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The differential effect of cigarette smoking on
glomerular filtration rate and proteinuria in an
apparently healthy population

Hyung-Jin Yoon1,2, Minseon Park3, Hyeongseok Yoon2, Ki-Young Son3, BeLong Cho3 and Suhnggwon Kim4

The detrimental effects of cigarette smoking on the kidney in healthy individuals without established renal diseases have not

been established. We evaluated the effects of smoking on renal function and proteinuria in 35288 apparently healthy

participants who were not on antihypertensive and/or antidiabetic medication and who had undergone a health examination at

the Health Promotion Center, Seoul National University Hospital from 1995 to 2006. Renal function was estimated using the

simplified Modification of Diet in Renal Disease Study equation for estimated glomerular filtration rate (eGFR), and proteinuria

was determined by the spot urine dipstick test. Adjusted eGFR was higher in current smokers (mean±s.e.m., 79.3±0.1

mlmin�1) than in ex-smokers (77.3±0.2mlmin�1, Po0.001) and non-smokers (77.7±0.1mlmin�1, Po0.001). The adjusted

eGFR of smokers who smoked 420 cigarettes per day were higher than that of individuals who smoked p20 cigarettes per day

(Po0.001). In participants with an eGFR of o50mlmin�1, current smoking (38.3±1.9mlmin�1) and past smoking

(39.5±1.9mlmin�1) were associated with significantly lower eGFR values than non-smoking (45.1±1.2mlmin�1; P¼0.007

and P¼0.027, respectively). Current smoking was associated with a higher risk of proteinuria (urine dipstick for albuminuria

X1+) than non-smoking (odds ratio¼1.380, Po0.001). In conclusion, cigarette smoking is associated with a higher eGFR in

the general population, whereas it might reduce eGFR in a small subset of the population and increase the risk of proteinuria.

These subsets should be better defined to prevent chronic kidney diseases related to smoking in the general population.
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INTRODUCTION

Chronic kidney disease (CKD) is a risk factor not only for end-stage
renal disease but also for cardiovascular diseases,1 and has
been documented to be associated with increased cardiovascular2

and all-cause mortality.1–3 The risk factors of CKD are of major
concern, because the prevalence of CKD is rapidly increasing,
especially in developing countries.4 This increased prevalence of
CKD is matched by similar increases in the prevalence of risk factors
for CKD, such as diabetes, hypertension, obesity and an age greater
than 60 years.5

Smoking is a well-known risk factor for many serious diseases,
including pulmonary, cardiovascular and neurologic diseases,6 and
there is much experimental evidence to show that cigarette smoking
induces renal damage.7–9 The detrimental effect of smoking on
established renal diseases is relatively well documented, but its effects
on the glomerular filtration rate (GFR) and the risk for proteinuria
remain controversial, especially in the general population. Some

reported that cigarette smoking was associated with a decreased
GFR,10–12 whereas others concluded that GFR was significantly higher
in current smokers than in non-smokers or ex-smokers.13,14 On the
other hand, Zhang et al.15 reported that GFR in smokers was not
significantly different from that in non-smokers or ex-smokers.

In addition, cigarette smoking was shown to increase the risk of
proteinuria (an established predictor of a decreased renal function) in
the general population,16–19 though not all studies agreed.15 The
discrepancy between the reports on the effects of smoking on GFR
and proteinuria is not clearly explained.

In this study, we examined the effects of cigarette smoking on renal
function and albuminuria in 35 288 apparently healthy participants
who were not on antihypertensive and/or antidiabetic medication, and
we investigated whether the association between smoking status
and GFR was modified by the renal functional status, sex, age,
blood pressure (BP), fasting serum glucose, degree of obesity and
albuminuria.
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METHODS

Participants
Between March 1995 and May 2006, 49 038 participants, aged over 20 years,

underwent comprehensive health examinations, including cancer, diabetes and

hypertension screening, at the Health Promotion Center, Seoul National

University Hospital. A total of 13 750 participants with incomplete records or

who were being treated for diabetes or hypertension at the time of the

evaluation were excluded. Finally, a total of 35 288 participants were included

in the analysis. The Seoul National University Hospital institutional review

board approved the study protocol.

Baseline measurements
Information on medication for diabetes or hypertension at the time of

examination, smoking status, alcohol consumption and exercise was obtained

using a structured self-reporting questionnaire, and validated by trained nurses.

Smoking status was classified into three categories; smoker, ex-smoker and

non-smoker. Participants who smoked at least one cigarette per day at the time

of the health examination were classified as smokers. For smokers, daily

numbers of cigarettes smoked were determined, and they were then divided

into two subgroups: light smokers p20 cigarettes per day and heavy smokers

420 cigarettes per day. Participants who reported that they did not smoke at

the time of examination, but had smoked earlier were classified as ex-smokers.

Non-smokers were defined as those who had never smoked. History of alcohol

consumption was classified based on the average number of times per week

they had consumed alcohol during the month before screening. Regular

drinkers were defined as those who drank alcoholic beverages at least once a

week. Regular exercise was defined as an exercise lasting more than 30 min, at

least three times a week.

Height and weight were measured after an overnight fast, with participants

wearing a lightweight gown. Body mass index (BMI) was calculated by dividing

weight (kg) by height (m) squared. BP was measured using an automated

BP-measuring device (Jawon, Pusan, Korea) after resting, for at least 20 min, in

a sitting position. High BP was defined as a systolic BPX130 mm Hg or

a diastolic BPX85 mm Hg. Blood samples were drawn after an overnight fast.

Serum creatinine was measured using the Jaffe kinetic method (Toshiba 200FR

Autoanalyzer, Japan). Within-run and total coefficients of variation for

creatinine determinations were no greater than 3% during the study period.

The test was conducted in a clinical laboratory, which was inspected and

surveyed annually by the Korean Association of Quality Assurance for Clinical

Laboratories.

Urine albumin was determined semiquantitatively by single spot urine

dipstick analysis (URiSCAN Urine Strip; YD Diagnostics, Yong-In, Korea).

Dipstick urinalysis was performed on midstream urine samples collected in the

morning. Urine albumin amounts were reported as grades, that is, absent, trace,

1+, 2+, 3+ and 4+, and albuminuria was defined as grade 1+ or greater. GFRs

were estimated using the simplified Modification of Diet in Renal Disease Study

equation.20

Statistical analysis
All statistical analyses were carried out using SPSS version 13.0. Distributions of

participant characteristics by smoking status and sex were compared by one-

way analysis of variance for continuous variables, and by the w2 test for

categorical variables. The effects of smoking status on eGFR were evaluated

by multivariate linear regression analysis after adjusting for potential con-

founders, which included age, sex, systolic BP, diastolic BP, BMI, fasting serum

glucose and serum total cholesterol. The effects of smoking on discrete

dependent variables, such as decreased eGFR (o60 ml min�1), albuminuria

and high BP, were evaluated using multivariate logistic regression analysis. In

addition, stratified analyses were performed with respect to eGFR (o50 or

X50 ml min�1), sex, age (p55 years or 455 years), BP (o130/85 or X130/

85 mm Hg), BMI (p25 or 425 kg/m2), fasting serum glucose (p100 or

4100 mg per 100 ml) and albuminuria (a urine dipstick finding of negative/

trace or X1+) to examine the possible differential effects of smoking on eGFR.

Probability levels of lower than 0.05 were considered statistically significant

based on a two-sided test.

RESULTS

The characteristics of the study participants are shown in Table 1. Of
the 17 985 men, 8782 (48.8%) were smokers, 5821 (32.4%) were ex-
smokers and 3382 (18.8%) were non-smokers. The proportions of
smokers (904/17 303, 5.2%) and ex-smokers (495/17 303, 2.9%)
among women were considerably lower. Age, BMI, glucose, regular
exercise and lipid profiles showed a linear trend in both men and
women across the smoking status.

Systolic BP was lower in smokers than in non-smokers and ex-
smokers (125.3±18.5 vs 130.9±19.4 and 131.8±18.7 mm Hg, respec-
tively, in men; 116.6±18.6 vs 126.7±20.3 and 120.8±21.0 mm Hg,
respectively, in women). The pattern of association between diastolic
BP and smoking status was similar to that between systolic BP and
smoking status. The prevalence of high BP (systolic BP X130 mm Hg
or diastolic BP X85 mm Hg) was lower in smokers than in non-
smokers and in ex-smokers for both sexes (42.2 vs 54.5 and 57.0%,
respectively, in men; 22.6 vs 42.7 and 29.4%, respectively, in women).

Unadjusted eGFR was higher in smokers than in non-smokers and
in ex-smokers for both sexes (79.7±12.3 vs 77.1±11.7 and
76.4±12.0 ml min�1, respectively, in men; 79.9±13.3 vs 77.9±13.0
and 79.2±14.6 ml min�1, respectively, in women). In men, the pre-
valence of a decreased eGFR (eGFR o60 ml min�1) was significantly
lower in smokers than in non-smokers and in ex-smokers (3.1 vs 5.0
and 5.6%, respectively, in men); however, this association was not
significant in women (3.7 vs 5.4 and 6.1%, respectively, in women).
The prevalence of albuminuria in smokers, non-smokers and ex-
smokers were 5.2, 4.6 and 4.1%, in men, and 4.4, 2.4 and 2.1%, in
women, respectively, and there was significantly increased prevalence
of albuminuria in smokers than in non-smokers and in ex-smokers
(P¼0.006 in men, P¼0.001 in women).

The risk of a decreased eGFR (eGFR o60 ml min�1) was not
significantly different between non-smokers and ex-smokers, as
shown in Table 2. The odds ratio (OR) (95% confidence interval,
CI) of heavy smokers who smoke more than 20 cigarettes per day was
0.733 (0.598–0.899) and that of light smokers who smoke 20 cigarettes
per day or less was 0.763 (0.617–0.943). The dose–response relation-
ship between a decreased GFR and the smoking status was observed
only in men (P-value for trend¼0.002).

Multiple linear regression analysis using a general linear model
showed that the means (±s.e.m.) of eGFRs of non-smokers, ex-
smokers, light smokers and heavy smokers were 77.7±0.1, 77.3±0.2,
78.8±0.2 and 79.8±0.2 ml min�1, respectively, and that of the eGFRs
of light and heavy smokers were significantly higher than those of
non-smokers and ex-smokers (Po0.001 for each comparisons) as
shown in Figure 1, and that the eGFR of heavy smokers was
significantly higher than that of light smokers (Po0.001), after
adjusting for age, sex, BMI, systolic and diastolic BP, fasting serum
glucose and serum total cholesterol. However, the eGFRs of non-
smokers and ex-smokers were not significantly different (P¼0.108) in
Figure 1.

Subgroup analyses were performed according to eGFR (o50 or
X50 ml min�1), sex, age (p55 years or 455 years), BP (o130/85 or
X130/85 mm Hg), fasting serum glucose (p100 or 4100 mg per
100 ml), BMI (o25 or X25 kg/m2) and the presence of albuminuria
(a urine dipstick finding of negative/trace or X1+). In the subgroup
with an eGFR o50 ml min�1, the means (±s.e.m.) of the eGFRs of
smokers, ex-smokers and non-smokers were 38.3±1.9, 39.5±1.9 and
45.1±1.2 ml min�1, respectively. The eGFRs of smokers and
ex-smokers were significantly lower than those of non-smokers
(P-value for smokers vs non-smokers¼0.007 and P-value for
ex-smokers vs non-smokers¼0.027, Figure 2), but no significant
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difference was observed between the eGFRs of smokers and ex-
smokers (P¼0.651, Figure 2). The eGFRs of smokers were significantly
higher than those of ex-smokers and non-smokers in all subgroups of
age, BP, fasting serum glucose and BMI, whereas the eGFR was not
significantly different across the smoking status in participants with
albuminuria (data not shown).

Current cigarette smoking was found to be associated with an
increased risk of albuminuria, and the ORs (95% CI) of albuminuria
of light and heavy smokers were 1.325 (1.079–1.627) and 1.425
(1.174–1.729), but this was not the case for ex-smokers (OR 0.947,
95% CI: 0.779–1.152), after adjusting for age, sex, systolic and diastolic
BP, BMI, fasting serum glucose, serum total cholesterol, serum
triglyceride and serum HDL cholesterol (Table 3). Systolic and
diastolic BPs were lower in smokers than in non-smokers and ex-
smokers in both sexes, as shown in Table 1. The ORs (95% CIs) for
high BP were 0.908 (0.838–0.984) for ex-smokers, 0.636 (0.582–0.695)
for light smokers and 0.600 (0.551–0.653) for heavy smokers. A lower
risk of high BP was also observed in smokers of both sexes (OR 0.657,
95% CI: 0.593–0.728 in light smoking men, OR 0.605, 95% CI: 0.551–
0.663 in heavy smoking men; OR 0.530, 95% CI: 0.431–0.652 in light
smoking women, OR 0.546, 95% CI: 0.381–0.785 in heavy smoking
women) in Table 4.

DISCUSSION

In this study, it was observed that smokers had higher eGFR and a
lower risk of an eGFR of o60 ml min�1 than did ex-smokers and non-

Table 1 General characteristics of the study subjects

Men Women

Non-smoker Ex-smoker Smoker Total P-valuea Non-smoker Ex-smoker Smoker Total P-value a

% (n) 18.8 (3382) 32.4 (5821) 48.8 (8782) 100 (17 985) 91.9 (15 904) 2.9 (495) 5.2 (904) 100 (17303)

Age (years) 54.5±11.6 56.2±10.7 51.6±10.7 53.6±11.1 o0.001 54.7±10.3 50.0±13.6 50.1±11.3 54.3±10.5 o0.001

Regular exercise 43.4% 47.4% 26.4% 36.4% o0.001 33.2% 29.5% 21.2% 32.5% o0.001

Regular alcohol intake 58.4% 70.3% 79.0% 72.3% o0.001 20.4% 45.0% 54.9% 22.9% o0.001

Systolic blood pressure

(mm Hg)

130.9±19.4 131.8±18.7 125.3±18.5 128.5±19.0 o0.001 126.7±20.3 120.8±21.0 116.6±18.6 126.0±20.4 o0.001

X130 mmHg 49.4% 50.8% 36.8% 44.3% o0.001 39.0% 26.7% 19.4% 37.7% o0.001

Diastolic blood pressure

(mm Hg)

81.3±12.0 81.2±11.9 78.0±12.3 79.6±12.3 o0.001 77.0±12.0 73.1±12.2 71.8±11.8 76.6±12.1 o0.001

X85mm Hg 36.0% 36.2% 26.7% 31.5% o0.001 24.0% 16.6% 12.9% 23.2% o0.001

High blood pressureb 54.5% 57.0% 42.2% 49.3% o0.001 42.7% 29.4% 22.6% 41.2% o0.001

Pulse rate (per min) 74.8±16.4 73.8±20.9 72.4±14.8 73.3±17.3 o0.001 77.3±21.4 75.9±10.6 73.3±10.5 77.0±20.7 o0.001

Body mass index (kg/m2) 24.1±2.9 24.2±2.7 23.9±3.0 24.1±2.9 o0.001 23.4±3.0 22.5±3.4 22.4±3.2 23.3±3.1 o0.001

Fasting serum glucose

(mg per 100 ml)

97.1±17.8 98.1±18.7 95.3±18.1 96.6±18.3 o0.001 93.4±15.5 91.3±12.1 90.6±14.9 93.2±15.4 o0.001

Serum creatinine

(mg per 100 ml)

1.029±0.128 1.033±0.143 1.011±0.141 1.021±0.140 o0.001 0.789±0.118 0.799±0.162 0.785±0.111 0.789±0.119 0.110

Serum total cholesterol

(mg per 100 ml)

197.3±34.0 200.4±34.5 199.0±36.2 199.1±35.3 o0.001 201.6±37.6 198.1±41.0 197.6±38.2 201.3±37.7 0.001

Serum triglyceride

(mg per 100 ml)

131.9±94.4 142.8±92.5 164.5±121.1 151.3±108.6 o0.001 111.9±69.8 110.3±80.9 118.2±79.9 112.2±70.7 0.026

Serum HDL cholesterol

(mg per 100 ml)

50.2±12.2 50.6±12.6 48.7±12.3 49.6±12.4 o0.001 56.8±13.6 58.9±14.8 58.0±15.4 57.0±13.8 o0.001

Albuminuriac 4.6% 4.1% 5.2% 4.7% 0.006 2.4% 2.1% 4.4% 2.5% 0.001

eGFR (ml min�1) 77.1±11.7 76.4±12.0 79.7±12.3 78.1±12.2 o0.001 77.9±13.0 79.2±14.6 79.9±13.3 78.0±13.1 o0.001

o60ml min�1 5.0% 5.6% 3.1% 4.3% o0.001 5.4% 6.1% 3.7% 5.4% 0.054

Abbreviations: ANOVA, analysis of variance; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein.
Data are meant mean±s.d., n or percentage.
aANOVA for continuous variables and w2 test for discrete variables were used.
bSystolic blood pressure X130mmHg or diastolic blood pressure X85mmHg.
cUrine dipstick albuminuria 1+ or higher.

Table 2 Odds ratios for a decreased eGFRa with respect to smoking

status

Odds ratio 95% confidence interval P-value

Total b o0.001

Non-smoker 1

Ex-smoker 1.119 0.944–1.325 0.195

Light smokerc 0.763 0.617–0.943 0.012

Heavy smokerd 0.733 0.598–0.899 0.003

Men e 0.002

Non-smoker 1

Ex-smoker 1.036 0.853–1.258 0.724

Light smoker 0.771 0.599–0.992 0.043

Heavy smoker 0.748 0.597–0.936 0.011

Women e 0.271

Non-smoker 1

Ex-smoker 1.300 0.888–1.905 0.178

Light smoker 0.749 0.494–1.136 0.174

Heavy smoker 0.889 0.452–1.748 0.732

Abbreviation: eGFR, estimated glomerular filtration rate.
aeGFR o60mlmin�1.
bAdjusted for sex, age, systolic blood pressure, diastolic blood pressure, body mass index,
fasting serum glucose and serum total cholesterol.
cCurrent smokers who smoked p20 cigarettes per day.
dCurrent smokers who smoked 420 cigarettes per day.
eAdjusted for age, systolic blood pressure, diastolic blood pressure, body mass index, fasting
serum glucose and serum total cholesterol.
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smokers; however, in participants with a reduced renal function
(eGFR o50 ml min�1), smokers had lower eGFR than did non-
smokers. Furthermore, smokers were found to have a higher risk of
albuminuria regardless of renal functional status.

Various results regarding the association between smoking status
and eGFR exist. Several studies have concluded that cigarette smoking
is associated with a higher GFR, which is consistent with our
results.13,14 However, other studies have shown contrary findings of
smoking being associated with a greater risk of a decreased GFR.10–12

Moreover, smoking has also been reported to be associated with
an increased eGFR (X90 ml min�1) and a decreased GFR
(o60 ml min�1) in the same population.13,16 These results suggest
that the impact of cigarette smoking on renal function, which differs
for specific subgroups in the general population, might depend on the
renal functional status. We observed that eGFRs across different
smoking statuses in participants with an eGFR of o50 ml min�1

differed from those in participants with an eGFR of X50 ml min�1.
In particular, the mean eGFRs of smokers and ex-smokers with an
eGFR of o50 ml min�1 were lower than that of non-smokers after
adjusting for potential confounders. These findings suggest that
smoking is associated with a higher GFR and a reduced risk of a
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Figure 1 The impacts of cigarette smoking on estimated glomerular filtration

rates (eGFRs). Group means were compared by multiple linear regression

analyses using a general linear model adjusted for age, sex, systolic and

diastolic blood pressure, fasting serum glucose, serum total cholesterol and

body mass index. Error bars represent standard errors. (1) Significantly

different from non-smokers (Po0.001), (2) significantly different from

ex-smokers (Po0.001), (3) significantly different from light smokers

(Po0.001), (4) p20cigarettes per day and (5) 420cigarettes per day.
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Figure 2 The impact of cigarette smoking on estimated glomerular filtration

rate (eGFR) according to renal function. Group means were compared by

multiple linear regression analyses using a general linear model adjusted for

age, sex, systolic and diastolic blood pressure, fasting serum glucose, serum

total cholesterol and body mass index. Error bars represent standard errors.

(1) Significantly different from non-smokers and (2) significantly different

from ex-smokers.

Table 3 Odds ratios for albuminuriaa with respect to smoking status

Odds ratio 95% confidence interval P-value

Total b o0.001

Non-smoker 1

Ex-smoker 0.947 0.779–1.152 0.586

Light smokerc 1.325 1.079–1.627 0.007

Heavy smokerd 1.425 1.174–1.729 o0.001

Men e o0.001

Non-smoker 1

Ex-smoker 0.856 0.695–1.055 0.145

Light smokerc 1.154 0.916–1.454 0.225

Heavy smokerd 1.332 1.086–1.635 0.006

Women e o0.001

Non-smoker 1

Ex-smoker 0.887 0.468–1.681 0.713

Light smokerc 2.090 1.415–3.086 o0.001

Heavy smokerd 1.878 0.912–3.867 0.087

Abbreviation: HDL, high-density lipoprotein.
aUrine dipstick albuminuria 1+ or higher.
bAdjusted for sex, age, systolic and diastolic blood pressure, body mass index, fasting serum
glucose, serum total cholesterol, serum triglyceride and serum HDL cholesterol.
cCurrent smokers who smoked p20 cigarettes per day.
dCurrent smokers who smoked 420 cigarettes per day.
eAdjusted for age, systolic and diastolic blood pressure, body mass index, fasting serum
glucose, serum total cholesterol, serum triglyceride and serum HDL cholesterol.
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decreased GFR in the general population, but that it is associated with
a lower GFR in a subset of the population. On the basis of
our observation that high BP, impaired fasting glucose or albuminuria
was not associated with a differential renal response to smoking,
it could be that those with an underlying renal disease are not
the specific subgroup that is susceptible to a reduction in eGFR
because of cigarette smoking. A number of longitudinal, large
community-based cohort studies have concluded that cigarette
smoking was an independent risk factor of end-stage renal disease,
but these studies did not examine the specific subgroups who were
more susceptible to a detrimental renal response to cigarette smok-
ing.11,21 Several studies have suggested the existence of a gender-
specific renal response to chronic smoke exposure.22–24 In this study,
we failed to observe a detrimental effect of smoking on renal function
in women, but this might have been because of a loss of statistical
power owing to the low proportion of female smokers in our
population.22

In addition, we also observed that cigarette smoking was associated
with an increased risk of albuminuria, dose dependently. Our result
regarding this association between smoking and an increased risk of
albuminuria is consistent with earlier findings.16–19 Moreover, the
absence of a relationship between decreased eGFR and smoking in
participants with albuminuria suggests that the mechanism of albu-
minuria and a decreased GFR because of cigarette smoking might be
independent of each other. To elucidate the pathophysiological
mechanisms responsible for reducing GFR among smokers with an
eGFR of o50 ml min�1, we would have to define a population subset
whose renal functions are detrimentally affected by smoking, which
raises the possibility that genetic factors may be responsible for this
sensitivity.25,26

We observed that cigarette smoking was associated with lower BP
and decreased risk for high BP after adjustment for sex, age, BMI,
regular alcohol intake, eGFR, albuminuria and fasting serum glucose.
Although cigarette smoking induces acute increase of BP and pulse

rate in humans through adrenergic mechanisms,7 chronic cigarette
smoking has been reported to be associated with lower systolic and
diastolic BP in a cross-sectional epidemiological study of the general
population27–31 and with less increase of BP in chronic smokers after a
follow-up of 5 years.30,32 A longitudinal study documented that being
a never smoker was an independent risk factor for higher increase in
BP over 7 years.33 Our observation of the association between smoking
and higher GFR and lower BP was consistent with earlier reports. It is
difficult to explain the discrepancies between acute response to
cigarette smoking, possibly mediated by adrenergic mechanisms,
and the results of epidemiological studies. The mechanism of decrease
in BP and that of increase in GFR by cigarette smoking might
be closely related to each other. Moreover, decrease in vascular
resistance might also be involved. The possible difference in renal
hemodynamic response to cigarette smoking between non-smokers
and habitual smokers has been proposed. In smokers, in contrast with
non-smokers, effective renal plasma flow and GFR remained
unchanged, whereas urinary cyclic GMP rose by 87±43%, and the
changes in effective renal plasma flow induced by nicotine were
positively correlated with changes in urinary cyclic GMP.16 As an
increase in urinary cyclic GMP has been suggested to be a marker of
renal vasodilation, repeated exposure to these vasodilatory com-
pounds might cause chronic glomerular hyperfiltration in habitual
smokers.13 Therefore, it is possible that, although cigarette smoking
causes a decrease in vascular resistance resulting in lower BP and
higher GFR in the general population, chronic smoking lowers GFR
through unknown mechanism(s) in a small subset of the
population. Although acute smoking caused a decrease in GFR and
an increase in the mean arterial pressure in healthy normotensive
volunteers, acute smoking did not cause a significant change in GFR
and BP in patients with IgA nephropathy.8 These results suggest a
differential hemodynamic or renal response to smoking according to
the pathophysiological conditions of participants. It is necessary
to characterize these susceptible participants by longitudinal studies
on large cohorts. As it was reported that chronic cigarette smokers
were hyperinsulinemic,34 and that physiological and supraphysiologi-
cal doses of insulin increased GFR in normal participants,35

further studies are needed to evaluate the possibility that
hyperinsulinemia caused by chronic smoking increases GFR in normal
participants.

Our study was conducted on a relatively large number of partici-
pants who had undergone a thorough health check up at a single
center. As GFR is influenced by a wide spectrum of factors,
a considerable sample size is required to obtain sufficient statistical
power to evaluate the effect of smoking on GFR in various subgroups.
Furthermore, in this study, all participants were evaluated at a single
medical center using the same evaluation protocols. It is particularly
important for the measurement of creatinine, which is prone to inter-
laboratory variations.

Our study was retrospective and cross-sectional in nature, and its
participants were of a single ethnic origin, which might limit the
generalization of our results. In addition, we admit that insufficient
information was available on behavioral factors, such as alcohol
consumption and salt intake.

In conclusion, this study showed that cigarette smoking was
associated with a lower risk of a decreased GFR and a higher risk of
proteinuria in the general population, but that in a population with a
reduced renal function (eGFR o50 ml min�1), smoking was asso-
ciated with a reduction in eGFR. Prospective studies, including
genotype analysis, are needed to characterize those who are susceptible
to chronic smoke exposure.

Table 4 Odds ratios for high blood pressurea according to the

smoking status

Odds ratio 95% confidence interval P-value

Total b o0.001

Non-smoker 1 Non-smoker

Ex-smoker 0.908 0.838–0.984 0.019

Light smokerc 0.636 0.582–0.695 o0.001

Heavy smokerd 0.600 0.551–0.653 o0.001

Men e o0.001

Non-smoker 1

Ex-smoker 0.995 0.909–1.088 0.907

Light smokerc 0.657 0.593–0.728 o0.001

Heavy smokerd 0.605 0.551–0.663 o0.001

Women e o0.001

Non-smoker 1

Ex-smoker 0.781 0.621–0.981 0.034

Light smokerc 0.530 0.431–0.652 0.001

Heavy smokerd 0.546 0.381–0.785 o0.001

aSystolic blood pressure X130 mmHg or diastolic pressure X85mmHg.
bAdjusted for sex, age, body mass index, regular alcohol intake, glomerular filtration rate,
albuminuria and fasting serum glucose.
cCurrent smokers who smoked p20 cigarettes per day.
dCurrent smokers who smoked 420 cigarettes per day.
eAdjusted for age, body mass index, regular alcohol intake, glomerular filtration rate,
albuminuria and fasting serum glucose.
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