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ORTH,S.R.,VIEDT,C.and RITZ,E.Adverse Effects of  Smoking in the Renal
 

Patient.Tohoku J.Exp.Med.,2001,194(1),1-15  Smoking is a known risk
 

factor for cardiovascular diseases,cancer,and several other health problems.It
 

is the number one preventable cause of death in modern countries.The first
 

evidence that smoking may be a renal risk factor was published in 1978.Since
 

then,several studies documented that smoking is nephrotoxic in patients with
 

diabetic and non-diabetic renal disease.Data from the Multiple Risk Factor
 

Intervention Trial indicate that smoking even increases the renal risk in the
 

general male population:an increased relative risk for end-stage renal failure
(ESRF)was found for smokers as compared to non-smokers(up to 1.69 for heavy

 
smokers).Several potential mechanisms of smoking-induced renal damage have

 
been discussed,e.g.increase in blood pr

 

ogress

,alteration of intrarenal
 

hemodynamics,as well as activation of the sympathetic nerve,the renin-
angiotensin and the endothelin systems.The pathomechanisms are,however,
only partly understood.Once ESRF has become established,the failure to

 
discontinue smoking adversely affects the prognosis of patients on renal replace-
ment therapy,mainly by increasing the risk of cardiovascular complications.
Discontinuation of smoking has been shown to improve both renal and cardiovas-
cular prognosis in the renal patient and is probably the single most effective

 
measure to retard pr
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Smoking is the number one preventable
 

cause of death in modern countries(Bartecchi et
 

al.1994).For instance,it accounts for more
 

than 5
 

asing
 

and 400 000 deaths/year in the
 

USA and the European Union,respectively

(Bartecchi et al.1994;Junge 1996).These num-
bers are currently incre

 
women

 
and so is tobacco

 
consumption by adolescents,particularly by

 
young

 
co adv

,who are a major target of
 

tobac  n ompa ertisement c  s(Hu nie  a ber

 

iew ve R
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Pandina 1997).The World Health Organiza-
tion(WHO)estimated that world-wide tobacco

 
abuse accounted for 3 million deaths in 1996 and

 
even 10 million deaths are expected for the year

 
2020(Emmons 1999).This article focuses on a

 
less known danger of smoking,i.e.,the adverse

 
renal effects of smoking.Furthermore,we

 
discuss the increase in cardiovascular risk in the

 
renal patient related to smoking.

Influence of  smoking on albuminuria and the
 

risk of end-stage renal failure in subjects without
 

primary renal disease (Table 1)

Smoking emerged as an independent pre-
dictor of(micro)albuminuria in several studies

 
which examined otherwise healthy patients with

 
primary hypertension(Orth 2000).The hypoth-
esis of a nephrotoxic effect of smoking is fur-
ther supported by a cross-sectional study in 7476

 
non-diabetic subjects in Groningen,The Nether-
lands(Pinto-Sietsma et al.2000).The study

 
documents that the urinary albumin excretion

 
rate is correlated to the amount of cigarettes

 
smoked per day.After adjustment for several

 
potential confounding factors,subjects who

 
smoked≦20 cigarettes/day and subjects who

 
smoked ＞20 cigarettes/day,respectively,
showed a dose-dependent association between

 
smoking and high normal albuminuria(relative

 
risk,1.33［95％ CI,1.10-1.61］and 1.98［CI,1.49-
2.64］)and microalbuminuria(relative risk,1.92
［CI,1.54-2.39］and 2.15［CI,1.52-3.03］).
Halimi et al.(2000)confirmed a marked risk of

 

irreversible proteinuria that may occur despite
 

moderate smoking in a study on 28 409 subjects
 

of the general population.Recently,Regalado
 

et al.(2000)performed a prospective study in-
cluding 51 patients with primary hypertension

 
for a mean follow-up of 35.5 months.Despite

 
reduction of mean arterial blood pressure from

 
126.8±1.3 to 96.5±1.1 mmHg,plasma creatinine

 
increased from 1.5±0.1 to 1.9±0.2 mg/100 ml.
Factors that independently predicted renal func-
tional decline were smoking,greater initial

 
plasma creatinine level,and black ethnicity.
Of interest,smoking was by far the most power-
ful predictor of renal functional decline and the

 
only one which is potentially remediable.
Data from the Multiple Risk Factor Inter-

vention Trial(MRFIT)including 332 544 men
 

indicate that smoking increases the renal risk in
 

the general male population:an increased rela-
tive risk for end-stage renal failure(ESRF)was

 
found for smokers as compared to non-smokers
(up to 1.69 for heavy smokers)(Whelton et al.
1995;Klag et al.1997).The increase in risk

 
was independent of age,ethnicity,income,blood

 
pressure,diabetes mellitus,prior history of

 
myocardial infarction,or serum cholesterol.
These findings have recently been confirmed in

 
an elderly nondiabetic population:during a

 
minimum observation time of 3 years the num-
ber of cigarettes smoked was highly associated

 
with an increase in serum creatinine≧0.3 mg/
100 ml(Bleyer et al.2000).Other studies,how-
ever,did not find an adverse effect of smoking
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TABLE 1. Epidemiologic evidence for the adverse renal effects of  smoking

・Number of cigarettes smoked correlates with urinary albumin excretion rate in healthy subjects
・Independent predictor of(micro)albuminuria in patients with primary hypertension
・Most powerful predictor of renal functional decline in primary hypertension
・Number of cigarettes smoked dose-dependently increases the risk of ESRF in the male general population
・In type 1 and type 2 diabetes mellitus:independent risk factor for the onset of microalbuminuria,for

 
progression of microalbuminuria to manifest proteinuria(i.e.,diabetic nephropathy)and for acceleration of

 
the rate of progression of diabetic nephropathy to ESRF

・Increased risk for progression to ESRF in primary renal diseases
・Increased risk for progression of chronic transplant nephropathy(?)

ESRF,end-stage renal failure.



on renal function(Perry et al.1995a;Halimi et
 

al.2000).It is thus of major interest to analyze
 

the effect of smoking in patients with renal
 

diseases,because this population may be partic-
ularly susceptible to smoking-related renal dam-
age.

Smoking and diabetic nephropathy (Table 1)

Christiansen(1978)reported that smoking
 

was a risk factor for diabetic nephropathy.
This was the first report about a nephrotoxic

 
effect of smoking.Since then,several studies

 
confirmed an increased renal risk in patients

 
with both type 1 and type 2 diabetes who smoke.
Smoking(i)increases the risk to develop mi-
croalbuminuria,(ii)accelerates the rate of pro-
gression from microalbuminuria to manifest

 
proteinuria,and(iii)accelerates progression of

 
renal insufficiency to ESRF(Orth 2000).Prob-
ably,the most important adverse effect of

 
smoking is acceleration of the rate of progres-
sion of renal failure.Sawicki et al.(1994)
calculated the adjusted odds ratio for progres-
sion of diabetic nephropathy,defined as an

 
increase in proteinuria＞20%per year and/or a

 
reduction of glomerular filtration rate(GFR)＞
20%.The odds ratio was higher by a factor of

 
2.74 for each 10 cigarette pack years.In this

 
study all patients were on intensified insulin and

 
antihypertensive therapy,so that confounding

 
effects of hyperglycemia and hypertension are

 
minimized.In a study of Biesenbach et al.
(1994)the rate of loss of GFR was higher by a

 
factor of 1.44 and 1.66 in smoking as compared

 
to non-smoking patients with type 1 and type 2

 
diabetes,respectively.
It is of major interest that smokers are at

 
greater risk to develop type 2 diabetes(Perry et

 
al.1995b;Rimm et al.1995;Nakanishi et al.
2000).In a recent prospective cohort study on

 
1266 non-diabetic males aged 35-59 years

 
Nakanishi et al.(2000)found that the relative

 
risk to develop impaired fasting glucose during

 
5 years of observation was 1.62-fold higher in

 
ever-smokers as compared to never-smokers.

The relative risk to develop type 2 diabetes was
 

dose-dependent:1-20 cigarettes/day＝1.88(CI:
0.71-5.0),21-30 cigarettes/day＝3.02(CI:1.15-
7.94),≧31 cigarettes/day＝4.09(CI:1.62-10.29).
The increased risk may be related to the fact

 
that smoking aggravates insulin resistance in

 
healthy smokers,at least according to some

 
studies(Orth 2000).

In summary,there is clear evidence that
 

smoking has adverse effects on the onset and
 

evolution of diabetic nephropathy in type 1 and
 

type 2 diabetes mellitus.Furthermore,the
 

number of cigarettes smoked daily and the
 

number of pack-years of exposure seem to be
 

associated with development of impaired fast-
ing glucose and type 2 diabetes(Nakanishi et al.
2000).

Smoking and non-diabetic renal disease (Tables
 

1-3)

In patients with autosomal dominant
 

polycystic kidney disease(ADPKD)Chapman et
 

al.(1994)found that individuals with established
 

proteinuria had not only higher mean arterial
 

pressure and more aggressive development of
 

renal cysts,but had also a greater pack year
 

smoking history than did their nonproteinuric
 

counterparts.In lupus nephritis,a retrospec-
tive cohort study of 160 patients with a median

 
follow-up of 6.4 years documented that smoking

 
at the time of onset of nephritis was an indepen-
dent risk factor for more rapid progression to

 
ESRF(Ward and Studenski 1992).The median

 
time interval to ESRF was 145 months in

 
smokers and in excess of 273 months in non-
smokers.This observation is particularly

 
important,because the effect of smoking was

 
independent of hypertension and immunosup-
pressive treatment.
Since there was no definite information on

 
a potential nephrotoxic effect of smoking in

 
primary renal disease,we performed a retro-
spective matched case-control study(Orth et al.
1998).This European multicenter study was

 
designed to assess whether in patients with
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IgA-glomerulonephritis(IgA-GN)and ADPKD
 

tobacco consumption increased the risk to prog-
ress to ESRF.Because analysis of tobacco

 
consumption(given as pack-years［PY］)
showed no strata inhomogeneity between renal

 
diseases,IgA-GN and ADPKD were pooled for

 
statistical analysis.Due to small sample size

 
and modest average tobacco consumption,the

 
subgroup of women was excluded from further

 
analysis.Table 2 shows the distribution of

 
cigarette smoking in male patients;consump-
tion of cigarettes was subdivided into three

 
categories,i.e.,0-5,5-15 and＞15 PY.The

 
crude estimators for different quantitative levels

 
of smoking document a dose-dependent increase

 
in the risk to be in ESRF in male smokers as

 
compared to non-smokers or moderate smokers
(0-5 PY).After adjustment for possible con-
founders,multivariate analysis revealed that the

 
risk to be in ESRF was substantially higher in

 
male smokers with no history of angiotensin

 
converting enzyme(ACE)inhibitor treatment.
In contrast,the odds ratio for smokers with a

 
history of ACE inhibitor treatment was not

 

significantly increased(Table 3).A recent case
 

control study confirmed that male patients with
 

glomerulonephritis who smoke are at increased
 

risk of renal function impairement(Stengel et
 

al.2000).
Since the design of these studies was retro-

spective,a prospective study would be helpful to
 

confirm the results(Samuelsson and Attman
 

2000).The fact that we(Orth et al.1998)and
 

Stengel et al.(2000)did not find an adverse
 

effect of smoking on renal function in small
 

female subgroups is presumably related to the
 

limited sensitivity of the studies;certainly the
 

data do not permit to completely rule out an
 

adverse effect of smoking on renal prognosis in
 

women.

Smoking and renal transplantation (Table 1)

Most studies published to date indicate a
 

lack of correlation of cardiovascular risk fac-
tors such as smoking with the development of

 
chronic allograft nephropathy in humans
(Hegeman and Hunsicker 1995).A recent ret-
rospective analysis of Kasiske and Klinger

 

TABLE 2. Crude smoking-associated risk of  ESRF in 144 male  patients  with
 

IgA-glomerulonephritis or autosomal dominant polycystic kidney disease

(Orth et al. 1998)

Pack-years  Cases
(n,［%］)

Controls
(n,［%］) Odds ratio  95%-confidence interval  p-value

0-5  26(36) 47(65) 1.0 ― ―

5-15  17(24) 11(15) 3.5  1.3-9.6  0.017
＞15  29(40) 14(19) 5.8  2.0-17  0.001

(Waldχ).

TABLE 3. Smoking-associated risk of ESRF (stratified for ACE-inhibitor treatment and adjusted for systolic
 

blood pressure)in 144 male patients  with IgA-glomerulonephritis  or autosomal  dominant
 

polycystic kidney disease (Orth et al. 1998)

Pack-years
 

ACE-inhibitor
 

Odds ratio  95%-confidence interval  p-value

No ACE-inhibitor
 

Odds ratio  95%-confidence interval  p-value

＜5  1.0 ― ― 1.0 ― ―

＞5  1.4  0.3-7.1  0.65  10.1  2.3-45  0.002

(Waldχ).
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(2000)noted a higher rate of graft loss in renal
 

graft recipients.This was mainly accounted
 

for by cardiovascular death with a functioning
 

graft.In an ongoing prospective study,this
 

issue is currently adressed by G.Opelz
(Heidelberg,Germany).A preliminary retro-
spective analysis of Opelz suggests that smoking

 
by itself adversely affects late graft function,
even if corrections are made for cardiovascular

 
death with a functioning graft(personal commu-
nication).A similar analysis was performed by

 
the group of L.C.Paul(2000)and yielded the

 
same results.We have to wait for the final

 
results of these investigations in order to give a

 
definite answer to the question whether smok-
ing plays a role in renal allograft failure.
The effect of smoking on renal allograft

 
function may depend on the primary renal

 
disease which had led to ESRF.In patients

 
who had reached ESRF as a result of lupus

 
nephritis,the risk of renal transplant loss was

 
substantially increased in smokers(Stone et al.

1998).In this study,smoking demonstrated
 

both the strongest association and the highest
 

relative risk for allograft loss(relative risk 2.5,
p＜0.0001)as compared to the other factors

 
which confered an increased risk for allograft

 
loss,i.e.,delayed graft function,acute rejection

 
episodes,and total HLA mismatches.Lupus

 
erythematosus represents only a small subgroup

 
of renal transplanted patients and a specific

 
disease entity,but the above results are of major

 
clinical importance and point to the possibility

 
that the alterations of the immune response

 
reported in smokers(Orth et al.1997)may be

 
particularly detrimental in secondary renal dis-
eases related to major immune defects such as

 
lupus erythematosus.

Potential mechanisms of  smoking-induced renal
 

damage (Table 5)

Several potential mechanisms of smoking-
induced renal damage have been discussed(Orth

 
2000),but the precise nature of the nephrotoxic

 

TABLE 4. Potential pathomechanisms of  smoking-induced renal injury

・Increased sympathetic nerve activity
・Increase in blood pressure and heart rate
・Alteration of diurnal blood pressure rhythm
・Increase in renal vascular resistance leading to decrease in GFR and RPF(ET-1?)
・Arteriosclerosis of the renal arteries and the intrarenal arteries and arterioles(ET-1?)
・ET-1-mediated proliferation and matrix accumulation of VSMC,endothelial cells and mesangial cells
・Tubulotoxicity
・Direct toxic effects on endothelial cells

－Alteration of the prostaglandin/thromboxane metabolism
－Oxidative stress through generation of reactive oxygen species
－Nitric oxide depletion
－Impairement of endothelial cell-dependent vascular dilation
－Increased adhesion of monocytes to the endothelium
－Carbon monoxide-induced hypoxia

・Increased clotting of platelets
・Impaired lipoprotein and glycosaminoglycan metabolism
・Modulation of immune response
・Antidiuresis(vasopressin)
・Increased insulin resistance

 
ET-1,endothelin-1;GFR,glomerular filtration rate;RPF,renal plasma flow;VSMC,vascular smooth

 
muscle cells.
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effect of smoking is unknown.Against the
 

background of“light cigarettes”with low nico-
tine content and regular cigarettes with moder-
ate or high nicotine content it is of particular

 
interest to differentiate between smoking-
induced renal damage due to nicotine per se

 
and/or other(partially unknown)components

 
of cigarette smoke.There is no doubt that the

 
present data do not allow to give a definite

 
answer which substances in cigarette smoke are

 
responsible for the adverse renal effects of

 
smoking,but some potential pathomechanisms

 
seem to be linked to nicotine per se.

Potential adverse renal effects of smoking linked
 

to nicotine
 

Increase in sympathetic activity and blood
 

pressure.Since the first decade of the 20th
 

century it has been known that smoking induces
 

a transient increase of BP and heart rate(Hesse
 

1907).This increase in BP and heart rate
 

seems to be related to nicotine per se,since no
 

such changes occur when nicotine-free ciga-
rettes are smoked(Aronow et al.1971).Today

 
we know that these acute hemodynamic effects

 
are mediated mainly via sympathetic activation

 
and vasopressin release.In addition,in

 
patients with primary hypertension an increase

 
in cortisol,adrenocorticotrophic hormone

(ACTH)and plasma aldosterone concentration
 

has been noted during smoking(Orth 2000).
Grassi et al.(1994)demonstrated that nico-

tine increases sympathetic activity via direct
 

stimulation of postganglionic sympathetic nerve
 

endings:smoking a single cigarette markedly
 

increased plasma concentrations of norepine-
phrine and epinephrine in healthy volunteers,
whereas postganglionic muscle sympathetic

 
nerve traffic decreased significantly.Thus,
nicotine directly stimulates catecholamine

 
release from peripheral sympathetic nerve end-
ings and the adrenal medulla(Haass and Kubler

 
1996).Increased sympathetic activity may also

 
accelerate progression of renal failure(Amann

 
et al.2000;Orth et al.2001).It is thus plausible

 
to assume that a further increase of cate-
cholamine release from peripheral sympathetic

 
nerve endings induced by smoking in subjects

 
with renal disease may damage the kidney via

 
two mechanisms,i.e.,indirectly through BP

 
elevation,but also as a direct result of activa-
tion of the sympathetic system (Amann et al.
2000;Orth et al.2001).

In view of the importance of BP on the
 

evolution of renal diseases,the effects of smok-
ing on BP are of considerable interest.Am-
bulatory BP measurements documented that

 
smoking in parallel with the stimulation of the

 

TABLE 5. Contrasting effects of  smoking on renal hemodynamics in volunteers and patients
 

with IgA glomerulonephritis (Ritz et al. 1998)

GFR  FF  RVR  MAP
 

volunteers (n＝15)
－basal  120±17.7  21.3±4.24  97.6±27.2  92.8±8.98
－smoking  102±19.3 17.4±3.41 108±30.4 105±7.78

IgA-GN (n＝7)
－basal  109±18.3  19.8±4.14  97.9±17.6  92.3±12.1
－smoking  111±34.0  18.9±6.32  116±38.6  105±13.0

GFR,glomerular filtration rate;FF,filtration fraction;RVR,renal vascular resistance;
MAP,mean arterial pressure.
p＜0.005,intraindividual differences basal vs.smoking by paired t-test.
p＜0.001,intraindividual differences basal vs.smoking by paired t-test.
p＜0.006,intraindividual differences basal vs.smoking by paired t-test.
p＜0.0001,intraindividual differences basal vs.smoking by paired t-test.

S.R.Orth et al.6



 
sympathetic system causes a significant,but

 
transient increase(lasting 30 minutes)of BP in

 
healthy(Minami et al.1999)and hypertensive

 
subjects(Mann et al.1991;Groppelli et al.1992).
This was also found in patients with type 2

 
diabetes(Poulsen et al.1998)or primary renal

 
disease(Ritz et al.1998).
Smoking also seems to alter the diurnal

 
rhythm of BP.Hansen et al.(1994)reported

 
that the night/day ratio of systolic and diastolic

 
BP in healthy smokers was lower than in non-
smokers.In one study a derangement of the

 
diurnal rhythm of BP was not found in patients

 
with type 1 diabetes who smoked(Hansen et al.
1994).In contrast,in a preliminary communi-
cation Barna et al.(1996)reported decreased

 
ratios of daytime to nighttime BP in smoking

 
healthy volunteers and in subjects with type 1

 
diabetes.Since the deleterious role of elevated

 
BP,particularly at night-time,on progression of

 
renal diseases is well known,the intermittent
(daytime)and,even worse,persistent(nighttime)
increase in BP induced by smoking may well

 
contribute to progression of diabetic and non-
diabetic renal disease.This possibility is par-
ticularly pertinent,since an even minor incre-
ment in BP accelerates the rate of progression
(Klahr et al.1994).
Alteration  of  intrarenal  hemodynamics.

Ritz et al.(1998)performed a study in healthy
 

volunteers to investigate the effects of smoking
 

on the healthy kidney:smoking(as compared to
 

sham-smoking)caused a significant decrease in
 

GFR,filtration fraction(FF)and renal plasma
 

flow(RPF)as measured by radioisotope infu-
sion clearance.Renovascular resistance in-
creased significantly.The FF is a surrogate

 
marker of glomerular capillary pressure.This

 
parameter decreased in healthy volunteers.At

 
first sight this observation may appear paradox-
ical,since reduced intraglomerular pressure

 
should provide nephroprotection,but the renal

 
response is apparently different in subjects with

 
and without renal disease.The findings of Ritz

 
et al.(1998)concerning GFR and RPF were

 

confirmed by Halimi et al.(1998)in non-smokers
 

who chewed a nicotine chewing gum.Interest-
ingly,renal vasoconstriction did not occur in

 
smokers.The authors concluded that smokers

 
continue to exhibit the systemic response to

 
nicotine,i.e.,an increase in BP and heart rate,
but are tolerant to the renal effects of nicotine.
The latter was attributed to a compensatory

 
increase of the synthesis of cyclic guanosine

 
monophosphate (cGMP)in the kidney of

 
smokers as indicated by increased urinary

 
excretion.
Ritz et al.(1998)also compared the renal

 
hemodynamic effects of smoking in volunteers

 
with those in patients with IgA glomerulone-
phritis.As shown in table 4,whilst the increase

 
in mean arterial pressure and heart rate was

 
similar in patients with IgA-GN and volunteers,
a significant decrease in GFR and filtration

 
fraction was not demonstrable in patients with

 
IgA-GN,in contrast to what was seen in volun-
teers.During smoking,a significant increase in

 
the urinary albumin/creatinine ratio was noted,
further pointing to an adverse effect of smoking

 
on glomerular capillary pressure.
Taken together these findings are consis-

tent with the hypothesis that in patients with
 

glomerular diseases,in whom the preglomerular
 

vasculature is presumably vasodilated,
smoking-induced vasoconstriction is unable to

 
overcome vasodilation.As a result one would

 
expect that the increase in systemic pressure is

 
transmitted partially to the glomerular mi-
crocirculation,causing acute glomerular hyper-
tension.As reported recently by Benck et al.
(1999)pretreatment with the α-adrenergic

 
blocker prazosin(compared to placebo)failed to

 
affect the change in renal hemodynamics,whilst

 
pretreatment with theβ-blocker atenolol ob-
literated the renal hemodynamic response.
Activation of  the renin-angiotensin system.

Based on the study of Benck et al.(1999)we
 

propose the following hypothesis(Fig.1):Smok-
ing acutely increases circulating catecholamines

 
and potentially also efferent sympathetic traffic
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to the kidney.Renin secretion is stimulated via
β-1-adrenergic stimulation of the juxtaglomer-
ular apparatus,thus increasing the concentra-
tion of angiotensin II.It is possible,but cur-
rently unproven,that angiotensin II is involved

 
in mediating the distal effects ofβ-adrenergic

 
stimulation.This hypothesis would explain the

 
observation in our retrospective case control

 
study that an increased renal risk was no longer

 
demonstrable when smokers were treated with

 
ACE inhibitors(Orth et al.1998)(Table 2).A

 
further explanation why ACE inhibition appar-
ently protects against smoking-induced renal

 
function alteration is the improvement of vascu-
lar dysfunction when smokers are treated with

 
an ACE inhibitor(Chalon et al.1999).In vitro

 
data suggest that this effect is partly mediated

 
by scavenging free radicals and by attenuation

 
of the cigarette-induced suppression of nitric

 
oxide production(Ota et al.1997).
Activation of  vasopressin.In 1945,Burn et

 
al.(1945)reported that nicotine exerts an

 
antidiuretic action in rats and in humans.In

 
rats of approximately 190 g body weight,subcu-
taneous injection of a rather high dose of nico-
tine(0.25 mg)induced an initial diuresis during

 
the 15 minutes post injection;this was followed

 
by an inhibition of the diuresis for about 45

 
minutes as compared to control rats.The

 
authors interpreted the short increment in diur-

esis as a result of the nicotine-induced initial rise
 

in BP.When the pituitary gland was removed,
no such inhibition of diuresis occurred.These

 
results were confirmed in dogs by Cadnapaphor-
nchai et al.(1974)who found that nicotine

 
increases vasopressin release by altering cer-
vical parasympathetic tone.Similar to their

 
observations in the rat,Burn et al.(1945)report-
ed that in men diuresis began at the time when

 
they started to smoke.Inhibition of diuresis

 
then occurred after 15 minutes of smoking,and

 
the effect of three cigarettes induced nearly

 
complete inhibition of diuresis during 2.5 hours,
after which the diuresis began again to reach a

 
peak(4.5 hours).In some subjects an antidiur-
etic effect was noted after smoking only one

 
cigarette.The antidiuretic effect of smoking

 
was quite variable between individuals.
Antidiuresis is probably due to increased vaso-
pressin secretion during smoking.In this con-
text it is of interest that antidiuresis has been

 
proposed as a potential pathogenetic factor in

 
progression of chronic renal failure(Bankir and

 
Bouby 1991).As to the mechanism involved,it

 
has been proposed that vasopressin increases

 
single nephron GFR inappropriately via

 
modulating the activity of the tubuloglomerular

 
feedback.This was thought to result from

 
changes in urea recycling(Bankir and Bouby

 
1991).

Potential adverse renal effects of smoking linked
 

to substances in cigarette smoke other than nico
 

tine

-

Toxic effects on the endothelium.Cigarette
 

smoking dose-dependently impairs endothelial
 

cell dependent vasodilatation in healthy individ-
uals(Celermajer et al.1993).Endothelial cell

 
dependent and independent relaxation induced

 
by endogenous vasodilators is impaired in

 
smokers(Ra○ngemark and Wennmalm 1992).
Endothelial cell dysfunction is an early feature

 
of atherosclerosis and is also implicated in the

 
genesis of glomerular injury.Disturbed active

 
vasodilation is deleterious for coronary arteries

 

Smoking
↓

sympathetic activation
↓

increased circulating epinephrine
↓

β-adrenergic stimulation
(e.g.,of juxtaglomerular apparatus)

↓
renin
↓

angiotensin II
 

Fig.1.Hypothetical sequence of smoking-induced
 

activation of the renin-angiotensin system as
 

one major pathomechanism of the adverse renal
 

effects of smoking.

S.R.Orth et al.8



(Kyriakides et al.1992;Egashira et al.1993)and
 

might be important in the genesis of altered
 

renal hemodynamics and renal functional
 

parameters of smokers(Halimi et al.1998;Ritz
 

et al.1998;Gambaro et al.1998;Benck et al.
1999).

Hyperfiltration  in  diabetic  nephropathy.
Concerning intrarenal hemodynamics in insulin-
treated diabetics,Ekberg et al.(1990)reported a

 
significantly higher prevalence of glomerular

 
hyperfiltration(41%vs.18%)in smokers than in

 
non-smokers.Furthermore,the GFR was

 
directly dependent on the intensity of smoking.
The fact that this correlation was not found in

 
users of snuff was interpreted to indicate that

 
the renal changes are caused by a substance in

 
tobacco smoke other than nicotine which is

 
absorbed by the nasal mucosa when snuffing.
The increment of GFR induced by smoking may

 
play a role in the genesis of hyperfiltration as a

 
potential mediator of accelerated progression of

 
chronic renal disease(Hostetter 1995).Smok-
ing further increases the hyperfiltration that is

 
observed in early stages of diabetic nephro-
pathy.
Oxidative stress.Oxidative stress is prob-

ably another major player in the genesis of
 

smoking-induced vascular renal injury.Extru-
sion of glutathione from endothelial cells and

 
activation of the hexose monophosphate shunt,
which is necessary to maintain glutathione in

 
the reduced state,point to the presence of

 
oxidative stress,which may be imposed by the

 
free radicals that are present in tobacco smoke
(Noronha-Dutra et al.1993).The concentra-
tions of antioxidant enzymes such as glutath-
ione peroxidase,catalase and superoxide dis-
mutase decrease and markers of oxidative

 
stress increase as renal insufficiency advances
(Mimic-Oka et al.1999).The patient with

 
renal insufficiency may thus be particularly

 
susceptible to additional oxidative stress in-
duced by smoking.Plasma extracellular

 
superoxide dismutase,a major superoxide scav-
enger,is independently associated with a history

 

of myocardial infarction.It is much lower in
 

current smokers as compared to ex-smokers
 

and non-smokers(Wang et al.1998).
Nitric  oxide.The inhibitory effect of

 
smoking on nitric oxide generation may play a

 
critical role in increasing renal vasculature tone.
In addition,intrarenal arterial dilation in

 
response to nitric oxide is significantly impaired

 
in type 2 diabetic patients,as recently

 
documented by Matsumoto et al.(1999).Nitric

 
oxide depletion in smokers may also promote

 
vascular smooth muscle cell and mesangial cell

 
proliferation.This hypothesis is based on two

 
observations:first,increased expression of in-
ducible nitric oxide synthase(iNOS)in a gene

 
transfer strategy has been reported to inhibit

 
neointimal hyperplasia after ballon angioplasty
(von der Leyen et al.1995);second,inhibition of

 
iNOS in a rat model of aortic allograft arterio-
sclerosis increases intimal thickening(Shears et

 
al.1997).A genetic approach to explain the

 
different susceptibility of individuals to

 
smoking-induced organ damage has been

 
proposed by Wang et al.(1996):the risk of

 
atherogenesis appears to be excessively high in

 
patients who are homozygous for the endoth-
elial nitric oxide synthase 4a(ecNOS4a)gene.
This genotype predisposes to endothelial dysfun-
ction and is associated with an increased coro-
nary risk in smokers(Wang et al.1996).
Whether a similar genetic susceptibility deter-
mines an increased renal risk in smokers is an

 
issue that deserves further investigation.
Activation of  the endothelin (ET) system.

Nephromegaly and glomerulomegaly are
 

known risk factors for progression.It is there-
fore remarkable that in 1031 subjects aged 40-60

 
years,smoking and fasting blood glucose con-
centration were the most significant factors

 
associated with enlarged kidney size by

 
multivariate analysis(Paivansalo et al.1998).
Moreover,renal size increased with PY of

 
smoking.These findings argue for increased

 
generation of growth factors in the kidneys of

 
smokers.Besides angiotensin II(see above),
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another growth factor involved may be ET-1.
ET-1 plasma concentrations are increased in

 
smokers(Orth 2000).ET-1 is a likely candi-
date,because it induces the full spectrum of

 
functional(increase in renal vascular resistance)
and morphologic(nephrosclerosis)alterations

 
observed in smokers.Smoking may activate

 
the ET-system via several pathways.ET-1 can

 
be directly activated by angiotensin II and

 
vasopressin(Emori et al.1989).Furthermore,
8-Iso-prostaglandin Fα,a member of the F-
isoprostanes which is increased in the plasma of

 
smokers(Morrow et al.1995),increases ET-1

 
mRNA and ET-1-dependent proliferation of

 
endothelial cells in vitro(Yura et al.1999).
Other potential factors are carbon monoxide-
induced hypoxia,nicotine-inducedα-adrenergic

 
stimulation and oxygen free radical generation
(Remuzzi 1999).
Toxic  effects  on tubular cells.Another

 
potential pathogenetic mechanism of smoking-
induced renal damage is alteration of proximal

 
tubular function and proximal tubular damage

 
in smoking diabetic and non-diabetic subjects
(Buchet et al.1990;Hultberg et al.1992;Wong

 
et al.1992).Tubular cell dysfunction may

 
conceivably contribute to tubulointerstitial

 
injury and progression.These alterations of

 
proximal tubular function include increased

 
urinary excretion of N-acetyl-β-glucosamini-
dase(NAG)(Buchet et al.1990;Hultberg et al.
1992),impairment of organic cation transport
(Wong et al.1992),and,as indirect evidence for

 
tubular damage,reduction of technetium-
mercaptoacetyltriglycine (MAG)clearance
(Gambaro et al.1998).Preliminary data of our

 
group confirm that in an animal model expo-
sure to tobacco leads to tubulointerstitial dam-
age(unpublished observation).

Reversibility of  smoking-induced renal damage
 

The question arises whether cessation of
 

smoking reverses the renal risk.One study in
 

patients with type 1 diabetes and nephropathy
 

provided convincing evidence in this respect

(Chase et al.1991):in patients with adequate
 

control of BP and glycemia,progression was
 

considerably less in patients who had stopped
 

smoking.In another study,progression was
 

found in 53% of current smokers,33% of ex-
smokers and 11% of non-smokers(Sawicki et

 
al.1994).Furthermore,albuminuria signifi-
cantly decreased in patients with type 1 diabetes

 
when patients stopped smoking(Chase et al.
1991).It is plausible to assume that this may

 
also be true in non-diabetic renal diseases.
Pinto-Sietsma et al.(2000)recently reported that

 
only a minor increased relative risk for microal-
buminuria is noted in non-diabetic subjects who

 
were former smokers.These former smokers

 
had no changes in GFR.Thus,it can be con-
cluded that smoking-induced renal damage is,at

 
least in part,reversible.

Consequences  for the treatment  of  the renal
 

patient
 
The above data clearly document that

 
smoking is a major renal risk factor in diabetic

 
and non-diabetic renal disease.Discontinua-
tion of smoking is probably the single most

 
effective measure to retard progression of renal

 
failure.Major efforts have to be undertaken to

 
help the patient to quit smoking,including

 
newer approaches such as therapy with

 
sustained-release bupropion and nicotine

 
patches(Jorenby et al.1999).Close monitoring

 
of the patient is imperative,especially because

 
smokers are less compliant than non-smokers
(McNagy et al.1997).Even if ESRF is reached

 
smoking should be discontinued.There is solid

 
evidence that cessation of smoking reduces the

 
risk of premature death due to cardiovascular

 
complications.Physicians should always be

 
aware of the fact that“persuading hypertensive

 
patients not to smoke is the single most effec-
tive measure we can take to reduce their risk”
(Sleight 1993).It has been estimated that the

 
risk of myocardial infarction can be reduced by

 
50-70% as a consequence of cessation of smok-
ing.In contrast,the treatment of hypertension
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results in a reduction of risk of myocardial

 
infarction of“only”2-3% for each 1 mmHg

 
decline in diastolic BP(Manson et al.1992).
Smoking is the strongest predictor of mortality

 
in type 2 diabetes (Gambara et al.1997).
According to lifetable analyses,smoking cessa-
tion will prolong the life of a 45-year-old smok-
ing,hypertensive,diabetic male by 4-5 years;
the treatment of hypertension is estimated to

 
prolong the life of the same individual by only 1

 
year(Yudkin 1993).The risk of cardiovascular

 
death is particularly high in diabetic patients

 
with ESRF who smoke(Stegmayr and Lithner

 
1987;Stegmayr 1990)and may be aggravated

 
by cumulation of nicotine in patients with renal

 
failure(Molander et al.2000).In dialysed

 
patients with type 1 diabetes smoking has been

 
shown to increase the relative risk of myocar-
dial infarction by a factor of 2.6(Koch et al.
1993).This has also been confirmed in

 
hemodialyzed patients with type 2 diabetes.
The risk of atrial fibrillation,a frequent arryth-
mia in hemodialysis patients,appears to be

 
associated to coronary heart disease and may

 
contribute to cardiovascular morbidity and

 
mortality in ESRF (Fabbian et al.2000).
Lower serum albumin concentrations predict

 
increased mortality in hemodialysis patients.
According to a recent study,baseline serum

 
albumin is significantly lower in active as

 
compared to non-smokers on hemodialysis
(Leavey et al.2000).Smoking is a risk factor

 
for systolic dysfunction in dialysis patients(Par-
frey and Harnett 1994).Furthermore,smoking

 
increases(i)the risk of death during the first 90

 
days on hemodialysis(Khan et al.1995),(ii)the

 
risk of cerebrovascular accident in patients with

 
chronic renal failure(Ishikawa 1994),(iii)the

 
risk of early and late fistula failure(Wetzig et

 
al.1985),and(iv)the risk of permanent change

 
from continuous peritoneal dialysis to

 
hemodialysis due to complications(Gokal et al.
1987).We conclude that“smoking cessation is

 
still the best medicine”(Hays et al.1998),and

 
this is particularly true for patients with renal

 

disease.

Acknowledgments
 

The data of references(Orth et al.1998)and
(Ritz et al.1998)are reprinted by permission of

 
Blackwell Science Inc.and Lippincott Williams&
Wilkins,respectivelys.

References
 

Amann,K.,Rump,L.C.,Simonaviciene,A.,Ober-
hauser,V.,Wessels,S.,Orth,S.R.,Gross,M.-L.,
Koch,A.,Bielenberg,G.W.,Van Kats,J.P.,
Ehmke,H.,Mall,G.&Ritz,E.(2000)Effects

 
of low dose sympathetic inhibition on glomer-
ulosclerosis and albuminuria in subtotally

 
nephrectomized rats. J. Am. Soc. Nephrol.,
11,1469-1478.

Aronow,W.S.,Dendinger,J.& Rokaw,S.N.(1971)
Heart rate and carbon monoxide level after

 
smoking high-,low-,and non-nicotine ciga-
rettes.A study in male patients with angina

 
pectoris.Ann. Intern. Med., 74,697-702.

Bankir,L.& Bouby,N.(1991)Vasopressin and
 

urinary concentration:additional risk factors
 

in the progression of chronic renal failure.
Am. J. Kidney Dis., 17(Suppl.1),20-26.

Barna,I.,Kempler,P.,Burki,B.& de Chatel,R.
(1996)The influence of chronic smoking on

 
the diurnal rhythm of blood pressure in

 
healthy individuals and in insulin dependent

 
diabetic patients.Nephrol. Dial. Transplant.,
11,A80.

Bartecchi,C.E.,MacKenzie,T.D.& Schrier,R.W.
(1994)The human costs of tobacco use(first

 
of two parts).N. Engl. J. Med., 330,907-912.

Benck,U.,Clorius,J.H.,Zuna,I.& Ritz,E.(1999)
Renal hemodynamic changes during smoking:
effects of adrenoreceptor blockade. Eur. J.
Clin. Invest., 29,1010-1018.

Biesenbach,G.,Janko,O.& Zazgornik,J.(1994)
Similar rate of progression in the predialysis

 
phase in type I and type II diabetes mellitus.
Nephrol. Dial. Transplant., 9,1097-1102.

Bleyer,A.J.,Shemanski,L.R.,Burke,G.L.,Hansen,
K.J.& Appel,R.G.(2000)Tobacco,hyper-
tension,and vascular disease:Risk factors for

 
renal functional decline in an older popula-
tion.Kidney Int., 57,2072-2079.

Buchet,J.P.,Lauwerys,R.,Roels,H.,Bernard,A.,
Bruaux,P.,Claeys,F.,Ducoffre,G.,De Plaen,
P.,Staessen,J.,Amery,A.,Lijnen,P.,Thijs,L.,

11 Smoking and the Kidney



 
Rondia,D.,Sartor,F.,Saint Remy,A.&Nick,
L.(1990)Renal effects of cadmium body

 
burden of the general population. Lancet,
336,699-702.

Burn,J.H.,Truelove,L.H.& Burn,I.(1945)The
 

antidiuretic action of nicotine and of smoke.
BMJ, 1,403-406.

Cadnapaphornchai,P.,Boykin,J.L.,Berl,T.,
McDonald,K.M.& Schrier,R.W.(1974)
Mechanism of effect of nicotine on renal

 
water excretion.Am. J. Physiol., 227,1216-
1220.

Celermajer,D.S.,Sorensen,K.E.,Georgakopoulos,D.,
Bull,C.,Thomas,O.,Robinson,J.&Deanfield,
J.E.(1993)Cigarette smoking is associated

 
with dose-related and potentially reversible

 
impairement of endothelium-dependent dila-
tion in healthy young adults. Circulation, 88,
2149-2155.

Chalon,S.,Moreno,H.,Jr.,Hoffmann,B.B.&
Blaschke, T.F.(1999) A n g i o ten si n-
converting enzyme inhibition improves venous

 
dysfunction in chronic smokers. Clin. Phar-
macol. Ther., 65,295-303.

Chapman,A.B.,Johnson,A.M.,Gabow,P.A.&
Schrier,R.W.(1994)Overt proteinuria and

 
microalbuminuria in autosomal dominant

 
polycystic kidney disease. J. Am. Soc.
Nephrol., 5,1349-1354.

Chase,H.P.,Garg,S.K.,Marshall,G.,Berg,C.L.,
Harris,S.,Jackson,W.E.& Hamman,R.E.
(1991)Cigarette smoking increases the risk

 
of albuminuria among subjects with type 1

 
diabetes. JAMA, 265,614-617.

Christiansen,J.S.(1978)Cigarette smoking and
 

prevalence of microangiopathy in juvenile-
onset insulin-dependent diabetes mellitus.
Diabetes Care, 1,146-149.

Egashira,K.,Inou,T.,Hirooka,Y.,Yamada,A.,
Maruoka,Y.,Kai,H.,Sugimachi,M.,Suzuki,
S.& Takeshita,A.(1993)Impaired coro-
nary blood flow response to acetylcholine in

 
patients with coronary risk factors and prox-
imal atherosclerotic lesions. J. Clin. Invest.,
91,29-37.

Ekberg,G.,Grefberg,N.,Larsson,L.-O.&Vaara,I.
(1990)Cigarette smoking and glomerular

 
filtration rate in insulin-treated diabetics with-
out manifest nephropathy. J. Intern. Med.,
228,211-217.

Emmons,K.M.(1999) Smoking cessation and
 

tobacco control.An overview. Chest, 116

(3 Suppl.),490S-492S.
Emori,T.,Hirata,Y.,Ohta,K.,Shichiri,M.&

Marumo,F.(1989)Sectretory mechanism of
 

immunoreactive endothelin in cultured bovine
 

endothelial cells. Biochem. Biophys. Res.
Commun., 160,93-100.

Fabbian,F.,Catalano,C.,Lambertini,D.,Tarroni,G.,
Bordin,V.,Squerzanti,R.,Gilli,P.,Di Landro,
D.&Cavagna,R.(2000)Clinical characteris-
tics associated to atrial fibrillation in chronic

 
hemodialysis patients. Clin. Nephrol., 54,
234-239.

Gambara,V.,Ruggenenti,P.& Perna,A.(1997)
Smoking is the strongest predictor of mortal-
ity in non-insulin-dependent-diabetes(NIDD).
J. Am. Soc. Nephrol., 8,137A.

Gambaro,G.,Verlato,F.,Budakovic,A.,Casara,D.,
Saladini,G.,Del Prete,D.,Bertaglia,G.,
Masiero,M.,Checchetto,S.& Baggio,B.
(1998)Renal impairement in chronic ciga-
rette smokers. J. Am. Soc. Nephrol., 9,562-
567.

Gokal,R.,Baillod,R.,Bogle,S.,Hunt,L.,Jakubowski,
C.,Marsh,F.,Ogg,C.,Oliver,D.,Ward,M.&
Wilkinson,R.(1987)Multi-center study on

 
outcome of treatment in patients on continu-
ous ambulatory peritoneal dialysis and

 
haemodialysis.Nephrol. Dial. Transplant., 2,
172-178.

Grassi,G.,Seravalle,G.,Calhoun,D.A.,Bolla,G.B.,
Giannattasio,C.,Marabini,M.,Del Bo,A.&
Mancia,G.(1994)Mechanisms responsible

 
for sympathetic activation by cigarette smok-
ing in humans. Circulation, 90,248-253.

Groppelli,A.,Giorgi,D.M.A.,Omboni,S.,Parati,G.
&Manchia,G.(1992)Persistent blood pres-
sure increase induced by heavy smoking. J.
Hypertens., 10,495-499.

Haass,M.&Kubler,W.(1996)Nicotine and sym-
pathetic neurotransmission. Cardiovasc.
Drugs Ther., 10,657-665.

Halimi,J.-M.,Phillipon,C.& Mimran,A.(1998)
Contrasting renal effects of nicotine in

 
smokers and non-smokers.Nephrol. Dial.
Transplant., 13,940-944.

Halimi,J.-M.,Giraudeau,B.,Vol,S.,Caces,E.,Nivet,
H.,Lebranchu,Y.&Tichet,J.(2000)Effects

 
of current smoking and smoking discontinua-
tion on renal function and proteinuria in the

 
general population.Kidney  Int., 58,1285-
1292.

Hansen,K.W.,Pedersen,M.M.,Christiansen,J.S.&

S.R.Orth et al.12



 
Mogensen,C.E.(1994)Night blood pressure

 
and cigarette smoking:Disparate association

 
in healthy subjects and diabetic patients.
Blood Pressure, 3,381-388.

Hays,J.T.,Dale,L.C.,Hurt,R.D.& Croghan,I.T.
(1998)Trends in smoking-related diseases.
Why smoking cessation is still the best medi-
cine. Postgrad. Med., 104,56-71.

Hegeman,R.L.& Hunsicker,L.G.(1995)Chronic
 

rejection in renal allografts:importance of
 

cardiovascular risk factors. Clin. Trans-
plant., 9,135-139.

Hesse,E.(1907)Der Einflußdes Rauchens auf den
 

Kreislauf.Dtsch. Arch. Klin. Med., 89,565-
575.

Hostetter,T.H.(1995)Progression of renal disease
 

and renal hypertrophy.Annu. Rev. Physiol.,
57,263-278.

Huber,G.L.&Pandina,R.J.(1997)The economics
 

of tobacco use.In:The Tobacco Epidemic,
edited by Bollinger C.T.,Fagerstrom K.O.,
Basel,Freiburg,Paris,London,New York,
New Delhi,Bangkok,Singapore,Sydney,
Karger,p.12
 

Hultberg,B.,Isaksson,A.,Brattstrom,L.&Israelsson,
B.(1992)Elevated urinary excretion ofβ-
hexosaminidase in smokers. Eur. J. Clin.
Chem. Clin. Biochem., 30,131-133.

Ishikawa,H.(1994)Lipoprotein(a)is a risk factor
 

for cerebrovascular accident in patients with
 

chronic renal failure.Nippon Jinzo Gakkai
 

Shi, 36,846-852.
Jorenby,D.E.,Leischow,S.J.,Nides,M.A.,Rennard,

S.I.,Johnston,J.A.,Hughes,A.R.,Smith,S.S.,
Muramoto,M.L.,Daughton,D.M.,Doan,K.,
Fiore,M.C. & Baker, T.B.(1999) A

 
controlled trial of sustained-release bupropion,
a nicotine patch,or both for smoking cessa-
tion.N. Engl. J. Med., 340,685-691.

Junge,B.(1996)Tabak.In:Jahrbuch Sucht ’96,
edited by Deutsche Hauptstelle gegen die

 
Suchtgefahren,Hamm,p.69.

Kasiske,B.L.&Klinger,D.(2000)Cigarette smok-
ing in renal transplant recipients. J. Am. Soc.
Nephrol., 11,753-759.

Khan,I.H.,Catto,G.R.,Edward,N.&MacLeod,A.
M.(1995)Death during the first 90 days of

 
dialysis:a case control study.Am. J. Kidney

 
Dis., 25,276-280.

Klag,M.J.,Whelton,P.K.,Randall,B.L.,Neaton,J.D.,
Brancati,F.L.& Stamler,J.(1997)End-
stage renal disease in African-American and

 

white men.16-year MRFIT findings.
JAMA, 277,1293-1298.

Klahr,S.,Levey,A.S.,Beck,G.J.,Caggiula,A.W.,
Hunsicker,L.,Kusek,J.W.,Striker,G.&for

 
the Modification of Diet in Renal Disease
(MDRD)Study Group(1994)The effects of

 
dietary protein restriction and blood-pressure

 
control on the progression of chronic renal

 
disease.N. Engl. J. Med., 330,877-884.

Koch,M.,Thomas,B.,Tschope,W.&Ritz,E.(1993)
Survival and predictors of death in dialysed

 
diabetic patients.Diabetologia, 36,1113-1117.

Kyriakides,Z.S.,Kremastinos,D.T.,Rentoukas,E.,
Mavrogheni,S.,Kremastinos,D.I.& Touto-
uzas,P.(1992)Acute effects of cigarette

 
smoking on left ventricular diastolic function.
Eur. Heart J., 13,743-748.

Leavey,S.F.,Strawderman,R.L.,Young,E.W.,
Saran,R.,Roys,E.,Agodoa,L.Y.C.,Wolfe,R.
A.& Port,F.K.(2000)Cross-sectional and

 
longitudinal predictors of serum albumin in

 
hemodialysis patients.Kidney Int., 58,2119-
2128.

Mann,S.J.,James,G.D.,Wang,R.S.&Pickering,T.
G.(1991)Elevation of ambulatory systolic

 
blood pressure in hypertensive smokers.A

 
case control study. JAMA, 265,2226-2228.

Manson,J.E.,Tosteson,H.,Ridker,P.M.,Satterfield,
S.,Hebert,P.,O’Connor,G.T.,Buring,J.E.&
Hennekens,C.H.(1992)The primary preven-
tion of myocardial infarction.N. Engl. J.
Med., 326,1406-1416.

Matsumoto,N.,Ishimura,E.,Inaba,M.,Emoto,M.,
Kawagishi,T.& Nishizawa,Y.(1999)
Nitroglycerin-induced intrarenal hemo-
dynamic changes-Impact of type 2 diabetes

 
and smoking. J. Am. Soc. Nephrol., 10,
130A-131A.

McNagy,S.E.,Ahluwalia,J.S.,Clark,W.S.&
Resnicow,K.A.(1997)Cigarette smoking

 
and severe uncontrolled hypertension in inner-
city African Americans.Am. J. Med., 103,
121-127.

Mimic-Oka,J.,Simic,T.,Djukanovic,L.,Relijc,Z.&
Davicevic,Z.(1999)Alteration in plasma

 
antioxidant capacity in various degrees of

 
chronic renal failure. Clin. Nephrol., 51,233-
241.

Minami,J.,Ishimitsu,T.& Matsuoka,H.(1999)
Effects of smoking cessation on blood pres-
sure and heart rate variability in habitual

 
smokers.Hypertension, 33,586-590.

13 Smoking and the Kidney



 
Molander,L.,Hansson,A.,Lunell,E.,Alainentalo,L.,

Hoffmann,M.& Larsson,R.(2000)Phar-
macokinetics of nicotine in kidney failure.
Clin. Pharmacol. Ther., 68,250-260.

Morrow,J.D.,Frei,B.,Longmire,A.W.,Gaziano,J.
M.,Linch,S.M.,Shyr,Y.,Strauss,W.E.,Oates,
J.A.,Hill,K.E.& Roberts,L.J.II(1995)
Increase in circulating products of lipid perox-
idation(F-isoprostanes)in smokers:Smok-
ing as a cause of oxidative damage.N. Engl.
J. Med., 332,1198-1203.

Nakanishi,N.,Nakamura,K.,Matsuo,Y.,Suzuki,K.
&Tatara,K.(2000)Cigarette smoking and

 
risk for impaired fasting glucose and type 2

 
diabetes in middle-aged Japanese men.Ann.
Intern. Med., 133,183-191.

Noronha-Dutra,A.A.,Epperlein,M.M.&Woolf,N.
(1993)Effect of cigarette smoking on cul-
tured human endothelial cells. Cardiovasc.
Res., 27,774-778.

Orth,S.R.,Ritz,E.&Schrier,R.W.(1997)The renal
 

risks of smoking.Kidney Int., 51,1669-1677.
Orth,S.R.,Stockmann,A.,Conradt,C.& Ritz,E.

(1998)Smoking as a risk factor for end-stage
 

renal failure in men with primary renal dis-
ease.Kidney Int., 54,926-931.

Orth,S.R.(2000)Smoking-a renal risk factor.
Nephron, 86,12-26.

2001)Sympathetic overactivity and arterial hyper-
tension in renal failure.Nephrol. Dial. Trans-
plant., 16,67-69.

Ota,Y.,Kugiyama,K.,Sugiyama,S.,Ohgushi,M.,
Matsumura,T.,Doi,H.,Ogata,N.,Oka,H.&
Yasue, H.(1997) Impairement of

 
endothelium-dependent relaxation of rabbit

 
aortas by cigarette smoke extract-role of free

 
radicals and attenuation by captopril.
Atherosclerosis, 131,195-202.

Paivansalo,M.J.,Merikanto,J.,Savolainen,M.J.,
Lilja,M.,Rantala,A.O., Kauma, H.,
Reunanen,A.,Kesaniemi,Y.A.&Suramo,I.
(1998)Effect of hypertension,diabetes and

 
other cardiovascular risk factors on kidney

 
size in middle-aged adults. Clin. Nephrol.,50,
161-168.

Parfrey,P.S.&Harnett,J.D.(1994)Clinical aspects
 

of cardiomyopathy in dialysis patients.
Blood Purif., 12,267-276.

Paul,L.C.(2000)Chronic allograft nephropathy:
An update.Kidney Int., 56,783-793.

Perry,H.M,Jr.,Miller,J.P.,Rossiter Fornoff,J.,Baty,
J.D.,Sambhi,M.P.,Rutam,G.,Moskowitz,D.

W.& Carmody,S.E.(1995a)Early predic-
tors of 15-year end-stage renal disease in

 
hypertensive patients.Hypertension, 25,587-
594.

Perry,I.J.,Wannamethee,S.G.,Walker,M.K.,
Thomson,A.G.,Whincup,P.H.&Shaper,A.G.
(1995b)Prospective study of risk factors for

 
development of non-insulin dependent

 
diabetes in middle aged British men. BMJ,
310,560-564.

Pinto-Sietsma,S.J.,Mulder,J.,Janssen,W.M.,
Hillege,H.L.,de Zeeuw,D.& de Jong,P.
(2000)Smoking is related to albuminuria and

 
abnormal renal function in nondiabetic per-
sons.Ann. Intern. Med., 133,585-591.

Poulsen,P.L.,Ebbehoj,E.,Hansen,K.W.&
Mogensen,C.E.(1998)Effects of smoking on

 
24-h ambulatory blood pressure and auto-
nomic function in normoalbuminuric insulin-
dependent diabetes mellitus patients.Am. J.
Hypertens., 11,1093-1099.

Ra○ngemark,C.& Wennmalm,A
○
.(1992)Endo-

thelium-dependent and-independent vasodila-
tion and reactive hyperemia in healthy

 
smokers. J. Cardiovasc. Pharmacol., 20(Suppl.
12),S198-S201.

Regalado,M.,Yang,S.& Wesson,D.E.(2000)
Cigarette smoking is associated with aug-
mented progression of renal insufficiency in

 
severe essential hypertension.Am. J. Kid-
ney. Dis., 35,687-694.

Remuzzi,G.(1999)Cigarette smoking and renal
 

function impairement.Am. J. Kidney Dis.,
33,807-813.

Rimm,E.B.,Chan,J.,Stampfer,M.J.,Colditz,G.A.&
Willett,W.C.(1995)Prospective study of

 
cigarette smoking,alcohol use,and the risk of

 
diabetes in men. BMJ, 310,555-559.

Ritz,E.,Benck,U.,Franek,E.,Keller,C.,Seyfarth,M.
& Clorius,J.(1998)Effects of smoking on

 
renal hemodynamics in healthy volunteers

 
and in patients with glomerular disease. J.
Am. Soc. Nephrol., 9,1798-1804.

Samuelsson,O.&Attman,P.-O.(2000)Is smoking
 

a risk factor for progression of chronic renal
 

failure? Kidney Int., 58,2597.
Sawicki,P.T.,Didjurgeit,U.,Muhlhauser,I.,Bender,

R.,Heinemann,L.& Berger,M.(1994)
Smoking is associated with progression of

 
diabetic nephropathy.Diabetes Care, 17,126-
131.

Shears,L.L.,Kawaharada,N.,Tzeng,E.,Billiar,

S.R.Orth et al.14



 
T.R.,Watkins,S.C.,Kovesdi,I.,Lizonova,A.
& Pham,S.M.(1997)Inducible nitric oxide

 
synthase suppresses the development of allo-
graft arteriosclerosis. J. Clin. Invest., 100,
2035-2042.

Sleight,P.(1993) Smoking and hypertension.
Clin. Exp. Hypertens., 15,1181-1192.

Stegmayr,B.&Lithner,F.(1987)Tobacco and end
 

stage diabetic nephropathy. BMJ, 295,581-
582.

Stegmayr,B.G.(1990)A study of patients with
 

diabetes mellitus(type 1)and end-stage renal
 

failure:tobacco usage may increase risk of
 

nephropathy and death. J. Intern. Med., 228,
121-124.

Stengel,B.,Couchoud,C.,Cenee,S.& Hemon,D.
(2000)Age,blood pressure and smoking

 
effects on chronic renal failure in primary

 
glomerular nephropathies.Kidney  Int., 57,
2519-2526.

Stone,J.H.,Amend,W.& Criswell,L.A.(1998)
Outcome of renal transplantation in ninety-
seven cyclosporine-era patients with systemic

 
lupus erythematosus and matched controls.
Arthritis. Rheum., 41,1438-1445.

von der Leyen,H.E.,Gibbons,G.H.,Morishita,R.,
Lewis,N.P.,Zhang,L.,Nakajima,M.,Kaneda,
Y.,Cooke,J.P.& Dzau,V.J.(1995)Gene

 
therapy inhibiting neointimal vascular lesion:
in vivo transfer of endothelial cell nitric oxide

 
synthase gene. Proc. Natl. Acad. Sci. USA,
92,1137-1141.

Wang,X.L.,Sim,A.S.,Badenhop,R.F.,McCredie,
R.M.& Wilcken,D.E.L.(1996)A smoking-
dependent risk of coronary artery disease

 
associated with a polymorphism of the en-

dothelial nitric oxide synthase gene.Nat.
Med., 2,41-45.

Wang,X.L.,Adachi,T.,Sim,A.S.&Wilcken,D.E.L.
(1998)Plasma extracellular superoxide dis-
mutase levels in an Australian population

 
with coronary artery disease.Arterioscler.
Thromb. Vasc. Biol., 18,1915-1921.

Ward,M.M.& Studenski,S.(1992)Clinical prog-
nostic factors in lupus nephritis.The impor-
tance of hypertension and smoking.Arch.
Intern. Med., 152,2082-2088.

Wetzig,G.A.,Gough,I.R.& Furnival,C.M.(1985)
One hundred cases of arteriovenous fistula for

 
haemodialysis access:the effect of cigarette

 
smoking on patency.Aust. NZJ  Surg., 55,
551-554.

Whelton,P.K.,Randall,B.,Neaton,J.,Stamler,J.,
Brancati,F.L.&Klag,M.J.(1995)Cigarette

 
smoking and ESRD incidence in men screened

 
for the MRFIT. J. Am. Soc. Nephrol., 6,
408a.

Wong,L.T.Y.,Smyth,D.D.& Sitar,D.S.(1992)
Interference with renal organic cation trans-
port by(－)-and(＋)-nicotine at concentra-
tions documented in plasma of habitual

 
tobacco smokers. J. Pharmacol. Exp. Ther.,
261,21-25.

Yudkin,J.S.(1993)How can we best prolong life?
Benefits of coronary risk factor reduction in

 
non-diabetic and diabetic subjects. BMJ, 306,
1313-1318.

Yura,T.,Fukunaga,M.,Khan,R.,Nassar,G.N.,
Badr,K.F.& Montero,A.(1999)Free-
radical-generated F-isoprostane stimulates

 
cell proliferation and endothelin-1 expression

 
on endothelial cells.Kidney Int., 56,471-478.

15 Smoking and the Kidney


