P value: < 0.001 P value: 0.006 P value: 0.492

Lymphocytes (103 µl-1) F value: 21.215 F value: 8.010 F value: 0.065
P value: < 0.001 P value: 0.005 P value: 0.799

Monocytes (103 µl-1) F value: 1.894 F value: 8.122 F value: 0.004
P value: 0.171 P value: 0.005 P value: 0.951

Eosinophils (103 µl-1) F value: 0.765 F value: 7.989 F value: 2.614
P value: 0.383 P value: 0.005 P value: 0.108

Basophils (103 µl-1) F value: 0.376 F value: 3.746 F value: 0.107
P value: 0.541 P value: 0.055 P value: 0.744

PLT (109 l-1) F value: 98.399 F value: 1.558 F value: 1.203
P value: < 0.001 P value: 0.214 P value: 0.274

For each parameter the degree of freedom was 1, the F value and the P value are reported.
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Figure S1. (A-D) Loading plots indicating the score of each observation on the first 2 principal components, as well as the contributing effect of each variable when 
the female (A) and male (B) smokers and non-smoker women (C) and men (D) were analyzed. (E-H) Loading plots indicating the score of each observation on the 
first 2 principal components, as well as the contributing effect of each variable when the weight normalized dataset is used. (E) Smoker women, (F) Smoker men, 
(G) Non-smoker women, (H) Non-smoker men.


