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Abstract
Background/Aims: Association between cigarette smoke and albuminuria (UA) was already 
demonstrated in cross-sectional studies and in selected population samples (i.e diabetic 
patients). This study aims to evaluate, prospectively, the relationship between cigarette smoke 
and UA in a male adult population sample, with basal normal kidney function, participating in 
the Olivetti Heart Study (OHS). Methods: Among 994 participants, examined in both 1994-95 
and 2002-04, were selected those resulted in both visits smokers (n=221) and non-smokers 
(n=416) and with basal normal kidney function (GFR> 60 mL/min) and basal albumin/creatinine 
ratio (ACR<30 mg/g). Results: At baseline, the prevalence of hypertension was 41%, diabetes 
affected 6.3% and obesity 17% of the whole sample. Smokers showed statistically significant 
lower levels of systolic (SBP) and diastolic blood pressure (DBP) and BMI (p<0.001) compared 
to non-smokers. There were not basal differences in UA, GFR and metabolic profile. However, 
at follow-up examination, smokers showed a statistically significant increase in SBP and DBP 
(p<0.05), but not in GFR and BMI. Moreover, smokers showed a higher risk compared to 
non-smokers to be in the higher median levels group of UA (OR: 2.17, C.I.95%: 1.51-3.13; p 
<0.001), even after correction for major confounding factors. Further adjustment for basal 
antihypertensive and hypoglycemic treatment did not change these patterns of association. 
Conclusion: In a selected male adult population sample, cigarette smoke was independently 
associated with the development of higher levels of albuminuria over time.
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Introduction

Despite the progress achieved with programmes to reduce cigarette smoking 
consumption, such as the adoption of the WHO Framework Convention on Tobacco Control 
(FCTC) in 2003 [1], in 2015, 11.5% of global deaths, about 6.4 million, were imputable to 
smoking [2].

Overall, in 2015, cardiovascular disease (CVD) was one of the three leading causes plus 
cancers and chronic respiratory disease, of smoking-attributable disease burden for both 
sexes respectively 41%, 28% and 20% [2].

Among the different mechanisms proposed to explain the harmful effect of cigarette 
smoking on cardiovascular system, only few studies evaluated the effects on kidney function, 
and only in selected population groups, such as patients with diabetes mellitus or primary 
kidney diseases like polycystic kidney disease, glomerulonephritis and lupus nephritis, or, 
recently, in patients with atherosclerotic renal artery stenosis [3].

Moreover, epidemiologic studies proved that cigarette smoking is associated with an 
increased risk of chronic kidney disease progression and kidney failure in patients affected 
by diabetes and hypertension [4-5].

Regarding the mechanisms underlying the relation between cigarette smoking and 
impaired renal function, an increased rate of transition from microalbuminuria to persistent 
proteinuria, leading to the progression to end stage renal disease [6] and an impaired 
vasodilatory responsiveness of intrarenal arteries [7], were demonstrated in diabetic 
patients. Recently, Ohkuma et al. demonstrated a dose and time dependent relation between 
cigarette smoking and increase of chronic kidney disease (CKD) incidence and urinary 
albumin–creatinine ratio, in patients with type 2 diabetes [8].

Furthermore, a recent meta-analysis based on 15 prospective cohorts and including 
more than 65.000 incident CKD patients, suggests a role of smoking on the incidence and 
progression of CKD, independently of the underlying disease, but, interestingly, there was no 
association between smoking and proteinuria [9].

Considering the lack of information about the effect of cigarette smoking, in general 
population,  on the risk to develop a subclinical kidney damage, such as the increase of 
albuminuria, the aim of this analysis was to evaluate the relationship between cigarette 
smoking and albuminuria in a adult male population sample with normal basal kidney 
function after a mean follow-up of about 8 years, participating in the “Olivetti Heart Study”.

Materials and Methods

Study population
The OHS protocol has been described previously [10-11].
The OHS population derived from the male workforce of the Olivetti factories of Pozzuoli (Naples) and 

Marcianise (Caserta). One thousand seventy nine subjects were seen at baseline examination between May 
1994 and December 1995. Participants with basal glomerular filtration rate (GFR) more than 60 ml/min 
and urinary albumin/creatinine ratio less than 30 mg/g were included in the analysis. In order to investigate 
the influence of cigarette smoking we selected only participants who were smokers, independently of the 
number of smoked cigarettes per day, that could have changed during time, and never smokers in both basal 
and final visit (ex smokers at both baseline and follow-up were excluded). Finally, six hundred thirty-seven 
participants, with a basal normal kidney function and a complete database for anthropometric measures, 
renal parameters and information regarding smoking habits at both basal and final examination, conducted 
between November 2002 and May 2004, after an average time of 7.6 yrs (range: 5 to 10 yrs) were included 
in the analysis.

The study was approved by the local Ethics Committee and participants gave their informed consent 
to participate.

http://dx.doi.org/10.1159%2F00049830
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Procedures
In both visits, at baseline and follow-up, the participants underwent the following procedures.
They were seen in the morning, in a quiet and comfortable environment, while fasting for at least 13 h. 

We obtained anthropometric measurements, collected a blood sample, and administered a fixed-sequence 
questionnaire about the subject’s medical history and smoking behaviours.

Body weight and height were measured on a standard beam balance scale. Body weight was measured 
to the nearest 0.1 kg and height was measured to the nearest cm.

The body mass index (BMI) was calculated as weight in kilograms divided by the square of the height 
in meters.  The measurements were performed with a flexible, non-extendable plastic tape to the nearest 
1.0 cm. Both anthropometric and blood pressure measurements were performed by professional operators 
who had attended training sessions for standardization of the procedures.

Systolic and diastolic (phase V) BP were taken three times, 2 min apart, with a random zero 
sphygmomanometer (Gelman Hawksley Ltd, Sussex, UK) after the subject had been sitting upright for at 
least 10 min. The first reading was discarded, and the average of the second and third reading was used for 
systolic and diastolic BP. Hypertension was diagnosed if the participants had a systolic

BP of 140 or a diastolic pressure of 90 mmHg or higher, or they reported being on a regular 
antihypertensive regimen.

A fasting venous blood sample was collected and the blood specimens were immediately centrifuged 
and stored at - 70°C until analysed. Serum glucose was measured by automated methods (Cobas- Mira, 
Roche, Milan, Italy).

Protocol for the study of renal parameters
Baseline. The day before the examination, participants consumed their evening meal at no later than 

19:00 h. On the morning of the study, after having first voided, discarded overnight urine and consuming 400 
ml of water, they produced a fasting timed urine collection. The urine was collected during an average time 
of 235 min (range 40-450 minutes). The collection time and volume were recorded, and a specimen was 
used for the analysis. At the mid-point of the urine collection, a blood sample was obtained by venipuncture 
with the subject in the seated position and without stasis. Creatinine in serum and urine samples were 
measured by the picric acid colorimetric method. Albumin (mg)/Creatinine(g) Ratio (ACR) was calculated 
and a basal ACR lower than 30 mg/g was used to select participants with normal albuminuria excretion. The 
Cockcroft-Gault formula was used at baseline to estimate the renal clearance.

Follow-up examination. A 24-h urine collection was obtained. On the day before the visit, participants 
were instructed to discard the first urine of the morning of the collection and to save all urines voided for the 
following 24 h. Urine was collected in polypropylene bottles, and delivered to the laboratory for immediate 
storage of the samples at −70°C. Serum and urinary creatinine were assessed by the picric acid colorimetric 
method (Jaffe`) using a Cobas-Mira analyzer. Urinary albumin (UA) concentration was measured by an 
immunoturbidimetric assay (Horiba ABX Diagnostics, Rome, Italy) using a Cobas-Mira analyser (Roche 
Instrument Center, Rotkreuz, Switzerland). According to the manufacturer’s instructions to measure the 24 
h albumin amount excreted (mg/24 h) and to calculate the ACR: According to ADA12, we defined micro and 
macro albuminuria with an ACR between 30 mg/g and 300 mg/g and greater than 300 mg/g respectively. 
In addition, we also considered microalbuminuria with an albumin excretion between 30 and 300 mg/24 h 
and macroalbuminuria more than 300 mg/24 h.

Statistical analysis
Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS-PC version 

11; SPSS Inc., Chicago, Illinois, USA). Analysis of variance (ANOVA) was used to assess differences between 
group means when variables were normally distributed. When the variables distribution deviated 
significantly from normality, they were normalized by log transformation and log-transformed values 
were used in the analysis. The Mann–Whitney U test was used to evaluate statistical differences between 
groups when the variables were not normal distributed.  The results were expressed as means and range 
or 95% confidence intervals (C.I.) unless otherwise indicated. Two-sided p values < 0.05 were considered 
statistically significant.

http://dx.doi.org/10.1159%2F00049830
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Differences in the prevalence 
of categorical cardiometabolic risk 
factors between smokers and non-
smokers participants were tested by 
Chi-square.

Binary logistic regression 
analysis, using as dependent variable 
to be in the upper or lower median UA 
or ACR levels group at follow-up and 
basal selected anthropometric and 
biochemical variables as independent 
factors, was made to identify the 
potential predictors of UA and ACR 
at follow-up. To allow a comparative 
evaluation of the effects of the different factors on the risk to be in the higher median of UA or ACR group, Z 
scores were calculated for each factor and used for the analysis. Nagelkerke R square was used to estimate 
the percent of variance in the dependent variable explained by the independent factors. The goodness-of-fit 
of the final model was evaluated by the Hosmer–Lemeshow test.

Results

At baseline, mean age of 637 participants included in the analysis was 51.0 years 
(range 26-74), of them the 35% (n=221) resulted current smokers (CS) whereas the 65% 
(n=416) were never-smokers (NS) at both baseline and follow-up. At first examination, there 
were not statistically significant age difference between CS and NS. Systolic, diastolic and 
pulse pressure were lower (p<0.05) in CS compared to NS as the BMI, while there were 
not differences in GFR and ACR. CS showed at both examinations a statistically significant 
lower urinary volume compared to NS. Detailed characteristics of the study population at 
both baseline and follow-up examination according to smoke behaviours were reported in      
Table 1.

Table 1. Anthropometric characteristics of study population according to cigarette smoking status. Mean 
(95% C.I.); p from ANOVA for normal distributed variables and from a *Mann–Whitney U for not normal 
distributed variables; SBP: systolic blood pressure, DBP: diastolic blood pressure; GFR: glomerular filtration 
rate; UA: urinary albuminuria ; ACR: albumin /creatinine ratio

Table 2. Mean change from baseline to follow-up examination 
in selected variables between smokers and non-smokers. Mean 
(95% C.I.); p from ANOVA for normal distributed variables and 
from a *Mann–Whitney U for not normal distributed variables

△

△

△

△

△
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The prevalence of 
hypertension and obesity 
between CS and NS were 
respectively 29% vs 47% 
(p<0.001) and 12% vs 19% 
(p<0.001).

At follow-up examination, 
ACR was significantly 
increased in comparison with 
baseline of 7.5 mg/g (95%CI: 
4.8 to 10.2 mg/g; p<0.001) 
and 44 subjects (7%) were 
classified in the range of 
microalbuminuria. Both ACR 
and UA resulted higher in CS 
(p<0.005) compared to NS. GFR 
and systolic blood pressure 
did not show any statistically 
significant difference between 
CS and NS. However as 
shown in Table 2, CS showed 
a statistically significant increase 
of both systolic and diastolic 
blood pressure levels during 
time compared to NS  (p<0.05). 
Otherwise, pulse pressure, BMI 
and GFR did not significantly 
change according to smoke habits. 
The prevalence of diabetes raised 
from 6.3% to 11.6% in the whole 
population during the follow-
up time, but we did not find any 
statistically significant difference in 
the prevalence of diabetes between 
CS and NS at baseline and follow-up 
examination.

In order to study the 
determinants of the urinary 
albumin excretion in this sample of 

Table 3. Differences at baseline in selected variables according to final 24 h urinary albuminuria median 
and albumin/creatinine ratio median. Mean (95% C.I.); p from ANOVA for normal distributed variables and 
from a *Mann–Whitney U for not normal distributed variables; SBP: systolic blood pressure, DBP: diastolic 
blood pressure; GFR: glomerular filtration rate; UA: urinary albuminuria; ACR: albumin/creatinine ratio

 

Table 4. Differences at follow-up in selected variables according 
to final 24 hours urinary albuminuria median. Mean (95% C.I.); p 
from ANOVA for normal distributed variables and from a *Mann–
Whitney U for not normal distributed variables SBP: systolic blood 
pressure, DBP: diastolic blood pressure; GFR: glomerular filtration 
rate; UA: urinary albuminuria; ACR: albumin /creatinine ratio

 

Table 5. Differences in variables at follow-up according to 
final albumin /creatinine ratio median. Mean (95% C.I.); p 
from ANOVA for normal distributed variables and from a 
*Mann–Whitney U for not normal distributed variables; SBP: 
systolic blood pressure, DBP: diastolic blood pressure; GFR: 
glomerular filtration rate; UA: urinary albuminuria; ACR: 
albumin /creatinine ratio
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population, participants were divided in two 
subgroups according to median value of 24 h 
UA and of ACR at follow-up. Table 3 shows the 
baseline characteristics according to the final 
median group of UA and ACR. In both analysis, 
participants who resulted at follow-up 
examination in the higher UA or ACR groups 
were, at baseline, older, with higher BMI, 
systolic, diastolic and pulse blood pressure, 
serum glucose and ACR (p<0.05). In addition, 
also the prevalence of hypertension, diabetes 
and obesity was statistically higher among 
the participants in the upper median UA and 
ACR groups at follow-up. These relations were 
also confirmed at follow-up examination (see 
Table 4-6).

Fig. 1 shows the percentage of participants 
in the upper median levels of UA and ACR 
according to smoke status. The prevalence of 
CS in the upper median albuminuria and ACR 
levels group was higher than NS (p<0.05). 
Finally, binary logistic regression analysis, 
using ACR (high vs low median) at follow-up 
as dependent variable, shows that the risk 
to be in the upper median ACR group in CS 
was statistically higher than in NS (OR: 2.10, 
95%CI: 1.45 to 3.04; p<0.001). Also including 
in the model the follow covariates: age, systolic 
blood pressure, serum glucose, temporized 
urine volume and basal ACR, (Table 7). A 
similar result was found using the same model with UA (high vs low median) at follow-up 
as dependent variable (OR: 2.28, 95% CI: 1.57 to 3.29; p<0.001) (Table 7). The adjustment 
for basal antihypertensive and hypoglycemic treatment did not change these patterns of 
association between smoke and UA or ACR. Both models explained about 18% (Nagelkerke 
R Square = 0.183) of the overall risk to follow in the high ACR or UA median group at follow-
up.

Discussion

This is the first study in which the influence of smoking on renal function was investigated 
in subjects with normal renal function. In this sample of Italian adult male population, 
after 8 years of follow-up, CS show a greater risk to develop higher level of both 24 h UA 
excretion and ACR, compared to NS. This relation is independent from other well-known 

Table 6. Final prevalence of hypertension, diabetes and obesity according to Urinary albuminuria (AU) and 
Albumin excretion ratio (ACR) median group at follow-up examination

 

Fig. 1. Percentage of participants in the upper 
median levels of UA at follow-up examination 
according to smoke status

26 
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risk factors such as hypertension, diabetes and obesity and in agreement with the previous 
demonstration, in the same study population, that smoking cessation was associated with 
lower blood pressure increment and minor hypertension risk [13].

This relation was so far evaluated only in selected groups of population, such as patients 
affected by diabetes mellitus, primary kidney disease [3] or hypertension [4]. Our data 
indicated, for the first time, that in subjects without evidence of initial renal damage, i.e. with 
an ACR<30, the amount of albumin lost during the time in the urine is smoking dependent. 
It is important to note that the groups with higher ACR or albuminuria at follow-up have a 
cardiovascular risk profile significantly higher than subjects with values below the median.

In agreement with our results, many studies showed that the relationship between 
albuminuria and adverse outcomes usually becomes evident for increasing albuminuria even 
in the limit of normoalbuminuria [14].  However, albuminuria is also a risk factor for CVD 
in people with and without diabetes [15]. Among possible mechanisms, an early smoking-
associated glomerular hyperfiltration [8], due to alterations in kidney hemodynamics, blood 
pressure and impairment of kidney microvasculature [16], associated to a subsequently 
renal dysfunction was hypothesized.

In particular, it was proposed that the effects of cigarette smoking on kidney were 
linked to the extension of atherosclerosis to renal microvasculature [17], through a vascular 
endothelial cell damage due to the increase in oxidative stress and activation of leukocytes, 
that results in increased release of inflammatory cytokines, promoting the action of matrix 
metalloproteinase, activating platelet aggregation, increasing plasma fibrinogen, augmenting 
clot strength, and reducing fibrinolytic capacity [18].

Another proposed link between cigarette smoking and renal damage is cadmium, found 
four times higher in blood of smokers compared to non-smokers [19].

Cadmium is an environmental pollutant absorbed into the body, even if not exclusively, 
by cigarette smoking, with a slow excretion rate due to renal reabsorption [20]. Among the 
pathologic effects, chronic low level exposures to cadmium, that exhibit extensive half-life 
(30 years), can cause nephrotoxicity leading to proteinuria, calciuria, glycosuria, and tubular 
necrosis [19].

Among the effect of smoke on renal hemodynamics, a significant increase of mean 
arterial pressure accompanied by a significant increase in arginine  vasopressin (VP) was 
previously reported in healthy and nephropathic patients [21]. In particular, VP is secreted 
by pituitary gland as a response to increased serum osmolality and V2 receptor mediated 
action was associated to development of albuminuria in rats and human [22-23].

Table 7. Binary logistic regression analysis considering the risk to be in upper median level of ACR or 
albuminuria as dependent variable and z-score of age, SBP, glucose, BMI and ACR at baseline as dependent 
factors (n=637)

 

–

–
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Cigarette smoking could increase through nicotine-mediated mechanisms the release 
of VP by stimulation of central cholinergic projections to hypothalamus [24]. It was 
demonstrated, however, that low-rate nicotine infusion, not able to induce nausea, vomiting 
or decrease in blood pressure, does not induce vasopressin release, as instead happens 
with smoking, suggesting an airway-related mechanism [25]. Furthermore, elevated serum 
copeptin, the C-terminal fragment of the vasopressin pro-hormone, is linked to an increased 
risk of developing albuminuria, independently of incident diabetes and hypertension 
[26]; current smoking is associated with higher serum copeptin [27]. According to the 
VP hypothesis, our data confirmed that CS showed a significantly lower urinary volume 
compared to NS at baseline and follow-up (see Table 1).

The limitation of this study are largely due to its nature of epidemiological investigation 
and our results are generalizable only to a comparable white adult male population.

Several studies showed that the risk of renal impairment associated with smoking 
was higher in men compared to women despite the different origin of study population 
(patients with primary renal disease or type 1 diabetic nephropathy) [28]. Then, the lack 
of women could have influenced our results; however the findings of this analysis, also if 
not generalizable to the whole population, are certainly interesting as regards the male 
population.

At baseline, the lack of a 24 h urine collection led to the use of a surrogate formula such 
as the Cockcroft-Gault (CG) formula to define the population with normal renal function. 
However, CG formula is considered of interest in screening declining renal function in subjects 
with normal serum creatinine (SC) in order to investigate sample of population at risk [29]. 
Moreover, CG predicts mortality better than the CKD-EPI and MDRD in a recent study aiming 
to assess 1-year mortality prediction in patients with heart failure and concomitant atrial 
fibrillation [30].

Some concerns about this analysis could be due to the use of median to discriminate 
patients with higher albuminuria levels at follow-up and not of the range of values 
generally used to define pathological albuminuria (such as those proposed by ADA [12]), 
but we aim to demonstrate, in a population with basal normal kidney function and without 
microalbuminuria, the role of cigarette smoking in development of a preclinical renal 
damage. Furthermore, also if cut-off identified by ACR or albuminuria median falls in the 
normal range, the groups in the upper median part were able to identify participants with 
a statistically significant higher prevalence of cardiovascular risk factors. In agreement 
with our results, many studies showed that the relationship between albuminuria and 
adverse outcomes usually becomes evident for increasing albuminuria even in the limit of 
normoalbuminuria [14]. However, albuminuria is also a risk factor for CVD in both people 
with and without diabetes [15]. Despite the adjustment for all the others well known 
cardiovascular risk factors, smoke remains an independent predictor of ACR and UA.

Conclusion

This analysis shows that in a selected sample of male adult population with normal 
kidney function and without microalbuminuria, cigarettes smoking was independently 
associated with the development of higher albuminuria levels during time.	
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