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OBJECTIVE — To examine the relationship between smoking and both glycemic
control and microvascular complications in patients with insulin-dependent diabetes
mellitus (IDDM).
RESEARCH DESIGN A N D METHODS— This was a prevalence survey of
3,250 men and women aged 15-60 years with IDDM from 31 diabetes centers in 16
European countries. Participants completed a questionnaire, had retinal photographs
taken, and performed a 24-h urine collection. HbAlc, frequency of hypoglycemic and
ketoacidotic episodes, urinary albumin excretion rates, and retinopathy were compared by smoking category.
RESULTS— The prevalence of smoking was 35% in men and 29% in women.
Current smokers had poorer glycemic control and, among men, were more likely to
have had a ketoacidotic episode than were those who never smoked. Ex-smokers had
equivalent glycemic control and marginally more hypoglycemic episodes did than
those who never smoked. Current smokers had a higher prevalence of microalbuminuria and total retinopathy than did those who never smoked. Ex-smokers had a higher
prevalence of macroalbuminuria and proliferative retinopathy than did those who
never smoked, but both had a similar prevalence of microalbuminuria. Adjustment for
either current or long-term glycemic control could not fully account for these differences.
CONCLUSIONS — Smoking is associated with poorer glycemic control and an
increased prevalence of microvascular complications compared with not smoking.
Ex-smokers can achieve glycemic control equivalent to and have a prevalence of early
complications similar to that of those who never smoked. We suggest that poorer
glycemic control can account for some of the increased risk of complications in smokers, and that quitting smoking would be effective in reducing the incidence of complications. Urgent action is required to reduce the high smoking rates in people with IDDM.
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Another potentially reversible risk
factor associated with high complication
rates is cigarette smoking, but the evidence for a relationship between smoking
and diabetic control and complications is
sparse and conflicting. Some studies report a strong relationship between smoking and microvascular disease (3,4),
whereas others show no relationship (57). These discrepant findings may be due
to methodological limitations of earlier
studies, which examined a relatively
small number of heterogeneous subjects,
did not distinguish between ex-smokers
and current smokers, and did not properly adjust for potential confounders (8).
Proper adjustment for glycemic control,
which may be influenced by smoking (9),
when examining the association between
smoking and complications has rarely
been attempted (10). Furthermore, the
relationship between complications and
smoking status for those who quit smoking has not often been reported (10,11).
This information would be of use to those
involved in the difficult task of persuading
young people with diabetes to give up
smoking (12).
We examined the relationship between smoking and diabetes control and
complications in the EURODIAB IDDM
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voiding microvascular complications, such as nephropathy and retinopathy, is one of the prime therapeutic goals in the management of people
with insulin-dependent diabetes mellitus
(IDDM) (1). These complications are major contributors to the morbidity and
mortality associated with IDDM, but our
understanding of factors that initiate or
accelerate complications is incomplete,
and our ability to intervene is therefore
limited. Stringent control of diabetes is
one intervention that has been shown to
reduce the incidence and progression of
complications (2). However, tight control
is associated with an increased frequency
of hypoglycemic attacks and weight gain
and may be difficult, dangerous, and
costly to achieve for all patients (2).

Smoking and complications in IDDM

complications study, taking into account
long-term glycemic control.

RESEARCH DESIGN AND

Blood pressure was measured
twice by a random zero sphygmomanometer (Hawksley, U.K.) with the patient
seated and a 5-min interval between measurements. The mean of the two resting
blood pressure measurements was used
in all analyses. Subjects conducted a 24-h
urine collection for the estimation of albumin excretion rates (AERs) after excluding proteinuria due to urinary tract
infection. Urinary albumin was measured
centrally by an immunoturbidometric
method (Sanofi Diagnostics Pasteur, Minneapolis, MN). Microalbuminuria was
denned as an AER > 2 0 jmg/min and
<200 /LLg/min. Macroalbuminuria was
denned as an AER >200 /i,g/min. Retinal
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hypoglycemic or ketoacidotic episode in
the last year were compared with those
who had none. HbA lc measured at the
central laboratory was used in all analyses
except for those that examined longitudinal glycemic control. For these latter analyses, a correction factor for local HbAlc
measurements was estimated by comparing the central HbA lc measurement with
that performed locally at the same time.
An average of all local HbAlc estimations
recorded for each individual was calculated and was then adjusted by this correction factor to obtain a standard estimate that was comparable between
centers. Because of missing data, only
2,092 subjects could be used in analyses
comparing central HbA lc adjustment
with long-term glycemic control. Comparisons between current smokers and
those who never smoked and separate
comparisons between ex-smokers and
those who never smoked were made in all
analyses.

Statistical analysis

RESULTS— In men, current smoking
rates varied from 23% in the U.K. and
Munich to 53% in Thessaloniki, Greece.
Current smoking rates were generally
lower in women, ranging from 15% in
Cork, Ireland, Lisbon, Portugal, and
Northern France to 40% in Budapest,
Hungary. The age-standardized prevalence of smoking was 35% (95% confidence interval [CI] 33-37%) in men and
29% (95% CI 27-31%) in women (Table
1). In men, smokers and ex-smokers were
more likely to be older than those who
never smoked; there was very little difference in age between smoking categories
in women. Duration of diabetes was
greater in male ex-smokers, but not current smokers, compared with those who
never smoked. Male ex-smokers and current smokers were younger when they
completed their education compared
with those who never smoked; this difference was less marked for women. The
proportion of people injecting insulin
more than twice a day did not vary by
smoking status in either men or women.
There was little difference in total dose of

Prevalence and medians standardized for
age and other variables were calculated by
the direct method using the total study
population as the standard. Age-standardized median blood pressures were
calculated after treated hypertensive subjects were assigned to the upper tail of the
blood pressure distribution. This method
allows the comparison of blood pressure
between groups by taking into account
differences in rates of and responses to
medication for hypertension (14). AERs
were log-transformed before analysis.
Continuous variables were analyzed by
least-squares regression models. Mean
age-adjusted values were calculated as the
values predicted in the model when the
age and duration variables were held at
their mean value. Age and duration were
treated as confounders in these analyses,
and there was no evidence for an interaction for these variables in the relationship
between smoking and microvascular
complications. Unadjusted and adjusted
odds ratios were calculated using logistic
regression. Subjects who had at least one
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METHODS— Full details of the design and recruitment in the EURODIAB
IDDM Complications Study have been
published elsewhere (13). In brief, a random sample of 3,250 men and women
aged between 15 and 60 years with IDDM
were examined in 31 European clinic
centers. IDDM was denned as diabetes diagnosed before the age of 36 years and
requiring insulin treatment within 1 year
of diagnosis. All subjects were required to
undergo a health check at their diabetes
center. At the center, subjects completed
a questionnaire, assisted by their doctor,
which included items on smoking status,
whether they now smoked and, if not,
whether they had ever smoked more than
5 cigarettes/day in the past. Inquiries
were also made regarding cigar and pipe
smoking. Additional questionnaire items
included whether they were initially referred to the clinic for complications
(both microvascular and macrovascular)
and if so which type of complications, the
number of hypoglycemic episodes requiring the help of a third party in the last
year, and the number of hospital admissions for ketoacidosis in the last year. Details of medication and demographic variables, including age at completion of
education, were also collected.

photographs were taken in all centers, except those in Bucharest, Romania, and
Krakow, Poland, and were graded at the
Hammersmith Hospital (London, U.K.)
against standard photographs. The severity of retinopathy was determined by the
grading of the worse eye. In these analyses, two categories of retinopathy were
used: any retinopathy and proliferative
retinopathy. Blood samples were taken
and split; one half were tested locally, and
the other half were tested centrally in
London for HbA lc . The central HbA lc
was analyzed by an enzyme immunoassay
(Dako, Ely, U.K.); the reference range was
2.9-4.8%. Results of the last eight local
HbAlc tests performed over the previous
2 years were also recorded. The 44 pipe
smokers and the 53 cigar smokers were
excluded from all analyses, irrespective of
their cigarette-smoking status. An additional 20 subjects were excluded because
smoking data were either contradictory
or missing.
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Table 1—Demographic and biochemical variables by smoking category and sex
Men
Never
smoked

Current
smokers

Never
smoked

Ex-smokers

Current
smokers

35
33§
13

57
33
15

14
35*
16

29
32
14

18*
0.67

18
0.64

16*
0.63

17
0.67

46
6.5

46
6.9§

53
6.6

57
6.4

57

5.8
123
17.20

6.0
124
29.35f

6.3§
121
22.69t

6.6
118
14.45

6.5
117
16.86

15.85

21.381

20.42*

10.86

43
30
13

23

20
0.68

17t

48
6.3

38§
18§

0.63

6.9t

12.76*

7.0§
114*
17.57*
13.681

For men, n = 1,594; for women, n = 1,539. *P < 0.05, tP < 0.01, =fP < 0.001, §P < 0.0001, current or ex-smokers compared with those who never smoked.

insulin or in median blood pressure by
smoking category for both sexes.
HbAlc was significantly higher in
current smokers than in those who never
smoked (6.9 vs. 6.3% in men, P <
0.0001; and 6.9 vs. 6.6% in women, P <
0.01). There was, however, no difference
in HbAlc when ex-smokers were compared with those who never smoked. In
men, ex-smokers were 1.48 times more
likely to have had at least one hypoglycemic episode than were those who never

smoked (P < 0.01), and this increased
risk was still present, although not significant, when adjusted for confounders
such as age, duration of diabetes, glycemic control, education, and center (Table
2). In contrast, current smokers were
more likely to have had at least one ketoacidotic episode compared with those
who never smoked, and this increased
risk persisted when adjusted for age, duration, and education and was reduced,
but still significant, when further adjusted

for glycemic control. In women, current
and ex-smokers were less likely to have
had at least one hypoglycemic episode;
there was no consistent relation between
smoking status and ketoacidotic episodes.
Ex-smokers were particularly
likely to have been referred to the clinic
with a complication associated with diabetes (27 vs. 22% in men, P < 0.001; and
28 vs. 25% in women, P < 0.05) (Table
3). Of those referred for complications,

Table 2—Risk (odds ratio) of at least one hypoglycemic or one ketoacidotic episode in the year before examination, comparing ex-smokers
and current smokers with those that never smoked
Men

Women

Episodes

Current smokers

Ex-smokers

Current smokers

Ex-smokers

Hypoglycemic
Hypoglycemic [1]
Hypoglycemic [2]
Ketoacidotic
Ketoacidotic [1]
Ketoacidotic [2]

554
1.13(0.89-1.44)
1.16(0.90-1.49)
1.23 (0.95-1.59)
1.99 (1.30-3.06)t
2.06(1.31-3.24)t
1.76(1.11-2.80)*

361
1.48(1.13-1.94)t
1.25 (0.93-1.68)
1.29 (0.96-1.74)
1.13(0.65-1.94)
1.40(0.76-2.59)
1.28(0.68-2.39)

447
0.75 (0.58-0.96)*
0.75 (0.58-0.97)*
0.82(0.59-1.14)
1.06(0.72-1.56)
1.01 (0.67-1.51)
0.97(0.64-1.45)

219
0.91 (0.66-1.25)
0.86(0.62-1.19)
0.80(0.61-1.03)
0.94(0.56-1.59)
1.07 (0.63-1.83)
1.13(0.66-1.94)

Data are odds ratios (95% CI). Episodes labeled 1 are adjusted for age, duration, education, and center. Episodes labeled 2 are adjusted for age, duration, education,
HbAlc, and center. *P < 0.05, tP < 0.01, current or ex-smokers compared with those who never smoked.
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Age-standardized prevalence (%)
Mean age (years)
Mean diabetes duration (years)
Age at completion of education (years) (age and center
adjusted)
Insulin dose (U/kg) (age and duration adjusted)
Injection frequency >2 times/day (%) (age and center
standardized)
HbAlc (%) (age adjusted)
HbAlc (%) (age, duration, center, referred with
complications, and education adjusted)
Median systolic blood pressure (mmHg) (age standardized)
Mean AER (/zg/min) (age adjusted)
Mean AER (jmg/min) (age, blood pressure, duration, HbA lc ,
education, and center adjusted)

Ex-smokers

Women

Smoking and complications in IDDM

Table 3—Patients referred to center with complications, standardized by age and center
Men
Never
smoked

Ex-smokers

Current
smokers

Never
smoked

Ex-smokers

Current
smokers

679
22(21-23)

361
27 (26-28)t

554
25 (24-26)f

873
25 (23-27)

219
28 (27-29)*

447
27 (26-28)

131
25 (23-27)
12 (10-14)

102
35(32-38)t
20(18-22)*

153
21(18-24)
16 (14-18)

238
26 (23-29)
18 (15-21)

65
24 (22-26)
9 (8-10)

127
24 (22-26)
12(10-14)*

Data are means (95% CI). *P < 0.05, tP < 0.01, fP < 0.001, current or ex-smokers compared with those who never smoked.

male ex-smokers were also more likely to
have a past history of laser therapy and
renal disease.
Male ex-smokers were more likely
to have proliferative retinopathy and
more likely to have macroalbuminuria at
examination than were those who never
smoked (Table 4). Current smokers were
more likely to have microalbuminuria
than were those who never smoked in
both sexes.
The confounding effect of glycemic control on mean AERs and the risk of
having albuminuria or retinopathy in
comparison with those who never
smoked were examined in Table 5. Each
of these values was adjusted first by the
central measurement of HbAlc and then
by the mean of the eight previous measurements of HbA lc performed locally,
with the latter providing a long-term assessment of glycemic control. Adjustment
for local long-term control attenuated the

relationship between smoking and complications compared with the central
measurement, but the association remained statistically significant. Further
adjustment for other confounders, such
as blood pressure, education, center, and
lipids and lipoproteins (data not shown
for latter adjustment), made no significant difference to the relationship between smoking and microvascular complications.
The odds ratios for any retinopathy in men were further adjusted for AER.
For ex-smokers, the risk of any retinopathy compared with the risk for those who
never smoked changed from 1.82 (P =
0.02) to 1.75 (P = 0.03). The odds ratio
for current smokers changed from 1.71 (P
= 0.009) to 1.63 (P = 0.03).
C O N C L U S I O N S — Current smok
ing rates are alarmingly high in this European IDDM population, despite repeated

demonstrations of the increased risk of
morbidity and mortality in people with
IDDM and the marked exaggeration of
these effects in people who smoke
(15,16).
This is the largest study to examine the relationship between smoking and
diabetes control and complications in
both men and women. We show that current smokers had marginally poorer glycemic control (0.6% in men and 0.3% in
women) compared with those who never
smoked, while ex-smokers had equivalent levels of control (10,17). In men, exsmokers were more likely to have experienced at least one hypoglycemic episode
in the last year, while current smokers
were more likely to have experienced at
least one ketoacidotic episode, compared
with those who never smoked. Much of
this association, at least for hypoglycemic
episodes, could be accounted for by differences in glycemic control.

Table 4—Prevalence of complications at examination standardized by age, duration, HbAlc, and center
Women

Men

All retinopathy (%)
Proliferative retinopathy (%)
Microalbuminuria (%)
Macroalbuminuria (%)

Current
smokers

Never
smoked

Ex-

Never
smoked

Ex-smokers

679
40 (38-42)
8(7-9)
21(19-23)
6 (5-7)

361

554

873

219

56 (54-58)§
15 (13-17)§
23 (22-24)
16(15-17)§

46 (44-48)t
6(5-7)
28 (26-30)f
9 (8-10)*

44 (42-46)
12(11-13)
18(16-20)
9 (8-10)

43(41-45)
10(9-11)
21(20-22)
8(7-9)

smokers

Current
smokers
447
43 (41-45)
9(7-11)*
23 (21-25)*
8(7-9)

Data are means (95% Cl). *P < 0.05, tP < 0.01, fP < 0.001, §P < 0.0001, current or ex-smokers compared with those who never smoked.
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Any complications (%)
Referred with complications
n
Past history of laser therapy (%)
Past history of renal disease (%)

Women

Chaturvedi and Associates

Table 5—Mean AERs and risks (odds ratios) of albuminuria and retinopathy by smoking status, comparing adjustment by centrally
measured HbAlc and mean of eight HbAlc tests performed locally
Men
Never
smoked
476
17.10
17.38
1.00
1.00
1.00
1.00

239
28.84:r
28.58:f
1.82*
1.75*
1.51*
1.48

Current
smokers

Never
smoked

346

565

20.84*
20.37
1.71T
1.62*
1.65T
1.60T

15.09
14.69
1.00
1.00
1.00
1.00

Ex-smokers
147
20.32*
20.46*
1.05
1.09
1.52
1.62*

Current
smokers
319
17.94*
17.91*
1.00
1.04
1.48*
1.53*

Risks labeled 1 are adjusted for age, duration, systolic blood pressure, education, center, and central HbAlc; risks labeled 2 are adjusted for age, duration, systolic
blood pressure, education, center, and local HbAlc. *P < 0.05, tP < 0.01, fP < 0.001, current or ex-smokers compared with those who never smoked.

Current smokers had a higher
prevalence of microalbuminuria compared with those who never smoked. In
contrast, male ex-smokers had a higher
prevalence of macroalbuminuria, but a
similar prevalence of microalbuminuria,
compared with those who never smoked.
We show that a past history of renal disease is more common in ex-smokers than
in current smokers and those who never
smoked, and we hypothesize that efforts
to cease smoking are intensified when
macroalbuminuria is present. One explanation for the similar prevalence of microalbuminuria in ex-smokers and those
who never smoked in our study could be
that the effects of smoking on microvascular complications may not persist once
smoking is discontinued. The observation that the rate of progression to albuminuria is reduced in those who stop
smoking further supports our hypothesis
(10,18).
Our findings may help to clarify
the confusion regarding the relationship
between smoking and renal disease, with
some studies showing no relationship
(6,7) and others a relationship with either
microalbuminuria (10,19,20) or nephropathy (4,21). At least part of that
confusion may be due to the categorization in other studies of current and exsmokers as one smoking group. Similarly,
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previous studies have concluded that
there is no association between smoking
and retinopathy (5,6,8,22,23), while others suggest there is a relationship either in
both sexes (3) or in women only (4). We
show that in men the prevalence of any
retinopathy is greater in current and exsmokers compared with those who never
smoked, but the prevalence of proliferative retinopathy is only greater in exsmokers. We also show that a past history
of laser therapy is more common in exsmokers. This supports and extends our
hypothesis of the association between
smoking and renal disease, with exsmokers having more severe disease and
current smokers having a greater prevalence of early complications compared
with those who never smoked. The retinopathy findings are not simply explained by the association of smoking
with microalbuminuria because adjustment for AER attenuated, but did not
abolish, the smoking-retinopathy relationship.
Despite large numbers, these relationships were either weaker or absent in
women; HbAlc was not as different between current smokers and those who
never smoked as it was in men. The 0.3%
difference in HbAlc is not clinically significant, and this might account for the general lack of association between smoking

status and either hypoglycemic episodes
or microvascular complications. The
lower rates of proliferative retinopathy in
current smokers compared with those
who never smoked may be of interest, but
the difference is relatively modest in this
study.
We demonstrate that the relationship between smoking status and microvascular complications is attenuated after
adjustment for HbAlc. One measurement
of HbAlc may bear little relation to longterm glycemic control, especially if those
patients with complications are assisted
in improving control. We adjusted for
HbAlc measured on approximately eight
occasions over the previous 2 years and
showed that there is further attenuation
of the relationship between smoking and
complications. Only one other study has
adjusted for long-term measures of
HbAlc, and it confirms our finding of a
persistent relationship between smoking
and renal complications, but was unable
to show a persistent relationship between
smoking and retinopathy (10). We asked
respondents to classify their own smoking habits and did not validate these selfreports. It is likely that the prevalence of
current smoking is underreported
(24,25). In this study, current smokers
could have misclassified themselves as either ex-smokers or those who never
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n
AER
Age and centrally measured HbA lc adjusted
Age and local HbA lc adjusted
Risk of any retinopathy [1]
Risk of any retinopathy [2]
Risk of albuminuria [1]
Risk of albuminuria [2]

Ex-smokers

Women
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the true relationship between smoking
and microvascular complications.
Several mechanisms have been
proposed to explain why smokers with
diabetes have an increased risk of microvascular complications compared with
those who never smoked. We and others
show that smokers have poorer metabolic
control compared with those who never
smoked (9,10,17), and we suggest that
much of the effect of smoking on microvascular disease acts through its effect on
glycemic control. Other suggestions to
explain the effects of smoking on diabetes-related complications independent of
control include the effects of smoking on
platelet aggregation (27) and tissue hypoxia (28) and its stimulatory effects on
insulin antagonists, such as cortisol and
adrenaline. Smoking has been related to
insulin resistance, hyperinsulinemia, and
a higher glucose response to insulin infusion, and this may account for the poorer
glycemic control observed in people with
IDDM who smoke (29,30).
Smokers may have an attitude
about disease that is less compliant and
careful than those who have never
smoked, resulting in poorer glycemic
control and an increased risk of complications. Factors such as diet, exercise, and
attitudes about a healthy lifestyle may also
vary by smoking status and may also affect
the risk of diabetes complications. We
show that the frequency of insulin injections did not differ in current smokers
and those who never smoked, suggesting
that at least in this respect smokers are no
less compliant than those who never
smoked. Smokers without diabetes also
have higher HbAlc levels compared with
those who never smoked (31), so that the
effect of smoking on HbAlc may be a biochemical effect (29) rather than one due
to poor compliance. In one of the few
studies designed to test this hypothesis,
psychological attitudes of smoking and
nonsmoking people with diabetes were
shown not to differ (9).
In conclusion, we show that the
prevalence of smoking in people with
IDDM in Europe is high and that it is as-

sociated with an increased prevalence of
microvascular complications, at least
partly mediated through poorer glycemic
control. Ex-smokers can achieve good
glycemic control, and there is a suggestion from our data that the prevalence of
new complications is similar to that of
those who have never smoked. These
findings provide clear scientific evidence
to support health care workers in their
difficult task of persuading smokers with
diabetes to quit smoking (12). We propose that efforts to reduce the rate of complications in people with IDDM should
not underestimate the value of encouraging smoking cessation as an efficient and
cheap intervention to be considered along
with more expensive and potentially hazardous attempts to tighten glycemic control.
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smoked. This would mean that the relationships we observed when we compared current smokers with those who
never smoked are probably a slight underestimate of the true relationship, while
the relationship we observed between exsmokers and those who never smoked
may be exaggerated. Similarly, we have
no information on the amount smoked or
the exact date of quitting for ex-smokers;
despite these limitations, we have shown
clear differences in the relationship between smoking status and diabetes control and complications. Although this is a
clinic-based study, the majority of people
with IDDM in these European centers
would be under the care of the diabetes
clinic. There may still be potential for selection bias in this study population, in
that people who smoke may be more or
less likely to be referred than those who
do not, and similarly, people who attend
clinics may have a higher or lower prevalence of complications than those who do
not. However, it is unlikely that the relationship between smoking and complications would differ between those referred
and those not referred. Similarly, it is unlikely that the relationship between
smoking and complications differs substantially between those who responded
and those who did not in this study;
among nonresponders, current smokers
would have to have more than a quarter
the risk of any retinopathy of those who
never smoked to nullify the 1.71 times
increased risk of retinopathy observed for
current male smokers who did respond.
These data are cross-sectional and
cannot provide substantial evidence to
support the hypothesis of a causal relationship. Nevertheless, our explanation is
the most plausible interpretation of our
data, and it is matched by findings from
prospective studies (18,26). It is unlikely
that selective mortality of smokers would
substantially affect people at the younger
end of our age distribution, and in any
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