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Introduction

In recent years, clinical and epidemiological stud-
ies have suggested that increased concentrations of 
total plasma homocysteine (tHcy) could be an ad-
ditional independent risk factor for cardiovascular 
disease [1]. It has been established that a very high 
tHcy concentration due to inborn metabolic er-
rors causing enzyme alterations in homocysteine 
metabolism can lead to serious thrombotic events 
at a young age [2]. Mild to moderate hyperho-
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mocysteinemia is recognized as a potential risk 
factor for adult cardiovascular disease, and many 
observational studies, and case and placebo-con-
trolled trials, are seeking to determine whether it 
is a cause or an effect of the disease [3]. Hyper-
homocysteinemia can be caused by genetic and/
or acquired factors due to lifestyle (i.e., nutritional 
habits), renal insufficiency and age [3]. It is known 
that low levels or deficiency in our diet of some 
group B vitamins, in particular cobalamin and/or 
folate (required cofactors for further homocysteine 
metabolism through the remethylation pathway), 
result in moderate elevations in tHcy levels. 
Adequate cobalamin levels and early diagnosis of 
deficiency are crucial because of the latent nature 
of the resulting megaloblastic anaemia, which can 
be obscured by high folate intake. A delayed diag-
nosis of vitamin B12 (B12) deficiency can result 
in, sometimes irreversible, neuronal cell damage. 
However, serum cobalamin concentration does 
not reliably rule out functional B12 deficiency 
[4], so a new approach to diagnosing subtle co-
balamin deficiency determines cobalamin status 
as holotranscobalamin (HoloTC, or active B12) 
concentration [4–6]. HoloTC, the transcobalamin 
cobalamin complex, representing the biologically 
active form of the vitamin (about 10–30% of total 
serum B12) is recognised by ubiquitous specific 
membrane receptors [4–6] and could have high 
diagnostic value as a storage marker [4–6].
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chronic disease, chronic medication including oral 
contraceptives, gastrointestinal disorders, unstable 
psychiatric health, alcohol abuse or use of dietary 
supplements. The subjects were defined as current 
heavy smokers on the basis of the number of ciga-
rettes smoked per day (>20) for at least 10 years 
prior to enrolment.
This study was conducted in accordance with the 
guidelines of the Declaration of Helsinki for Re-
search on Human Subjects and was approved by 
the Human Ethics Committee at the S. Giuseppe 
e Sacra Famiglia di Erba Hospital, Milan (protocol 
number 27/05/CE/smc). 
Each participant signed an informed consent form 
and was then interviewed about his or her gen-
eral health, usual dietary intake, lifestyle, alcohol 
and smoking habit using the Nutrition Status As-
sessment Score (NSAS) questionnaire [15]. This 
questionnaire includes 13 items on the number of 
cigarettes smoked, use of alcohol (safe levels: 20 g/
day for women, 30 g/day for men), physical activ-
ity and the consumption of common Italian foods. 
Self-reported weight and height were used to es-
timate body mass index (BMI). Some (16%) of 
study smokers self-reported moderate alcohol con-
sumption while the other 84% were non-drinkers 
or light drinkers. Items were scored on a Likert-
type scale from 0 to 13. Two different scales were 
used: NSAS Total (all factor loadings) and NSAS 
Fruit and Vegetables (FV) [16]. 
Blood samples were drawn after an overnight fast. 
Two blood specimens from each subject were col-
lected in light-protected tubes. Serum and plasma 
samples were frozen and stored at -20° C un-
til analyzed. Plasma tHcy, serum B12, s-Fol and 
RBC-Fol concentrations were determined by im-
munoenzymatic assay using commercial kits on 
an automated AxSYM analyser (Abbott, Abbott 
Park, IL, USA), as previously reported [16]. Serum 
HoloTC levels were determined by a new immu-
noenzymatic assay [17] using the Active B12 kit 
on the same automated AxSYM analyser (Abbott). 
Intra- and inter-assay variability was less than 5% 
and 8%, respectively, for all assay procedures. The 
lipid panel (total cholesterol (tCh), high density 
lipoprotein cholesterol (HDL-Ch) and triglycer-
ides (TG)) was measured on a Modular Analytics 
automated analyser (Roche, Switzerland) [16].

Tobacco smoking is a very unhealthy habit and 
well-established lifestyle factor closely and inde-
pendently associated with an increased risk of 
cardiovascular diseases [7]. It has been reported 
that cigarette smoking is associated with elevated 
tHcy concentrations [8] and is also negatively as-
sociated with serum folate (s-Fol) levels [9]. El-
evated tHcy concentrations could be a direct ef-
fect of toxic substances in tobacco smoke, often 
accompanied by a poor diet and/or low intake of 
most vitamins [10]. Recently, assessment of glu-
tathionyl-haemoglobin (Hb-SSG) levels showed 
the extent of biological damage caused by smok-
ing tobacco [11]. There is growing evidence that 
the reactive oxygen species generated by cigarette 
smoking may contribute to smoking-related dis-
eases (i.e., emphysema, atherogenesis and cancer). 
In particular, the study of Vassalle et al. showed 
that smoking was a gender-related cause of im-
paired oxidative status [12]. Moreover, the study 
by Frei et al. demonstrated that the gas phase oxi-
dants of cigarette smoke can oxidize naturally oc-
curring plasma antioxidants, protein thiol groups 
and lipids [13], while differences between men 
and women in whole-body lipid metabolism and 
in circulating blood lipid concentrations are re-
ported by Williams [14]. 
The main objectives of the present study were to 
evaluate homocysteine metabolism and the lipid 
panel in Italian healthy heavy smokers focusing on 
the differences between male and female subjects 
and to verify the diagnostic value of HoloTC as a 
storage marker of vitamin B12 status. Moreover, 
the possible role played by nutraceutical supple-
ments in counteracting metabolism alterations 
will be discussed.

Methods

Study population
Sixty-one healthy heavy smokers (26 women and 
35 men, median age 51 years, IQR 43–60), with 
no indication of respiratory dysfunction or symp-
toms of other illnesses, were recruited for the study 
and presented to the Pneumology Department of 
the Niguarda Ca’ Granda Hospital in Milan for 
an annual check-up. Exclusion criteria were preg-
nancy or lactation, hypertension, dyslipidemia, 
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Table 1 shows that 87% of smokers had slight or 
moderate hyperhomocysteinemia (>10.5 μmol/l). 
RBC-Fol concentrations were below the reference 
interval in 52.5% of all smokers, whereas s-Fol 
was below the reference interval in only 15% of 
cases.
HoloTC concentrations were below the reference 
cut-off value (40 pmol/l) in about one third (30%) 
of smokers, while 16.4% had B12 concentrations 
below the reference cut-off value (180 pmol/l).
Moreover, smokers showed an altered lipid panel: 
hypercholesterolemia (tCh was elevated in 72.1%) 
and decreased HDL-Ch concentrations were seen 
in about 18% of subjects. As shown in Table 2, un-
adjusted p values for crude comparison of analytes 
between males and females and p values adjusted 
for BMI, number of cigarettes smoked, age and 
nutritional score were evaluated. B12, tHcy and 
HDL cholesterol levels showed significant gender-
related differences, confirmed by both analyses. In 

The reference interval (6.8–10.5 μM/l) for tHcy 
was calculated using the plasma concentrations 
of 105 healthy non-smokers (57% females, 43% 
males, mean age 45±12) as controls. All other 
reference intervals or cut-off values are those cur-
rently used in our laboratory [16, 17]. 

Statistical analysis 
Data were presented as median and inter-quartile 
range (IQR) to account for skewness in data dis-
tribution. Unadjusted comparisons between males 
and females were performed using a Wilcoxon test. 
To account for the possible confounding effects of 
patients’ baseline characteristics in comparing gen-
ders, p values were also computed adjusting for age, 
number of cigarettes smoked, nutritional score and 
BMI at baseline. For this purpose, a linear regres-
sion model was used, and adjusted variables were 
included in the model irrespective of their statisti-
cal significance, due to their usage as statistical con-
founders. Results with p>0.05 were 
reported as not significant (NS) 
in the tables. The relationship be-
tween serum B12 and HoloTC was 
calculated using a local regression 
smoother [18]. All analyses were 
performed using R software [19].

Results

The results of a standard complete 
blood count (CBC) panel showed 
all subjects had normal haemato-
logical status (data not shown). 
Male subjects, approximately the 
same age as female subjects (males 
53 years old, IQR 44–61.5 vs fe-
males 51 years old, IQR 42.25–59; 
p=NS), had a higher BMI (males 
24.5, IQR 23.85–24.85 vs fe-
males 22.55, IQR 21.92–24.22; 
p<0.001) but the same NSAS total 
score (males 6, IQR 4–8 vs females 
5, IQR 4–6; p=NS). The two NSAS 
scales showed good association 
with factors known to be related to 
nutritional habits, such as BMI and 
cigarette smoking [15, 16].

Table 1 - Analytes evaluated in healthy heavy smokers

Analyte Median (IQR) Reference values
Vitamin B12 (pM) 272.2 (211.3–350.8) [16.4%]* 164–835 pM

Holotranscobalamin (pM) 58.0 (44.7–77.7) [29.5%]* >40 pM
Serum folate (nM) 12.9 (10.0–17.6) [15%]* 7–28 nM

Erythrocyte folate (nM) 441.2 (355.6–597.7) [52.5%]* 421–1462 nM
Homocysteine (μM) 10.8 (8.0–13.2) [87.0%]* 6.8–10.5 μM

Total cholesterol (mg/dl) 229.2 (205.7–260.5) [72.1%]* <200 mg/dl
HDL cholesterol (mg/dl) 51.7 (44.6–63.3) [18.0%]* >40 mg/dl

*Subjects with values higher or lower than the reference interval or cut-off value
Data are presented as median and interquartile range (IQR)

Table 2 - Analytes evaluated in healthy heavy smokers by gender

Analyte Median (IQR) Unadj. 
p value

Adj. 
p valueM F

Vitamin B12  
(pM)

252 (199–314) 310 (242–419) 0.037 0.010

Holotransco-
balamin (pM)

52.5 (42.5–76.2) 59.8 (49.8–76.0) NS NS

Serum folate 
(nM)

12.9 (9.6–16.5) 12.9 (10.2–19.8) NS NS

Erythrocyte 
folate (nM)

404 (318–529) 519 (366–602) NS NS

Homocysteine 
(μM)

11.6 (8.8–16.0) 9.0 (6.4–10.9) 0.002 0.022

Total choleste-
rol (mg/dl)

226.5 (205.6–253.5) 233.5 (208.3–260.2) NS NS

HDL choleste-
rol (mg/dl)

47.4 (41.3–54.9) 62.7 (52.7–68.2) <0.001 0.001

Data are presented as median and interquartile range (IQR) and stratified by gender. Unadju-
sted p values for the crude comparison between males and females are reported as well as 
p values for the same comparison adjusted for body mass index, age, number of cigarettes 
smoked and nutritional score. F female, M male
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24.7) indicating an ideal body weight, the NSAS 
FV questionnaire showed that only 20% of these 
subjects ate at least five servings of fruit and non-
starchy vegetables daily. Epidemiological evidence 
suggests that a deficiency in bioavailable antioxi-
dants and other micronutrients can increase the 
risk of developing pathological conditions, par-
ticularly cardiovascular disease, stroke, metabolic 
disorders and cancer [16, 20–22]. The lifestyles of 
smokers differ from those of non-smokers in that 
smokers consume fewer sources of antioxidants 
(i.e., fruit and vegetables) and therefore may have 
a lower antioxidant capacity because of their diet 
[16, 20–22]. Cigarette smoking, a well-known 
risk factor for cardiovascular disease and cancer, 
has been correlated with a lower consumption of 
fruit and vegetables [21]. In accordance with other 
authors [12, 21, 22], we found a negative corre-
lation between the number of cigarettes smoked 
and vitamin intake (data not shown). The nested 
case–control study of the European Concerted Ac-
tion Project suggested that smokers with hyperho-
mocysteinemia and reduced levels of metabolically 
related B vitamins are at greatly increased risk of 
cardiovascular disease [17].
 
All smokers in our study showed haematological 
parameters within the reference intervals, indicat-
ing the absence of anaemia; moreover, the medi-
um globular values (MCV) of all subjects were in-
side the reference interval, confirming the healthy 
levels of alcohol consumption of some smokers. 
However, alterations in vitamin status were found 
in these subjects. It is now recognized that cobala-
min deficiency is more common than previously 
thought [3–6]. In order to prevent neurological 
and/or haematological complications, it is impor-
tant to avoid B12 deficiency, which requires reli-
able methods of measurement. Other authors have 
reported that total serum B12 (tB12) concentra-
tions may not correctly indicate cobalamin status 
[4, 17]. Several recent studies have shown that 
HoloTC, the ubiquitous bio-available serum co-
balamin fraction, could be an early, sensitive and 
more reliable indicator of metabolically active B12 
status than serum tB12 concentration [4, 5, 17]. 
Preliminary clinical data suggest that tB12 and 
HoloTC provide different types of information, as 

particular, B12 levels were significantly lower in 
men than in women (p<0.05) and low cobalamin 
status was more frequently found in men than in 
women (HoloTC <40 pmol/l: men 34%, wom-
en 23%; B12 <180 pmol/l: men 17%, women 
11.5%). Hyperhomocysteinemia was more com-
mon in male (68%) than in female subjects (27%) 
and this seemed to be related to RBC-Fol concen-
trations, which were lower in men than in women, 
although not significantly so. The lipid panel was 
similarly altered in both groups, with low HDL-
Ch levels more common in men than in women. 
Correlation analysis showed weak association be-
tween HoloTC and B12 (R2=0.196; p<0.01); no 
correlation was observed between HoloTC and 
the other parameters considered. 

Discussion

The present study evaluated parameters of homo-
cysteine metabolism and the lipid panel in healthy 
middle-aged heavy smokers living in Northern 
Italy and also highlighted some gender-related dif-
ferences. Moreover, inclusion of the new HoloTC 
assay, as part of a routine clinical chemistry panel 
of tHcy status, appeared to be clinically and di-
agnostically useful. The majority of these healthy 
heavy smokers showed slightly or moderately el-
evated tHcy concentrations, indicating impaired 
Hcy metabolism and confirming other authors’ 
findings [8]. Our population demonstrated a 
modest increase in tHcy levels, and, interesting-
ly, disturbances in vitamin status correlated with 
tHcy concentration. It is unclear whether this is a 
direct effect of smoking or of an inadequate diet 
in smokers.
 
All the subjects (none of whom were vegetarian 
or vegan) followed a normal Mediterranean diet 
and consumed B12 sources such as meat, eggs and 
dairy products, as confirmed by slightly elevated 
serum tCh concentrations (median 229 mg/dl, 
IQR 206–261 mg/dl). However, the findings of 
this study confirm a lack of vitamins in otherwise 
healthy smokers. Both the Total and FV NSAS 
scales correlated with major dietary proxies (BMI, 
alcohol use and smoking status). In fact, although 
the median estimated BMI was 24 (IQR 22.4–
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general dietary intake, while s-Fol provides a good 
indication of recent dietary intake [25, 26]. Assess-
ment of both parameters, as in this and our previ-
ous studies, gives a more accurate estimate of folate 
status than relying on s-Fol alone [20, 26]. Several 
mechanisms (decreased dietary intake, reduced ab-
sorption, diminished hepatic uptake and increased 
urinary excretion) may explain folate deficiency 
in smokers [20, 21]. However, in agreement with 
the European Concerted Action Project, a possi-
ble interaction between chemical components of 
cigarette smoke and folate coenzymes could lower 
folate status and promote hyperhomocysteinemia, 
increasing the risk of cardiovascular disease [20, 
21]. In the present study, although almost all the 
smokers had adequate s-Fol levels, about 30% had 
suboptimal baseline RBC-Fol concentrations [20]. 
The important role of dietary folate or folic acid 
supplementation for our health has resulted in 
mandatory food fortification in several countries, 
including the USA and Canada. However, there is 
concern in other countries that folate fortification 
alone might not be sufficient to modify elevated 
tHcy, as adequate B12 status is also required for 
good health [24]. Our population showed median 
levels of both s-Fol and RBC-Fol within the rel-
evant reference intervals, but interestingly more 
than 50% of subjects, independently of gender, 
had RBC-Fol concentrations below the reference 
interval, indicating a general lack of folate in the 
diets of smokers. When considered separately, low 
RBC-Fol concentrations were more common in 
male than in female subjects, possibly explaining 
the higher frequency of hyperhomocysteinemia in 
men than in women (Table 2). Finally, adequate 
folate and vitamin B12 levels are essential for cel-
lular metabolism, with insufficiency associated 
with several disorders [20–25].
In the present study, moderate dyslipidemia was 
present in most subjects. Comparisons between 
men and women, both crude and adjusted for 
BMI, age, number of cigarettes smoked and nu-
tritional score, showed that the frequency of in-
creased tCh concentrations was very similar in the 
two groups. However, HDL-Ch concentrations 
were significantly lower in men than in women 
and low HDL-Ch levels were more common in 
male than in female subjects. 

B12 variability is mostly independent of HoloTC 
[23, 24]. It is important to note that in the present 
study only a weak correlation was found between 
HoloTC and B12: not all cases of low HoloTC 
levels showed low B12 levels nor did all cases of 
low B12 show low HoloTC levels (only seven cases 
(11.5%) had low HoloTC and B12 levels). This 
study indicates that HoloTC concentrations are 
mostly independent of serum cobalamin values, 
even though the latter remain the current clinical 
standard to evaluate B12 status. Measurement of 
both HoloTC and total serum cobalamin together 
provides better screening for B12 deficiency than 
either assay alone [17], especially in cases of sus-
pected and/or subclinical B12 deficiency in other-
wise healthy subjects at risk because of inadequate 
nutrition and/or unhealthy lifestyle. 
Interestingly, in this study the significant differenc-
es between men and women’s tHcy concentrations 
and B12 status were confirmed in both unadjust-
ed and adjusted statistical analyses. In particular, 
moderate hyperhomocysteinemia together with 
cobalamin deficiency was more common in men 
than in women. Therefore, our results support the 
monitoring of Hcy metabolism in order to evalu-
ate early vitamin deficiency.
The diagnostic accuracy of HoloTC and total se-
rum cobalamin measurements for screening for 
B12 deficiency are probably equal. Analysing the 
metabolic markers of cobalamin status, Miller et 
al. proposed a graded predictive classification sys-
tem for vitamin deficiency (probable, possible and 
unlikely). The most important category was ‘pos-
sible deficiency’ (either tB12 or HoloTC concen-
trations being low) in which the measurement of 
both parameters would help identify subjects at 
greater risk [17]. This classification may well be 
used by physicians to plan further diagnostic test-
ing and/or treatment and, in some cases, to avoid 
over-treatment.
A reduction in plasma tHcy concentrations due to 
short-term folic acid supplementation has been ob-
served in chronic smokers [20]. Folates, along with 
B12, are necessary for correct cellular metabolism. 
Insufficient folate status can result in several disor-
ders in humans including anaemia, birth defects, 
psychiatric disorders and cancer [24, 25]. RBC-Fol 
is a reliable indicator of long-term folate status and 
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of a juice powder concentrate rich in exogenous 
macromolecular antioxidants) may have beneficial 
effects on parameters related to gastrointestinal 
health as well as systemic effects, especially in re-
lation to cardiometabolic alterations [20–22, 30]. 
Moreover, moderate consumption of red wine is 
associated with a lower risk of cardiovascular dis-
ease (increased HDL levels, better sensitivity to in-
sulin, improvements in factors influencing blood 
clotting), the well-known ‘French paradox’. 
However, standard dosages of vitamins and/or 
nutraceuticals supplementation have not been 
defined, so doses should be calculated according 
to each patient’s observed deficit, co-morbidities 
and preventive/therapeutic targets. Moreover, 
coadministration should be carefully managed in 
light of possible antioxidant synergy so that the 
benefits far outweigh any potential side effects. In 
conclusion, the present pilot study confirms the 
diagnostic value of homocysteine and lipid panels 
when evaluating cardiovascular risk in asympto-
matic and seemingly healthy heavy smokers with 
no evidence of total vitamin B12 deficiency but 
with clear signs of gender-related unbalanced Hcy 
metabolism and an impaired total lipid profile.
Finally, use of homocysteine and lipid panels can 
facilitate the early detection of subjects likely to 
develop disease who could benefit from early anti-
oxidant treatment supplied by tailored nutraceuti-
cal supplements. 
These interesting results may prompt us to carry 
out further studies on a larger population to con-
firm these preliminary findings. 
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