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Abstract

Aims To evaluate the effect of cumulative smoking on the

development of diabetic nephropathy.

Methods Study included 3613 patients with type 1 dia-

betes, participating in the Finnish Diabetic Nephropathy

Study. The 12-year cumulative risk of microalbuminuria,

macroalbuminuria and end-stage renal disease (ESRD) was

estimated for current, ex- and nonsmokers. Cox regression

analyses, with multivariable adjustments for other risk

factors for diabetic nephropathy, were used to evaluate the

risk at different stages of diabetic nephropathy based on the

cumulative amount of smoking in pack-years.

Results The 12-year cumulative risk of microalbuminuria

was 18.9 % (95 % CI 14.6–23.0, P\ 0.0001) for current

smokers and 15.1 % (10.3–19.6, P = 0.087) for ex-

smokers, compared with 10.0 % (7.8–12.1) for nonsmok-

ers. The corresponding risks of macroalbuminuria were

14.4 % (95 % CI 10.8–17.9, P\ 0.0001), 6.1 % (3.5–8.6,

P = 0.082) and 4.7 % (3.0–6.4), respectively. The 12-year

cumulative risk of ESRD was 10.3 % (95 % CI 8.4–12.4,

P\ 0.0001) for current smokers and 10.0 % (7.9–12.3,

P\ 0.0001) for ex-smokers, compared with 5.6 %

(4.6–6.7) for nonsmokers. In the current smokers, one

pack-year increased the risk of macroalbuminuria with a

HR of 1.025 (1.010–1.041) and the risk of ESRD with a

HR of 1.014 (1.001–1.026) compared with nonsmokers, in

the fully adjusted model. In the ex-smokers, the risk of

macroalbuminuria and ESRD was no different from the

risk in nonsmokers after multivariable adjustment.

Conclusions Current smoking is a risk factor for the

progression of diabetic nephropathy and the risk increases

with the increasing dose of smoking. Ex-smokers seem to

carry a similar risk of progression of diabetic nephropathy

as nonsmokers.
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Introduction

Cigarette smoking is undoubtedly one of the most signifi-

cant environmental risk factors for premature death and

excess morbidity. Two recent population-based studies

from the US and the UK estimated that smoking reduces

overall life expectancy by at least 10 years [1, 2]. These

studies also showed that more than half of the deaths among

smokers are caused by smoking itself, a phenomenon

mainly due to the increased risk of cardiovascular disease

(CVD) and cancer. However, part of the excess morbidity

maybe explained by the deleterious effect on the kidneys.

Large population-based observational studies have reported

up to 30 % increase in the risk of chronic kidney disease

(CKD) in smokers compared with nonsmokers [3, 4].

Diabetic nephropathy is the leading cause of end-stage

renal disease (ESRD), the most severe form of chronic

kidney disease, requiring dialysis or kidney transplantation

[5]. Poor glycaemic control, high blood pressure, duration

of diabetes, male sex, microalbuminuria and an unfavour-

able lipid profile are known risk factors for the develop-

ment of diabetic nephropathy in patients with type 1

diabetes [6–8]. Smoking is also considered to have harmful

effects that contribute to the development of diabetic

nephropathy [9]. However, the data regarding the effects of

smoking on the initiation and development of diabetic

nephropathy have been all but consistent. Older studies, in

relatively small number of patients with type 1 diabetes,

showed that smoking is associated with an increased risk of

nephropathy [10–12], but in more recent larger prospective

studies, the results have been inconsistent. A study from

the USA showed that current smokers have a higher risk of

microalbuminuria during a 4-year follow-up [13]. A Dan-

ish prospective study showed that smoking is associated

with the progression of albuminuria [14]. However, two

other Danish prospective studies from the same group at

the Steno Diabetes Center showed contradictory results:

while in one smoking was not associated with the decline

in kidney function or the progression of albuminuria, in the

other smoking was not shown to be a risk factor for the

development of microalbuminuria [15, 16]. It is also of

note that although smoking was associated with micro- and

macroalbuminuria in the original EURODIAB study [17],

smoking was not associated with the progression of dia-

betic nephropathy in the EURODIAB prospective study

[18]. A follow-up study from Switzerland showed that

smoking was associated with poorer glycaemic control and

progression to macroalbuminuria, but not with the devel-

opment of microalbuminuria [19]. Finally, a German study

showed that although smoking is associated with the

decline in kidney function it does not increase the risk of

proteinuria [20].

Given that the true effect of smoking on the development of

diabetic nephropathy is still unresolved and a matter of debate,

we decided to further explore the effect of smoking on the

progression of diabetic nephropathy and on the development

of its most severe form, end-stage renal disease, in one of the

largest cohorts of patients with type 1 diabetes with and

without nephropathy, namely the prospective Finnish Dia-

betic Nephropathy Study (FinnDiane).

Methods

The study population consisted of participants from the

FinnDiane study, an ongoing, nationwide, prospective,

multicentre study, initiated in order to find genetic and

environmental risk factors for diabetic micro- and

macrovascular complications, with special emphasis on

diabetic nephropathy. Participating study centres included

all five university hospitals, all 16 central hospitals, the

majority of the regional hospitals and several major

healthcare centres in Finland. Patients with type 1 diabetes

were recruited at their regular outpatient visits. All patients

gave their informed and written consent. The study pro-

tocol is in accordance with the principles of the Declaration

of Helsinki as revised in 2000 and was approved by the

local ethics committees at each study centre.

At the baseline visit, the patients underwent a thorough

physical examination, blood samples were drawn, and a

wide variety of metabolic markers were analysed [21].

Patients filled in questionnaires regarding their lifestyle,

including their present or former smoking habits. Patients

smoking at least one cigarette per day for at least 1 year

were considered smokers, and patients who had stopped

smoking were considered ex-smokers. If the patients had

started smoking the same year they attended their baseline

visit, they were excluded from the study. Nonsmokers

included only patients who had never smoked. The

cumulative amount of smoking was calculated in pack-

years. The definition for one pack-year equals smoking 20

cigarettes per day during 1 year.

The renal status was based on two out of three consec-

utive overnight or 24-h urine collections. The definition of

normoalbuminuria was a urinary albumin excretion rate

(UAER) less than 20 lg/min (overnight) or 30 mg/24 h,

for microalbuminuria a UAER C20 \200 lg/min (over-

night) or C30 \300 mg/24 h and for macroalbuminuria a

UAER C 200 lg/min or C300 mg/24 h. ESRD was

defined as patients on dialysis or patients having undergone

kidney transplantation.

The estimated glomerular filtration rate (eGFR) was

calculated with the Chronic Kidney Disease Epidemiology

Collaboration (CKD-EPI) equation [22]. The estimated
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glucose disposal rate (eGDR) was calculated with an

equation modified for the use of HbA1c instead of HbA1,

(eGDR = 24.4–12.97 9 WHR - 3.39 9 AHT - 0.60 9

HbA1c), where WHR stands for waist-to-hip ratio and AHT

for antihypertensive treatment or blood pressure C140/

90 mmHg (yes = 1, no = 0) [23]. Patients were divided

into six different social classes according to their education

and employment status. For the analyses, the highest two

social classes were compared with the other groups.

During follow-up, renal status was assessed by review of

all recorded UAER values from the available medical files.

The follow-up data for ESRD were also based on the

information from The Care Register for Health Care and

The Drug Prescription Register until year 2013. The

change in renal status was verified based on at least two out

of three consecutive urinary collections. The follow-up of

the patients started at the baseline visit and ended when a

diagnosis of the complication in question (micro-,

macroalbuminuria or ESRD) was made, death from any

cause had occurred or re-examination of the patient or the

latest screening of their medical files had been performed.

Follow-up data for ESRD were available for 3613 patients

with data on smoking status (current, ex-, or nonsmoker)

and 3411 patients with more precise smoking data on pack-

years. Data for the development of earlier stages of

nephropathy were available for 3305 patients with smoking

status and 3121 patients with pack-year data. The risk of

development of macroalbuminuria was calculated for

patients with baseline normal UAER or microalbuminuria,

and the risk of ESRD was calculated for the whole

population.

Patients were divided into different groups according to

their smoking status. The baseline characteristics are pre-

sented as means (±standard deviation, SD) for normally

distributed values, otherwise as medians (interquartile

range). Categorical variables are reported as percentages.

Differences between the groups were analysed by ANOVA

for normally distributed continuous variables, otherwise by

the Kruskal–Wallis test. Categorical variables were anal-

ysed using the v2 test.

The 12-year cumulative incidence of microalbuminuria

and macroalbuminuria in the groups with different

smoking status was estimated using the Kaplan–Meier

method, and the log-rank test was used to test the differ-

ences between the groups. The 12-year cause-specific

cumulative incidence of ESRD was calculated by using

the Fine and Gray’s test with death as competing risk. The

cumulative effect of smoking was analysed by Cox

regression models with pack-year as continuous variable

providing hazard ratios (HRs) with 95 % CI for the

development of different stages of diabetic nephropathy.

In the multivariable models, the results were adjusted for

sex, duration of diabetes, HbA1c, systolic blood pressure,

HDL-cholesterol, triglycerides, BMI and social class. The

effect of smoking cessation on the development of diabetic

nephropathy in ex-smokers was analysed by Cox regres-

sion models using the years between smoking cessation

and baseline visit as continuous variable. The assumption

of the proportional hazards was tested by plotting

Schoenfeld residuals against time and testing a nonzero

slope by including time–covariate interaction. Finally,

restricted cubic spline graphs were used to graphically

evaluate the relationship between continuous measure of

pack-years and the combined any progression of diabetic

nephropathy or incident ESRD. P values\ 0.05 were

considered statistically significant. IBM SPSS statistics

version 22 (IBM Corporation, Armonk, NY, USA) and

SAS 9.3 version (SAS Institute Inc, Cary, NC) were used

for all statistical analyses.

Results

The overall follow-up time was 15,960 person-years for the

development of microalbuminuria (median follow-up time

6.5, IQR 4.3–10.1), 19,263 person-years for macroalbu-

minuria (median 6.5 IQR 4.3–10.0) and 42,090 person-

years for ESRD (median 12.2, IQR 10.0–14.0). Table 1

presents the clinical characteristics by smoking status at

baseline. The percentages of current smokers, ex-smokers

and nonsmokers were 25.8, 20.3 and 53.9 %, respectively.

Ex-smokers were older and had the longest duration of

diabetes. Current smokers had the highest HbA1c and

insulin dose and had together with the ex-smokers lower

eGDR than the nonsmokers, indicating that smokers have

poorer glycaemic control and are more insulin resistant.

The nonsmokers had the most favourable lipid profiles with

the highest HDL-cholesterol and the lowest LDL-choles-

terol and triglyceride concentrations. The percentage of

patients with micro- or macroalbuminuria was higher

among the current and the ex-smokers compared with the

patients who had never smoked. The number of pack-years

was higher in current smokers compared with the patients

who had quitted smoking.

The 12-year cumulative risk of microalbuminuria was

18.9 % (95 % CI 14.6–23.0, P\ 0.001) for current

smokers and 15.1 % (10.3–19.6, P = 0.087) for ex-

smokers, compared with 10.0 % (7.8–12.1) for nonsmok-

ers. The percentages for macroalbuminuria were 14.4 %

(95 % CI 10.8–17.9, P\ 0.0001), 6.1 % (3.5–8.6,

P = 0.082) and 4.7 % (3.0–6.4), respectively. The 12-year

cumulative risk of ESRD was 10.3 % (95 % CI 8.4–12.4,

P\ 0.0001) for current smokers and 10.0 % (7.9–12.3,

P\ 0.0001) for ex-smokers, compared with 5.6 %

(4.6–6.7) for nonsmokers. Figure 1 depicts the cumulative

risk of different stages of diabetic nephropathy.
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Tables 2, 3 and 4 present the results of the Cox

regression analysis for the development of different stages

of diabetic nephropathy according to pack-years. Current

smokers had a higher risk of developing microalbuminuria

with a HR of 1.024 (1.008–1.041) compared with non-

smokers, and after adjustments for sex, duration of dia-

betes, HbA1c, systolic blood pressure, HDL-cholesterol,

triglycerides and BMI, the HR was 1.021 (1.001–1.042).

However, after the adjustment for social class the differ-

ence was no longer significant. In ex-smokers, the HR for

microalbuminuria was 1.034 (1.014–1.054) in the fully

adjusted model. The risk of macroalbuminuria was higher

in current smokers, and the HR was 1.025 (1.010–1.041) in

the fully adjusted model. In contrast, the risk of developing

macroalbuminuria was no different in ex-smokers com-

pared with nonsmokers after adjustment for sex, duration,

HbA1 and systolic blood pressure.

In the Cox regression analysis for the development of

ESRD, one pack-year increased the risk of ESRD in current

smokers with a HR of 1.035 (95 % CI 1.025–1.045), and in

the fully adjusted model, the HR was 1.014(1.001–1.026).

For ex-smokers, one pack-year increased the risk of

progression with a HR of 1.026 (1.015–1.038) in the

unadjusted model. In the multivariable models, the risk in

ex-smokers was attenuated and was no longer significantly

different from nonsmokers.

When analysing the effect of smoking cessation in ex-

smokers, the risk of developing macroalbuminuria was

reduced with a HR of 0.931 (0.888–0.977) compared with

current smokers, per each year without smoking before the

baseline visit. The risk of microalbuminuria and ESRD was

also reduced in ex-smokers, but the differences were no

more significant after all adjustments. The Cox regression

results for ex-smokers are presented in supplementary

Table S1.

Figure 2a, b shows the restricted cubic splines for the

HRs for any progression of diabetic nephropathy and the

development of ESRD as a function of continuous mea-

sure of pack-years for current smokers. The risk was

increased with the increasing amount of pack-years, and

at 25-pack-years, the risk of any progression of diabetic

nephropathy was 1.8 times higher and the risk of ESRD

was 2.6 times higher in current smokers compared with

nonsmokers.

Table 1 Baseline patient characteristics according to the smoking status

Current smokers P value Ex-smokers P value Nonsmokers

n 932 735 1946

Men (%) 521 (55.9) \0.0001 427 (58.1) \0.0001 896 (46.0)

Age (years) 35.3 (27.4–43.8) NS 42.9 (32.8–50.6) \0.0001 35.1 (26.5–44.9)

Duration of diabetes (years) 18.2 (10.2–26.3) \0.0001 24.3 (14.0–32.8) \0.0001 20.0 (11.0–29.9)

Age at onset of diabetes (years) 14.5 (9.3–24.7) 0.003 15.9 (10.2–25.6) \0.0001 13.7 (9.0–20.8)

HbA1c % (mmol/mol) 8.8 ± 1.5 (72.4 ± 16.4) \0.0001 8.4 ± 1.4 (68.4 ± 15.6) NS 8.3 ± 1.5 (67.1 ± 16.2)

BMI (kg/m2) 24.5 ± 3.5 0.001 25.8 ± 3.6 \0.0001 25.0 ± 3.5

Systolic blood pressure (mmHg) 131 ± 18 NS 137 ± 19 \0.0001 132 ± 17

Diastolic blood pressure (mmHg) 79 ± 10 NS 80 ± 9 \0.0001 78 ± 10

Cholesterol (mmol/l) 4.98 ± 0.95 \0.001 5.00 ± 0.98 \0.0001 4.83 ± 0.93

LDL-cholesterol (mmol/l) 3.06 ± 0.88 0.003 3.09 ± 0.84 \0.001 2.96 ± 0.81

HDL-cholesterol (mmol/l) 1.30 ± 0.40 \0.001 1.34 ± 0.37 NS 1.36 ± 0.37

Triglycerides (mmol/l) 1.11 (0.83–1.64) \0.0001 1.04 (0.79–1.51) \0.0001 0.95 (0.72–1.31)

eGFR (ml min-1 1.73 m-2) 91.6 ± 27.9 NS 82.8 ± 26.7 \0.0001 90.0 ± 24.7

Insulin dose (IU/kg) 0.73 (0.60–0.90) \0.0001 0.64 (0.51–0.79) \0.001 0.67 (0.54–0.83)

Estimated glucose disposal rate

(mg kg-1 min-1)

6.1 (4.2–8.3) \0.0001 5.4 (3.9–7.9) \0.0001 7.1 (4.9–8.9)

Smoking dose (cigarettes/day) 15 (10–20) NSa 13 (9–20) – –

Pack-years 11.0 (4.8–19.8) \0.0001a 6.5 (2.3–16.0) – –

Time since smoking cessation (years) – – 9.0 (3.0–17.0) – –

Normoalbuminuria (%) 64.6 \0.0001 62.4 \0.0001 75.4

Microalbuminuria (%) 17.4 \0.0001 15.0 \0.0001 12.6

Macroalbuminuria (%) 18.0 \0.0001 22.6 \0.0001 12.0

Data are expressed as mean (±SD), median (IQR) or percentages

P value refers to ANOVA, Kruskal–Wallis test or v2 test. P values represent comparison with nonsmokers
a Comparison between current and ex-smoker
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Discussion

In this large observational study of patients with type 1

diabetes, we were able to show that cumulative smoking is

associated with the development of different stages of

diabetic nephropathy. In current smokers, the 12-year

cumulative risks of microalbuminuria (18.9 %), macroal-

buminuria (14.4 %) and ESRD (10.3 %) were higher

compared with nonsmokers (10.0, 4.7 and 5.6 %, respec-

tively). In current smokers, each pack-year increased the

risk of macroalbuminuria by 2.5 % and risk of ESRD with

1.4 % compared with nonsmokers. The risk of microal-

buminuria was also higher in current smokers compared

with nonsmokers, although the difference was not signifi-

cant after adjustments for other risk factors for diabetic

nephropathy.

The 12-year cumulative risk of microalbuminuria and

macroalbuminuria was not significantly higher in ex-

smokers compared with nonsmokers (15.1 vs. 10.0 % and

6.1 vs. 4.6 %). However, the 12-year cumulative risk of

ESRD was significantly higher in ex-smokers compared

with nonsmokers (10.0 versus 5.6 %). In the Cox regres-

sion analyses, the risk of microalbuminuria was higher in

ex-smokers compared with nonsmokers after all the

adjustments. However, in the analyses for the risk of

macroalbuminuria and ESRD the difference between ex-

and nonsmokers was attenuated after adjustments for

duration of diabetes and HbA1c, and the difference was no

longer significant. This indicates that the risk of diabetic

nephropathy in ex-smokers is no different from the risk in

nonsmokers with similar duration of diabetes and glucose

control. Based on these data, it is obvious that smoking

cessation has a beneficial effect on the development of

diabetic nephropathy as the risk of macroalbuminuria was

decreased by 6.9 % per each year without smoking before

the baseline visit compared with the patients who were

current smokers at baseline.

Compared with previous prospective studies, our study

had a much larger sample size. Many of the older studies

included a rather small number of patients and had a short

follow-up time [9–12]. Although the original EURODIAB

study included a similar amount of patients as our study,

the analyses were only cross-sectional and it is of note

that in the smaller follow-up study smoking was not a risk

factor for macroalbuminuria [17, 18]. Our results are,

however, very similar to the data observed by the Danish

prospective study with a 10-year follow-up that showed

that current smokers are at higher risk of micro- and

bFig. 1 Cumulative risk of microalbuminuria (a), macroalbuminuria

(b) and ESRD (c) during the follow-up. Solid line = nonsmokers,

dashed line = ex-smokers, dotted line = current smokers
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macroalbuminuria. It is, however, of note that the ex-

smokers were not separated from the current or non-

smokers in that study [14]. The reason why Hovind et al.

[15] did not see an association between smoking and an

increase in albuminuria in patients who already had

micro- or macroalbuminuria, may be the rather small

number of patients studied (176 smokers and 94 non-

smokers) and shorter follow-up time (7 years) compared

with our follow-up time for ESRD of 12 years. Another

prospective study by Hovind et al. [16] including 277

patients with normal UAER observed that smoking was

not associated with the development of microalbuminuria

during 18-year follow-up. Also in our study, the risk of

microalbuminuria was not significantly higher in the

current smokers than in the nonsmokers after all the

multivariable adjustments. However, there was a trend

towards a higher risk of microalbuminuria in the current

smokers.

Table 2 Cox regression results

for the development of

microalbuminuria according to

pack-years

Current smokers (n = 139/1769) Ex-smokers (n = 121/1666)

HR (95 % CI) P value HR (95 % CI) P value

Model 1 1.024 (1.008–1.041) 0.003 1.044 (1.025–1.064) \0.0001

Model 2 1.018 (0.999–1.038) 0.070 1.040 (1.020–1.059) \0.0001

Model 3 1.021 (1.001–1.042) 0.039 1.035 (1.015–1.055) \0.001

Model 4 1.020 (0.999–1.040) 0.057 1.034 (1.014–1.054) \0.001

Hazard ratios per one pack-year compared with nonsmokers

Model 1 unadjusted; Model 2 adjusted for sex, duration of diabetes, HbA1c and systolic blood pressure;

Model 3 adjusted for sex, duration of diabetes, HbA1c, systolic blood pressure, HDL-cholesterol, triglyc-

erides and BMI; Model 4 adjusted for sex, duration of diabetes, HbA1c, systolic blood pressure, HDL-

cholesterol and triglycerides BMI and social class. n is the number of microalbuminuria events per the total

number of patients (current ? nonsmokers or ex-smokers ? nonsmokers)

Table 3 Cox regression results

for the development of

macroalbuminuria from normo-

or microalbuminuria according

to pack-years

Current smokers (n = 92/2122) Ex-smokers (n = 59/1979)

HR (95 % CI) P value HR (95 % CI) P value

Model 1 1.039 (1.027–1.052) \0.0001 1.027 (1.007–1.048) 0.008

Model 2 1.029 (1.015–1.043) \0.0001 1.022 (0.998–1.046) 0.071

Model 3 1.029 (1.014–1.043) \0.0001 1.019 (0.993–1.045) 0.149

Model 4 1.025 (1.010–1.041) \0.001 1.017 (0.992–1.043) 0.179

Hazard ratios per one pack-year compared with nonsmokers

Model 1 unadjusted; Model 2 adjusted for sex, duration of diabetes, HbA1c and systolic blood pressure;

Model 3 adjusted for sex, duration of diabetes, HbA1c, systolic blood pressure, HDL-cholesterol, triglyc-

erides and BMI; Model 4 adjusted for sex, duration of diabetes, HbA1c, systolic blood pressure, HDL-

cholesterol and triglycerides BMI and social class. n is the number of macroalbuminuria events per the total

number of patients (current ? nonsmokers or ex-smokers ? nonsmokers)

Table 4 Cox regression results

for the development of ESRD

according to pack-years

Current smokers (n = 200/2753) Ex-smokers (n = 186/2605)

HR (95 % CI) P value HR (95 % CI) P value

Model 1 1.035 (1.025–1.045) \0.0001 1.026 (1.015–1.038) \0.0001

Model 2 1.019 (1.008–1.029) \0.001 1.006 (0.992–1.021) 0.378

Model 3 1.016 (1.004–1.027) 0.006 0.995 (0.978–1.012) 0.543

Model 4 1.014 (1.001–1.026) 0.031 0.997 (0.978–1.015) 0.712

Hazard ratios per one pack-year compared with nonsmokers

Model 1 unadjusted; Model 2 adjusted for sex, duration of diabetes, HbA1c and systolic blood pressure;

Model 3 adjusted for sex, duration of diabetes, HbA1c, systolic blood pressure, HDL-cholesterol, triglyc-

erides and BMI; Model 4 adjusted for sex, duration of diabetes, HbA1c, systolic blood pressure, HDL-

cholesterol and triglycerides BMI and social class. n is the number of ESRD events per the total number of

patients (current ? nonsmokers or ex-smokers ? nonsmokers)
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A number of mechanisms have been suggested to

explain the increased risk of diabetic nephropathy in

smokers. Diabetic nephropathy is a disease of the small

blood vessels, and smoking has harmful effects on the

vasculature through direct effects on the endothelium,

prothrombotic factors, platelet activation, oxidative stress

and inflammation [24]. In patients with diabetes, smoking

is also affecting the glucose metabolism and is associated

with worse glycaemic control and insulin resistance [19,

25–30]. In our study, the current smokers had higher

baseline HbA1c and lower eGDR compared with non-

smokers, and their daily insulin dose was also higher.

Therefore, impaired glycaemic control and insulin resis-

tance are likely to be key factors contributing to the dele-

terious effects of smoking. Smokers had also a less

favourable lipid profile with higher triglyceride concen-

trations, which are by themselves associated with the

progression of diabetic nephropathy [31]. The increased

risk of progression of diabetic nephropathy in the current

and the ex-smokers was attenuated after adjustments for

HbA1c and the lipid variables, indicating that a part of the

harmful effects of smoking is in fact mediated through

glucose control and lipids.

The main strength of this study is the large number of

patients with comprehensive baseline and follow-up data

on the progression of diabetic nephropathy. However, our

study has some limitations. Smoking status was based on

self-reported questionnaires, and no laboratory measure-

ments such as serum cotinine levels were measured. This

may have influenced the results, although most probably by

diluting the difference between the smokers and the non-

smokers, as some smokers could have reported being

nonsmokers or ex-smokers. We did not have comprehen-

sive data on smoking status during follow-up, and thus,

some patients may have ceased or started smoking during

the study period. Although the overall follow-up time for

the progression of nephropathy was long, the individual

follow-up time for some patients was rather short, and this

may affect the risk of progression in these patients. How-

ever, in the analyses for ESRD the follow-up time was long

enough in the whole study population.

Although the overall smoking prevalence has decreased

during the last decades in Finland, 22 % of men and 15 %

of women are still smoking. The proportion of smoking

men has decreased steadily from the 1980s, but the pro-

portion of smoking women has after a steady increase

started to decrease only during the last few years [32]. It is

of note that almost half of the patients with type 1 diabetes

in the FinnDiane Study are current or ex-smokers, and

given the obvious health hazards related to smoking and

the obvious increased risk of progression of diabetic

nephropathy, it is of outmost importance to counsel

patients to quit smoking.

To our knowledge, this is the first study to address the

association between cumulative smoking and the devel-

opment of diabetic nephropathy using continuous pack-

year data. Based on our results, we can conclude that

smokers carry a higher risk of progression of diabetic

nephropathy, and this risk increases with the increasing

cumulative dose of smoking. However, in ex-smokers, the

risk of progression of nephropathy decreases after smoking

cessation and gradually equalizes with the risk seen in

nonsmokers. The increased risk of macroalbuminuria and

ESRD in current smokers was seen also after the most

important other risk factors for diabetic nephropathy were

taken into account, and therefore, the results indicate that

smoking is a true and independent risk factor for the

development of diabetic nephropathy.

Fig. 2 Restricted cubic splines of HRs for any progression of

diabetic nephropathy (a) and development of ESRD (b) during the

follow-up. HR is presented as a function of continuous measure of

pack-years for current smokers. 95 % CIs are represented by the

dotted lines

Acta Diabetol (2016) 53:525–533 531

123



Acknowledgments The authors would like to acknowledge all

physicians and nurses at each FinnDiane Center participating in

patient recruitment and characterization (see online supplement).

Funding This research was supported by grants from the Folkhälsan
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