
ARTICLE

Dose-dependent effect of smoking on risk of coronary heart disease,
heart failure and stroke in individuals with type 1 diabetes

Maija Feodoroff1,2,3 & Valma Harjutsalo1,2,3,4
& Carol Forsblom1,2,3

& Per-Henrik Groop1,2,3,5
& on behalf of the FinnDiane

Study Group

Received: 4 February 2018 /Accepted: 2 August 2018 /Published online: 18 September 2018
# Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract
Aims/hypothesis The aim of this study was to assess the potential dose-dependent effects of smoking on the risk of CHD, heart
failure and stroke in individuals with type 1 diabetes.
Methods The study included 4506 individuals with type 1 diabetes who were participating in the Finnish Diabetic Nephropathy
(FinnDiane) study. Intensity of smoking was estimated by packs per day and cumulative smoking by pack-years. Cox regression
analyses were used to estimate the risk of incident CHD, heart failure or stroke during follow-up.
Results One pack per day significantly increased the risk of incident CHD in current smokers compared with never
smokers (HR 1.45 [95% CI 1.15, 1.84]), after adjustment for age, sex, HbA1c, hypertension, duration of diabetes and
BMI. The risk of CHD in former smokers was similar to the risk in never smokers. The risk of incident heart failure was
1.43 (95% CI 1.03, 1.97) in current smokers per one pack per day and 1.37 (95% CI 1.05, 1.77) in former smokers, while
the risk of incident stroke was 1.70 (95% CI 1.26, 2.29) and 1.49 (95% CI 1.14, 1.93), respectively. After further
adjustments for lipids, however, the difference in the risk of heart failure in current and former smokers was no longer
significant. Cumulative smoking data were similar to smoking intensity data.
Conclusions/interpretation There is a dose-dependent association between smoking and cardiovascular disease in individuals
with type 1 diabetes. In men in particular, the risk of incident stroke remains high even after smoking cessation and is increased in
current and former smokers independently of other risk factors.
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Abbreviations
CPD Cigarettes per day
CVD Cardiovascular disease
FinnDiane Finnish Diabetic Nephropathy study
IQR Interquartile range

Introduction

Smoking is a major modifiable risk factor for cardiovascular
morbidity and mortality among individuals with diabetes [1].
According to a study on diabetes care conducted in the USA
between 1999 and 2010, the control of modifiable risk factors
among individuals with diabetes has generally improved [2].
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However, based on the same study, this is not the case with
smoking; the prevalence of current smokers is still high, ex-
ceeding 20%, and has not changed during the last 10 years. A
recent meta-analysis concluded that smoking is associated
with an increased risk of all-cause mortality and cardiovascu-
lar events among individuals with diabetes [3]. However, most
previous studies on this topic have included individuals with
type 2 diabetes, and only a few have concentrated on indivi-
duals with type 1 diabetes.

The results of the available studies on the risk of CHD in
individuals with type 1 diabetes have been conflicting, and
most have not specifically assessed the risk of CHD but have
instead addressed overall cardiovascular mortality or the com-
bined risk of major outcomes [4–12]. In the general popula-
tion, smoking is considered to be a risk factor for heart failure
[13]. However, studies regarding the risk of incident heart
failure in individuals with type 1 diabetes are scarce, and the
two studies available reported contradictory findings regar-
ding the effect of smoking on the risk of heart failure [14,
15]. Current smoking is associated with an increased risk of
both ischaemic and haemorrhagic stroke in the general popu-
lation [16, 17]. However, studies including only individuals
with type 1 diabetes have not been able to show a similar
association [7, 9, 18].

Although smoking is recognised as an important risk factor
for cardiovascular disease (CVD) in the general population,
the findings in individuals with type 1 diabetes have been
conflicting and, therefore, the potential excess risk of CVD
among individuals with type 1 diabetes who smoke has still to

be proven. Of note, previous studies have often combined
former smokers with either never smokers or current smokers,
despite several studies showing that the risk of CVD is
attenuated after smoking cessation [19–21].

Furthermore, all previous studies in individuals with type 1
diabetes have lacked dose–response analyses. In recent years,
epidemiologists have debated the best way to quantify
smoking as a risk factor for CVD [22]. Traditionally, exposure
to smoking has been calculated in pack-years [23, 24].
However, a recent study suggested that the best method is to
use the intensity of smoking in packs per day [25]. Given the
obvious gap in quantifying the exposure to smoking in indi-
viduals with type 1 diabetes, we decided to study the asso-
ciation between CVD outcomes and smoking in individuals
with type 1 diabetes using both intensity of smoking in packs
per day and cumulative smoking in pack-years as measures of
smoking exposure.

Methods

The study is part of the Finnish Diabetic Nephropathy
(FinnDiane) study, an ongoing, nationwide, multicentre study
that is aiming at identifying genetic and environmental risk
factors for diabetic micro- and macrovascular complications.
All five university hospitals, all 16 central hospitals, most
regional hospitals and several major healthcare centres in
Finland took part in the recruitment and characterisation of
participants for the FinnDiane study. Individuals with type 1

Research in context 

What is already known about this subject? 

In the general population, smoking is an important risk factor for cardiovascular mortality and morbidity

Smoking also increases mortality in individuals with type 1 diabetes 

In the general population, the excess risk in smokers increases in a dose–response manner 

What is the key question? 

Is there a dose-dependent effect of smoking on cardiovascular outcomes such as CHD, heart failure and stroke in
individuals with type 1 diabetes? 

What are the new findings? 

Smoking dose-dependently affects the risk of CHD, heart failure and stroke in individuals with type 1 diabetes

After smoking cessation, the risk of CHD reduces to the same level as in never smokers 

Particularly in men, the effect of smoking seems to be more persistent regarding the development of ischaemic
stroke, and this risk remains high even after smoking cessation 

How might this impact on clinical practice in the foreseeable future? 

Former smokers might retain an elevated risk of cardiovascular disease, and this should be taken into account when
managing other risk factors for cardiovascular disease in these individuals
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diabetes were recruited at their regular outpatient visits.
Recruitment started in 1994 and all participants who had been
enrolled by the end of 2013were included in the present study.
For the current study, we analysed data from 4506 partici-
pants. Exclusion criteria were missing or unclear data on base-
line smoking status (n = 261) and unclear follow-up data re-
garding CVD (n = 4). The entire FinnDiane protocol has pre-
viously been described in detail [26]. All participants gave
written informed consent. The study protocol was in accor-
dance with the principles of the Declaration of Helsinki as
revised in 2000 and was approved by the ethics committee
of Helsinki and Uusimaa Hospital District.

Lifestyle factors were assessed at the baseline visit using
questionnaires, which included questions on current and for-
mer smoking habits. Participants smoking at least one ciga-
rette per day (CPD) for at least 1 year were considered
smokers, and participants who had stopped smoking before
the baseline visit were considered former smokers. Never
smokers were only participants who had never smoked during
their lifetime. Smoking habits were also checked at any later
prospective visits (data available for 1566 participants) as well
as through a follow-up questionnaire that was mailed to par-
ticipants in 2015 (data available for 1903 participants). Based
on this additional information, missing baseline smoking sta-
tus was reconstructed for 118 participants (2.6%) and
corrected for 46 participants (1.0%). Smoking intensity was
calculated using packs (i.e. 20 cigarettes) per day. Cumulative
smoking was measured using pack-years, where 1 pack-year
equals smoking 20 CPD during 1 year.

Participants underwent a thorough physical examination,
and blood and urine samples were collected. Participants were
considered to have hypertension if the mean BP was ≥140/
90 mmHg or they were taking antihypertensive medication.
BMI was calculated as weight (kg) divided by the square of
height (m). Baseline diabetic nephropathy was defined as
either macroalbuminuria (urinary albumin excretion rate
≥200 μg/min or ≥300 mg/24 h) or end-stage renal disease
(dialysis or kidney transplant). Participants were divided into
six different social classes based on their education and occu-
pational status.

Follow-up data for incident cardiovascular events were
based on the Finnish Care Register for Health Care or Cause
of Death Register. The following International Classification
of Diseases (ICD) and other codes were used for CHD: myo-
cardial infarction (ICD-8/9 [www.icd9data.com/2007/
Volume1] 410, ICD-10 [http://apps.who.int/classifications/
icd10/browse/2016/en] I21–I22) or coronary intervention
codes for coronary artery bypass surgery or balloon
angioplasty (procedure codes based on the Nordic Medico-
Statistical Committee [NOMESCO] since 1996 http://
nordclass.se/ncsp_e.htm and https://thl.fi/fi/web/kansantaudit/
sydan-ja-verisuonitaudit/sydan-ja-verisuonitautirekisteri,
accessed 12 August 2018: TFN40, FN1AT, FN1BT, FN1YT

[all from the Finnish version of the NOMESCO codes], FNF,
FNG, FNA, FNB, FNC, FND, FNE; and surgical procedure
codes according to the procedure classification of the Finnish
Hospital Association 1983-1995 [27]: 5311–5315); heart fail-
ure (ICD-8 4270, 4271, 7824, ICD-9 4280–4289, ICD-10
I50); and ischaemic/haemorrhagic stroke (ICD-8/9430–434,
ICD-10 I60–I64). All participants without an existing condi-
tion of the diagnosis in question were included in the analyses.
Follow-up started at the baseline visit and ended with a diag-
nosis of CHD, heart failure or stroke, death from any cause or
the end of year 2014.

Statistical analyses Based on smoking status, the participants
were divided into three groups: never, current and former
smokers. Data on baseline characteristics are presented as
means ± SD for normally distributed values, and otherwise
as medians (interquartile range [IQR]). Categorical variables
are reported as percentages. Differences between groups were
analysed using ANOVA for normally distributed continuous
variables, and otherwise using the Kruskal–Wallis test.
Differences between categorical variables were analysed
using the χ2 test.

The effects of smoking status, intensity of smoking and
cumulative smoking were analysed using Cox regression
models, providing HRs with 95% CIs for the development of
CHD, heart failure and combined ischaemic or haemorrhagic
stroke. Never smokers were used as the reference group and
smoking status was used as a categorical variable. Non-
linearity of the effects of packs per day and pack-years on
CVD outcomes were tested using restricted cubic spline
models (electronic supplementary material [ESM] Figs 1, 2).
Packs per day and pack-years were used both as continuous
variables and as dichotomised categorical variables.

Possible confounding factors were included in four different
models. In the first model, the results were adjusted for age and
sex. In the second model, social class (the two highest classes
compared with the others) and baseline alcohol intake (yes/no)
were also included as environmental risk factors. In the third
and fourth models, the results were adjusted for traditional risk
factors for CVD: HbA1c, hypertension, duration of diabetes,
BMI, HDL-cholesterol and loge triacylglycerol. If the results
were significant in the fourth model, the presence of diabetic
nephropathy was added into the model. Interaction terms
between sex and packs per day and pack-years were entered
into the models and, in the case of no interaction, men and
women were pooled; otherwise, the modelling was performed
separately for men and women. Finally, to verify our findings,
we performed a meta-analysis with three previous studies [7, 9,
10] that had reported risk estimates for CHD or stroke in
individuals with type 1 diabetes based on smoking status. We
used odds ratios or hazard ratios to calculate summary mea-
sures. Meta-analyses were conducted by using random-effects
models by the %METAANAL SAS macro [28].
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Findings were considered statistically significant at
p < 0.05. IBM SPSS statistics version 24 (IBM Corporation,
Armonk, NY, USA) and SAS version 9.4 (SAS Institute, Cary,
NC, USA) were used for all statistical analyses.

Results

Risk of CVD based on smoking status Participants’ baseline
characteristics are shown in Table 1. The participants were
divided based on smoking status as follows: never smokers
2335 (51.8%), current smokers 1147 (25.5%) and former
smokers 1024 (22.7%). The proportion of men was higher
among current and former smokers compared with never
smokers. Current smokers had shorter duration of diabetes,
lower BMI and poorer HbA1c and lipid values compared with
never smokers, but there were no differences in BPs. Former
smokers were older, had a longer duration of diabetes, higher
BP and poorer lipid values compared with never smokers. The
proportion of participants in the two highest social classes was
lower among current and former smokers than among never
smokers. Higher proportions of current and former smokers vs
never smokers also consumed alcohol.

The overall follow-up time for CHD was 53,062 person-
years, with a median follow-up of 13.6 (IQR 10.6–15.7) years.

Corresponding follow-up times were 55,856 person-years for
heart failure, with a median of 13.8 (IQR 10.9–15.8) years,
and 54,518 person-years for any stroke, with a median of 13.7
(IQR 10.8–15.8) years. During follow-up, there were 512 in-
cident CHD, 313 heart failure, 304 any stroke, 240 ischaemic
and 83 haemorrhagic stroke events.

Table 2 presents the cumulative risk of CVD based on
baseline smoking status. Current smokers had a higher risk
of CHD with an HR of 1.35 (95% CI 1.08, 1.69), but the risk
of CHD in former smokers was similar to that of never
smokers. In contrast, the risk of heart failure was higher in
both current smokers (HR 1.42 [95% CI 1.05, 1.93]) and
former smokers (HR 1.35 [95% CI 1.04, 1.76]). However,
after further adjustments for lipids, the risk of CHD in current
smokers and the risk of heart failure in current and former
smokers was attenuated and the difference compared with
never smokers was no longer significant. There was an inte-
raction between sex and smoking status regarding the risk of
any stroke (p = 0.02) and the data were analysed separately for
men and women. In men, both current and former smokers
had a higher risk of any stroke compared with never smokers,
and the difference was significant even after baseline diabetic
nephropathy status was added into the final model (current
smokers: HR 1.90 [95% CI 1.29, 2.82]; former smokers: HR
1.92 [95% CI 1.32, 2.80]; data not shown). In women, there

Table 1 Baseline participant characteristics according to smoking status

Characteristic Never (n = 2335) Current (n = 1147) p valuea Former (n = 1024) p valuea

Men 1079 (46.2) 656 (57.2) <0.0001 602 (58.8) <0.0001

Age, years 36.4 (27.4–46.6) 36.3 (28.0–44.4) NS 43.8 (34.4–51.3) <0.0001

Duration of diabetes, years 21.0 (11.8–31.1) 18.7 (10.5–27.0) <0.0001 26.3 (16.6–34.1) <0.0001

HbA1c, mmol/mol 67.3 ± 16.0 72.0 ± 16.4 <0.0001 68.1 ± 15.5 NS

HbA1c, % 8.3 ± 1.5 8.7 ± 1.5 8.4 ± 1.4

BMI, kg/m2 25.1 ± 3.7 24.5 ± 3.5 <0.0001 25.7 ± 3.8 <0.0001

Systolic BP, mmHg 133 ± 18 133 ± 19 NS 139 ± 20 <0.0001

Diastolic BP, mmHg 79 ± 10 79 ± 11 NS 81 ± 10 <0.0001

Total cholesterol, mmol/l 4.85 ± 0.96 5.00 ± 1.00 <0.0001 4.99 ± 1.02 <0.001

LDL-cholesterol, mmol/l 2.98 ± 0.83 3.10 ± 0.92 <0.001 3.12 ± 0.86 <0.0001

HDL-cholesterol, mmol/l 1.37 ± 0.38 1.30 ± 0.41 <0.0001 1.32 ± 0.40 0.005

Triacylglycerol, mmol/l 0.97 (0.74–1.36) 1.13 (0.84–1.67) <0.0001 1.09 (0.81–1.59) <0.0001

Smoking, CPD 15 (10–20) 13 (8–20) NSb

Smoking intensity, packs per day 0.75 (0.5–1.00) 0.65 (0.40–1.00) NSb

Cumulative smoking, pack-years 11.5 (5.0–21.0) 7.5 (2.5–17.1) <0.0001b

Social class, two highest classesc 839/2208 (38.0) 212/1065 (19.9) <0.0001 288/957 (30.1) <0.0001

Alcohol use, yesc 1336/2144 (62.3) 830/1042 (79.7) <0.0001 682/944 (72.2) <0.0001

Nephropathy at baselinec 378/2223 (17.0) 258/1098 (23.5) <0.0001 338/991 (34.1) <0.0001

Data are expressed as means ± SD, median (IQR) or n (%)

p values were obtained using ANOVA, Kruskal–Wallis test or χ2 test
a p values are vs never smokers
b p value for comparisons between current and former smokers. cMissing data. Values are shown as n/total included in analysis (%)

Diabetologia (2018) 61:2580–2589 2583



were no significant differences between current/former and
never smokers regarding the risk of stroke.

The effect of smoking on risk of ischaemic and haemorrhagic
stroke ESM Table 1 shows the results of Cox regression
analyses for the risk of ischaemic and haemorrhagic stroke.
There was an interaction between sex and smoking status
regarding ischaemic stroke (p = 0.008) and the results are
shown separately for men and women. In men, the risk of
ischaemic stroke was higher for both current and former
smokers in all multivariable models and also after baseline
diabetic nephropathy status was added into the model (current
smokers: HR 2.10 [95% CI 1.33, 3.32]; former smokers: HR
2.40 [95% CI 1.57, 3.67]; data not shown). Again, in women,
the risk of ischaemic stroke was similar in all groups. In men
and women combined, the risk of haemorrhagic stroke was
elevated among current smokers after adjustment for age, sex,
social class and alcohol intake (HR 1.86 [95%CI 1.06, 3.27]),
but adjustments for other CVD risk factors diluted the results
and the difference between current and never smokers was no
longer significant.

Risk of CVD based on intensity of smoking (packs per day)
Table 3 presents the results of Cox regression analyses for the
risk of CHD, heart failure and combined ischaemic and
haemorrhagic stroke based on the intensity of smoking in
packs per day. Current smokers had a higher risk of CHD
compared with never smokers, with an HR of 1.28 (95% CI
1.00, 1.63) per one pack per day, adjusted for age, sex, HbA1c,
hypertension, duration of diabetes, BMI, HDL-cholesterol

and loge triacylglycerol. However, when the presence of ne-
phropathy was included in the model, the difference was no
longer significant (HR 1.20 [95% CI 0.93, 1.54]). In former
smokers, the risk of incident CHD was higher compared with
never smokers, with an HR of 1.25 (95% CI 1.00, 1.56) when
the results were adjusted for age and sex. However, the results
were attenuated after adjustment for other CVD risk factors
and the difference was no longer significant.

One pack per day increased the risk of heart failure in
current smokers (HR 1.43 [95% CI 1.03, 1.97]) and former
smokers (HR 1.37 [95% CI 1.05, 1.77]), after adjustments for
age, sex, HbA1c, hypertension, duration of diabetes and BMI.
However, when the lipid variables were included in the model,
the differences were no longer significant.

Regarding the risk of any stroke, there were no interactions
between sex and packs per day or pack-years, and therefore
men and women were analysed together. The risk of com-
bined ischaemic and haemorrhagic stroke was increased in
both former and current smokers, with one pack per day
increasing the risk of any stroke with an HR of 1.41 (95%
CI 1.02, 1.93) in current smokers and 1.36 (95% CI 1.03,
1.81) in former smokers in the final model, including baseline
nephropathy status (data not shown).

Risk of CVD based on cumulative smoking (pack-years)
Table 4 shows the results for the risk of different CVD out-
comes based on cumulative smoking in pack-years. The results
were similar to those of the analyses regarding intensity of
smoking in packs per day. Compared with never smokers, the
risks of CHD in current smokers and of heart failure in former

Table 2 Risk of CHD, heart failure and stroke (ischaemic and haemorrhagic combined) according to baseline smoking status

Smoking status n CVD events HR1 (95% CI) p value HR2 (95% CI) p value HR3 (95% CI) p value HR4 (95% CI) p value

CHD

Never 2267 243 Ref. Ref. Ref. Ref.

Current 1123 130 1.31 (1.05, 1.63) 0.015 1.28 (1.01, 1.62) 0.043 1.35 (1.08, 1.69) 0.009 1.17 (0.93, 1.47) 0.178

Former 937 139 1.10 (0.89, 1.36) 0.382 1.20 (0.96, 1.51) 0.105 1.06 (0.85, 1.32) 0.610 0.99 (0.80, 1.23) 0.935

Heart failure

Never 2315 131 Ref. Ref. Ref. Ref.

Current 1141 72 1.43 (1.07, 1.92) 0.017 1.44 (1.04, 1.97) 0.026 1.42 (1.05, 1.93) 0.024 1.29 (0.95, 1.75) 0.106

Former 1007 110 1.52 (1.17, 1.97) 0.001 1.59 (1.20, 2.09) 0.001 1.35 (1.04, 1.76) 0.026 1.26 (0.96, 1.64) 0.090

Stroke (men)

Never 1057 53 Ref. Ref. Ref. Ref.

Current 643 63 2.20 (1.52, 3.17) <0.0001 2.23 (1.49, 3.34) <0.001 2.23 (1.52, 3.26) <0.0001 1.99 (1.35, 2.94) <0.001

Former 568 75 2.06 (1.45, 2.95) <0.0001 2.06 (1.40, 3.04) <0.001 2.17 (1.50, 3.13) <0.0001 2.03 (1.40, 2.94) <0.001

Stroke (women)

Never 1239 66 Ref. Ref. Ref. Ref.

Current 484 27 1.32 (0.84, 2.08) 0.232 1.32 (0.79, 2.19) 0.286 1.25 (0.78, 2.01) 0.345 1.21 (0.75, 1.94) 0.435

Former 403 20 0.89 (0.54, 1.48) 0.662 0.98 (0.57, 1.67) 0.929 0.75 (0.45, 1.25) 0.267 0.75 (0.45, 1.26) 0.272

HR1: adjusted for age and sex; HR2: adjusted for age, sex, social class and alcohol intake; HR3: adjusted for age, sex, HbA1c, duration of diabetes, BMI
and hypertension; HR4: adjusted for age, sex, HbA1c, duration of diabetes, BMI, hypertension, HDL-cholesterol and loge triacylglycerol
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smokers were significantly higher after the lipid variables were
included in themodel, but no longer significant after adjustment
for baseline diabetic nephropathy (data not shown). However,
the risk of any stroke remained significantly increased com-
pared with never smokers in both former and current smokers
in all models, even after adjustment for nephropathy status, and
one pack-year increased the risk of any stroke with an HR of
1.013 (95%CI 1.001, 1.025) in current smokers 1.012 (95%CI
1.001, 1.024) in former smokers (data not shown).

ESM Tables 2 and 3 present the results of CVD risk in
dichotomised groups of intensity of smoking and cumulative
smoking compared with never smokers. The results were
similar to those found with the continuous data and, in current
smokers, the CVD risk was highest in the groups of higher
intensity and longer cumulative smoking. Among former
smokers who had smoked ≥20 pack-years, the risk of CHD
was similar to that of never smokers (HR 1.06 [95% CI 0.73,
1.54]), although current smokers with the same cumulative
dose of smoking had an increased risk of CHD (HR 1.52
[95% CI 1.12, 2.06]).

Table 5 presents the results of the meta-analysis. The study
by Klein et al reported combined results, while the other two
studies separate results for men and women [7, 9, 10].
Compared with never smokers, the risk of CHDwas increased
in current smokers (RR 1.36 [95% CI 1.07, 1.72]), while the
risk of any stroke was increased in men who were former
smokers (RR 1.77 [95% CI 1.00, 3.14]) or current smokers
(RR 2.13 [95% CI 1.52, 3.00]).

Discussion

In this study in participants with type 1 diabetes, we identified
novel dose-dependent associations between smoking and

cardiovascular outcomes. We observed an increased risk of
CHD in current smokers, both associated with the intensity
of smoking in packs per day and with cumulative smoking in
pack-years. Similar dose-dependent associations were also
seen in the risk of heart failure. Furthermore, in men, the risk
of combined ischaemic and haemorrhagic stroke was elevated
in current smokers and the risk was not significantly reduced
after smoking cessation.

When our results are compared with studies from the
general population, there are some differences. A recent large
meta-analysis reported a higher risk of acute coronary events
in current smokers of ≥20 CPD comparedwith never smokers,
with an HR of 2.43 (95% CI 2.01, 2.93) [29], which is higher
than our HR for CHD of 1.34–1.62 in current smokers of ≥20
CPD (ESM Table 2) [29]. This could be explained by the fact
that diabetes already causes a three- to fivefold increase in the
risk of CHD, and therefore the effect of smoking is diluted in a
study that includes only people with diabetes. The HR for
stroke in the same meta-analysis was 1.91 (95% CI 1.66,
2.21) [29], which is similar to the excess risk in men observed
in our study. In the Health, Aging and Body Composition
(Health ABC) Study, the risk of heart failure was increased
in current smokers vs non-smokers (HR 1.73 [95% CI 1.15,
2.59]) [13], which is higher than the effect seen in our study.
However, their results for former smokers were comparable
with ours.

Although smoking is an established cardiovascular risk
factor in the general population, surprisingly few studies have
shown an increased risk of CHD in individuals with type 1
diabetes who are current smokers. In the Wisconsin
Epidemiologic Study of Diabetic Retinopathy, both current
and past smoking were associated with an increased risk of
myocardial infarction, but not with stroke [9]. In The
Pittsburgh Epidemiology of Diabetes Complications Study,

Table 3 Risk of CHD, heart failure and stroke (ischaemic and haemorrhagic combined) according to intensity of smoking in packs per day

Smoking status n CVD events HR1 (95% CI) p value HR2 (95% CI) p value HR3 (95% CI) p value HR4 (95% CI) p value

CHD

Never 2267 243 Ref. Ref. Ref. Ref.

Current 1089 128 1.49 (1.18, 1.87) <0.001 1.37 (1.06, 1.77) 0.017 1.45 (1.15, 1.84) 0.002 1.28 (1.00, 1.63) 0.050

Former 893 133 1.25 (1.00, 1.56) 0.048 1.34 (1.06, 1.68) 0.013 1.20 (0.97, 1.50) 0.099 1.13 (0.90, 1.42) 0.281

Heart failure

Never 2315 131 Ref. Ref. Ref. Ref.

Current 1107 71 1.55 (1.13, 2.12) 0.006 1.47 (1.04, 2.07) 0.028 1.43 (1.03, 1.97) 0.032 1.29 (0.92, 1.80) 0.134

Former 959 104 1.53 (1.18, 1.98) 0.001 1.46 (1.11, 1.92) 0.008 1.37 (1.05, 1.77) 0.019 1.29 (0.98, 1.69) 0.065

Stroke combined

Never 2296 119 Ref. Ref. Ref. Ref.

Current 1094 88 1.78 (1.34, 2.37) <0.0001 1.63 (1.17, 2.25) 0.004 1.70 (1.26, 2.29) <0.001 1.50 (1.09, 2.05) 0.012

Former 924 86 1.55 (1.18, 2.02) 0.001 1.62 (1.22, 2.13) <0.001 1.49 (1.14, 1.93) 0.003 1.45 (1.10, 1.90) 0.008

HR1: adjusted for age and sex; HR2: Adjusted for age, sex, social class and alcohol intake; HR3: adjusted for age, sex, HbA1c, duration of diabetes, BMI
and hypertension; HR4: adjusted for age, sex, HbA1c, duration of diabetes, BMI, hypertension, HDL-cholesterol and loge triacylglycerol
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combined ever smoking was an independent risk factor for
total coronary artery disease and angina, but smoking was
not associated with ‘hard’ coronary artery disease events [8].
In the EURODIAB Prospective Complications Study,
smoking was associated with CHD in men but not in women
[10]. It is of note that in our study, when smoking status (yes/
no) was used as the variable, the risk of CHD in current
smokers was similar to that in never smokers after adjustment
for other CVD risk factors, including lipids. This is in line
with the CHD results of the WHO Multinational Study of
Vascular Disease in Diabetes [7].

However, when smoking exposure was measured in packs
per day or pack-years, current smokers indeed had a higher
risk of CHD compared with never smokers, even after adjust-
ment for other CVD risk factors, including lipids, but no
longer after adjustment for the presence of diabetic nephro-
pathy. This is no surprise, since we have previously demon-
strated that cumulative smoking is a risk factor for diabetic
nephropathy [30], and it is well known that individuals with
diabetic nephropathy carry a markedly increased risk of CVD
compared with those without nephropathy [31]. Therefore,
diabetic nephropathy could rather be considered a mediating
factor, than a confounding factor, when the association
between smoking and CVD is analysed. Similarly, smoking
also affects other traditional cardiovascular risk factors, such
as lipids and glycaemic control [32–34].

In the present study, the risk of heart failure was increased
in both former and current smokers compared with never
smokers, and this risk increased with increasing intensity and
cumulative dose of smoking. These results for current smokers
are in line with those of a previous Swedish study regarding
heart failure in individuals with type 1 diabetes [14]. Another
Polish study did not observe an independent association
between smoking and heart failure [15]. In both studies, how-
ever, the definition of smokers was not clearly reported and the
risk of former smokers was not separately analysed. Notably,
the results regarding the risk of heart failure in former and

current smokers are similar to those regarding the risk of
CHD in current smokers. This is not surprising and could
partly be explained by the fact that CHD is the most common
underlying cause of heart failure [35].

Our data also show that, in men, both current and former
smokers carry an increased risk of stroke. It is of note that the
harmful effect of smoking on the development of stroke seems
to be independent of other traditional CVD risk factors and the
presence of diabetic nephropathy, unlike the effect on CHD
and heart failure. These results are in contrast to those from the
WHO Multinational Study of Vascular Disease in Diabetes
and the Wisconsin Epidemiologic Study of Diabetic
Retinopathy [7, 9]. However, these divergent results can be
explained by a lack of statistical power in those two studies,
caused by the small number of stroke events. In the Pittsburgh
Epidemiology of Diabetes Complications study, ever smoking
was a major predictor of ischaemic stroke, although it was no
longer significant after the results were adjusted for other car-
diovascular risk factors and diabetic nephropathy [18]. In our
study, the risk of stroke was increased in current and former
smokers irrespective of the baseline nephropathy status, but
only in men. In the previous studies men and women were
studied together and that, combined with smaller cohort sizes,
could explain the different results compared with our study.
As expected, our results are in line with previously reported
data from the FinnDiane study [36]. However, this time we
analysed former and current smokers separately, and we could
show that the risk of stroke increased with increasing intensity
of smoking and increased cumulative dose of smoking.

In women, we were unable to observe an association
between smoking status and the risk of stroke. However, re-
garding the risk of stroke, there was no interaction between
sex and intensity of smoking or cumulative smoking, showing
that the dose-dependent effect of smoking is similar in men
and women, although the results from packs per day and pack-
year analyses refer more to the risk seen inmen, because of the
larger number of men who were current and former smokers.

Table 5 Results for the meta-analysis of smoking and risk of CHD and stroke

Reference, year Smoking status Endpoint OR/RR (95% CI) p value

Klein et al 2004 [9], Fuller et al 2001 [7],
Soedamah-Muthu et al 2004 [10], Feodoroff et ala

Former vs never CHD 0.95 (0.55, 1.65) 0.862

Current vs never 1.36 (1.07, 1.72) 0.012

Fuller et al 2001 [7], Soedamah-Muthu et al 2004 [10],
Feodoroff et ala

Former vs never (men) CHD 1.07 (0.78, 1.46) 0.667

Current vs never (men) 1.45 (0.99, 2.12) 0.059

Former vs never (women) 0.87 (0.55, 1.39) 0.566

Current vs never (women) 1.12 (0.86, 1.45) 0.406

Fuller et al 2001 [7], Feodoroff et ala Former vs never (men) Stroke 1.77 (1.00, 3.14) 0.0497

Current vs never (men) 2.13 (1.52, 3.00) <0.0001

Former vs never (women) 0.97 (0.62, 1.53) 0.906

Current vs never (women) 1.27 (0.86, 1.90) 0.234

a Current study
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In the subgroup analyses, we observed that the effect of
smoking was clearly stronger on the risk of ischaemic stroke.
Again, this was only seen in men. Furthermore, an increased
risk of haemorrhagic stroke was seen only in current smokers,
but this risk was attenuated after adjusting for other CVD risk
factors. This could, of course, be due to the rather small num-
ber of haemorrhagic stroke events in our cohort, and therefore
it is not clear if current smoking is indeed associated with an
increased risk of haemorrhagic stroke in individuals with type
1 diabetes.

Finally, we meta-analysed our results with those of pre-
vious reports regarding cardiovascular events in individuals
with type 1 diabetes. The results were in line with our data,
showing an increased risk of CHD in current smokers and
an increased risk of stroke in men who were current or
former smokers.

There are a number of limitations to the present study.
Smoking variables were based on self-reported questionnaires
and there were no laboratory measurements, such as urinary
cotinine levels. Furthermore, people underestimate rather than
overestimate their real consumption of cigarettes, a fact that
could have influenced the dose-dependent analyses. Some of
the current and former smokers were excluded from the dose-
dependent analyses because of missing data on number of
smoked cigarettes (83 participants) or time of exposure (252
participants). This might have affected the pack-year analyses.
Recruitment of participants started in 1994 and ended in 2013,
a fact that might have led to temporal effects. Based on the
FinnDiane data, the proportion of current smokers declined
during this period from 30% to less than 20%. At the same
time, the care of individuals with acute coronary syndrome
has improved. These factors might have impacted the associ-
ations between smoking and cardiovascular mortality.
However, we studied the overall incidence of different CVD
events, and instead of using just smoking status, we assessed
the effects of smoking intensity and cumulative smoking. A
further limitation of our study is the lack of data on time-
varying exposure of smoking during follow-up. Although
we had follow-up data regarding smoking behaviour for
around 2000 participants, we did not have the complete data
on smoking history before each cardiovascular event for every
participant, and therefore the total exposure during follow-up
was not calculated and only the intensity of smoking and
retrograde cumulative smoking were used. This could dimin-
ish the effect of cumulative smoking, especially in younger
participants, who were recruited during the earlier years.

The analyses regarding the intensity of smoking (packs per
day) and cumulative smoking (pack-years) gave similar re-
sults and, based on these results, both measures seem to per-
form rather well when estimating the excess risk of CVD in
current or former smokers with type 1 diabetes. However,
information on smoking intensity is more often available than
that on pack-years, and it therefore appears that the smoking

intensity could be a better measure of smoking exposure.
Nevertheless, the packs per day and pack-year variables seem
to be superior to smoking status, at least when addressing the
risk of CHD in smokers.

To our knowledge, this is the first study to demonstrate a
dose-dependent effect of smoking on the risk of CHD, heart
failure and stroke in individuals with type 1 diabetes.
Individuals with type 1 diabetes already have a significantly
elevated risk of CHD, and this risk is further increased by
smoking. In men, the effect of smoking seems to be not only
harmful but also persistent regarding the development of ischae-
mic stroke,with this risk remaining even after smoking cessation.
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