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The objective of the present study was lo analyse the association between cigarette
smoking and progression of retinopathy and nephropathy, respectively, in a prospective
multicentre study including 636 people with Type 1 diabetes: 81 % of the original cohort
of consecutively referred patients, aged 15 to 40 years and free of severe late diabetic
complications. At baseline, all patients had participated in a 5-day in-patient group

treatment and teaching programme for intensification of insulin therapy. Patients were
examined at recruitment, and after 1, 2, 3 and & years including assessment of smoking
status, blood pressure, metabolic control, and degree of nephropathy, Degree of retinopathy
was assessed by ophthalmoscopy or fundus photagraphy at baseline and after 6 years.
Several logistic regression analyses were performed by describing the responses retinapathy
and nephropathy, respectively, either as progression yes/no or as actuat status at the &-
year follow-up and by using different measures for smoking. Adjustments for important
covariables were made. While significant associations between smoking, and retinopathy
and nephropathy respectively, were found, the relations were variable depending on the
statistical model used. The results show that the real associations between smoking and
retinopathy and nephropathy are complex and that more emphasis should be put on the
complete description of the response variables and the statistical models used in clinical
and epidemiological research.
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Introduction

During recent years evidence has been accumulating
that cigarette smoking could be involved in the develop-
ment and progression of nephropathy and retinopathy.’~
However, results have been inconclusive, especially with
respect to retinopathy. Most studies investigating the
influence of smoking on microvascular complications
have been cross-sectional in design.’*** Due to selective

" mortality, that is smoking patients die earlier that non--

smoking patients, such studies are likely to miss or
underestimate a possible association between smoking
and nephropathy or retinopathy. In addition, in many
studies on the course of microvascular complications
smoking status of the patients has not been mentioned
at all,"*7 or only limited information was availabie on
smoking history.'® :

The impact of smoking on microvascular complications

in diabetes cannot be assessed by randomized controlled

trials. Therefore, the best available approach is to use
epidemiological models to describe the association
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between smoking and retinopathy or nephropathy a5
accurately as possible. The lack of a statistically significant
association between smoking and retinopathy or nephro-
pathy could be due either to the lack of a real association.
low statistical power, or to the inadequacy of the
statistical model used to describe a real association. In
addition, the association between smoking and the
development and progression of microvascular compli-
cations could be complex and js confounded by other
covariables and therefore, it could be impossible to
characterize it by a single statistical model. Notably,
previous publications did not report the adequacy of
their statistical models. :

In the present study, we have prospectively analysed
the relations between cigarette smoking and progression
of nephropathy and retinopathy over a period of 6 years
in a large cohort of persons with Type 1 (insulin-
dependent) diabetes. o '

Patients and Metﬁods

The study population consisted of 636 persons with Type 1
diabetes (81 % of the original cohort) who had taken
part in a German multicentre study, which documented
the feasibility to transiate an intensifled insulin treatment
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and teaching programme (TTP) from a specialized
University diabetes centre to general internal medicine
departments.®'! Since the outcome was comparable for
the specialized centre and the nine participating general
hospitals, for the purpose of the present study the
combined group of 636 patients was analysed. Detailed
descriptions of the study population, the TTP, translation
of the TTP, medical care of the patients after discharge,
evaluation protocols, drop outs, and results for up to 6
years of follow-up have been published®'' In short,
784 consecutively referred persons with Type 1 diabetes,
aged 1540 years, and free of severe late diabetic
complications  (serum  creatinine >177 umol I},
blindness) had taken part in the same 5-day in-patient
TTP for intensified insulin therapy in one of the 10
participating hospitals and were re-examined after 1, 2,
3, and 6 years.

Baseline data were collected by the participating
physicians at the local hospitals, whereas the follow-up
- examinations were performed by four investigators (V.).,

‘MG, WW,, H.0.), who had not been involved in the
care of the patients. At the 1, 2, and 3-year follow-up,
patients were either examined at their respective hospitals
or visited at their homes (e.g. 43 % home visits at the

3-year follow-up examination). The 6-year follow-up was

performed using a mobile ambulance as described
elsewhere.’? The van was converted to allow the
mounting of a non-mydriatic CR4-45NM eye carmera
{Canon Europe, Amstelveen, The Netherlands). At base-
line, the usual clinical and diabetes-related examinations
and laboratory measurements were performed in each
“hospital using standard methods. At each examination
venous blood samples and a freshly voided urine sample
were taken from each patient and transported on ice to the
laboratory of the reference centre (Diisseldorf Hospital). At
baseline and at the 1, 2, and 3-year follow-up, HbA,
was measured in all patients using a microcolumn
‘method (Boehringer Mannheim, Mannheim, Germany),
with a normal non-diabetic range of 5.6-7.4 %. At 3
years, HbA, and HbA,_ levels were measured simul-
taneously, and at 6 years, only HbA,. was measured by
the Diamat® HPLC-method (Biorad, Minchen, Germany)
(reference range 4.3 %—6.1 %). For the purpose of the
present study HbA, values were converted into HbA,_
values and the latter were used for analysis
HbA,. = —0.279 + 0.864 HbA,., R = 0.9). Protein con-
centration in the urine was measured by the laser

“turbidimetric method.'? Sitting blood pressure was meas- -

ured using a mercury sphygmomanometer as described
previously.'?

At baseline, in the nine general hospitals retinal status
was assessed by the consultant ophthalmologist of the
respective hospitals, and in the Dtsseldorf hospital either
by a consultant ophthalmologist or by the non-mydriatic
CR4-45NM eye camera as previously described.’? At
the 6-year follow-up, non-mydriatic photography was
performed in the mobile ambulance. In all subjects a
- . macula centred photograph was obtained of one eye. If

CIGARETTE SMOKING IN TYPE 1 DIABETES

there was any hint of retinopathy on this first photograph,

.a picture of the other retina was taken as well. All

photographs were examined by two independent experts
in Dusseldorf. In addition, patients were handed out a
“Diabetic Retinopathy Examination Chart”'* modified
according to the recommendations of the “European
Retinopathy Working Party”,'® and patients were asked
to consult their ophthalmologists and to send back one
copy of the filled in examination chart to the Dusseldorf
Study Centre. All available eye examination results were
used in order to rate the degree of retinopathy for each
patient. In case the degree of retinopathy differed between
both eyes, and in the case the findings between methods
differed, the higher degree of retinopathy was used. At
the 6-year follow-up, best visual acuity was assessed in
the van using the visual acuity charts of Ferris.'®

Patients were grouped according to the degree of
retinopathy:'> level 1: no retinopathy; level 2: non-
proliferative retinopathy without macular involvement,
no history of laser therapy for retinopathy; level 3:
pre-proliferative and proliferative retinopathy, macula
involvement, macula oedema, history of laser therapy,
advanced diabetic eye disease;'* level 4: blindness of
one or both eyes due to diabetes (defined as legal
blindness or best visual acuity =0.1). Progression of
retinopathy was assumed if a patient -had progressed to
any higher level of retinopathy at follow-up. _

In addition, patients were grouped according to renal
parameters: level ‘1: proteinuria =50 mg{~' and serum
creatinine =133 umol I77;- level 2: proteinuria 51-
499 mg ="', and serum creatinine =133 umol |=*; level
3: proteinuria =500 mgl=' and serum creatinine
=133 pmol I7%; level 4: serum creatinine >133 umol I-7;
level 5: renal replacement therapy. Progression of nephro-
pathy was assumed if a patient had progressed to any
higher level according to these renal parameters.

Smoking habits were assessed at each examination.
Patients were asked whether they smoke at present and,
on average, about how many cigarettes per day they
smoke at present, whether they have smoked a year ago,
and on average about how many cigarettes per day they
have smoked a year ago, and when they had started to
smoke. Life-time cigarette pack years until the last follow-
up examination, cigarette pack years for diabetes duration
until the last follow-up examination and cigarette pack
years for the period of the 6 years of follow-up. were
estimated for each patient. Ex-smokers were defined as
smokers who reported to be non-smokers on at least 2
yearly follow-up examinations or, in case of the 6 year
follow-up, to have stopped smoking for at least 1 year.

- Heavy cigarette smoking was defined as reported cigarette

smoking of at least 20 cigarettes per day.

| Statistical Analysis )

For comparisons of groups the Wilcoxon rank sum test
{continuous response) and the exact test of Fisher
{categorical response) were used. In order to investigate
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the associations between smoking and retinopathy and
nephropathy respectively, with an adjustment for
important  confounding factors, various multiple
regression modeis were performed. As response variables
‘change of retinopathy’, ‘change of nephropathy’ as well
as retinopathy and nephropathy status at follow-up were
used. Smoking was measured by means of four different
variables: ‘life-time cigarette pack years’, ‘diabetes dur-
ation cigarette pack years’, ‘study period cigarette pack
years’, and ‘heavy smoking (yes/no). As confounding
factors the variables diabetes duration, initial HbA,
levels, mean HbA,. levels during follow-up (mean of the

values of the 1, 2, 3, and 6-year follow-up examination),

mean systolic blood pressure, mean diastolic blood
pressure (mean of all values: baseline, 1, 2, 3, and 6-
year follow-up examination), gender {maleffemale), and
age were used in. all models. For the response
retinopathy/nephropathy status at follow-up an additional
adjustment for the corresponding status as baseline was
made. We used two different HbA,. variables because
there was a significant improvement of HbA,. levels after
intensification of insulin therapy.>"!

It should be noted that the risk of disease progression
of both retinopathy and nephropathy increases until 25
years of diabetes duration and decreases with longer
diabetes duration, That means that a standard regression
mode! containing only the linear term of diabetes
duration cannot describe the relationship between disease
progression and diabetes duration adequately. The easiest
way to yield a better description of such an association
is to include at least the quadratic term of diabetes
duration in the regression equation. We tested the
quadratic effect of diabetes duration in various models
and found that it was sometimes highly significant with
a clear improvement of model adequacy but sometimes
not. As the consideration of quadratic effects makes it
more difficult to interpret the regression coefficients we
decided to drop the quadratic term of diabetes duration
from this analysis. Moreover, the goal of the present
paper was not the investigation of the relationship
between diabetes duration and disease but the relation-
ship between smoking and disease by considering
diabetes duration only as a confounding factor.

Since all response variables were first of all measured

in an ordinal scale the proportional odds model'” was
applied. However, we found by means of a score test
that the proportional odds assumption was not fulfilled
in all cases, indicating that the association bétween
disease and smoking cannot be characterized by a single
odds ratio. Hence, we used the following binary variables
as response: progression of retinopathy (ves/no), any
retinopathy at follow-up (yes/no), advanced retinopathy
at follow-up (yes/no), progression of nephropathy (yes/no),
any nephropathy at follow-up (yes/no), at least macroprot-
einuria at follow-up (yes/no). Therefore, considering six
response variables and four different smoking variables
in the final stage of the anmalysis 6 X 4 = 24 different
binary logistic regression models were performed.

Due to the observational character of the study no
adjustment for multiple hypotheses testing was made. For
computations the SAS procedures MEANS, TABULATE,'®
NPARTWAY,'? and LOGISTIC?® were used.

Results

Vital status was available for all 784 patients except for
9, who could not be traced. Thirteen patients had died.

A total of 135 patients either declined to participate

{n = 57) or had moved away too far to be re-examined.
Compared to the 636 re-examined patients the 135 drop
outs had higher HbA, . levels before the TTP (8.8 * 1.9 %
vs 8.3 * 1.8 %, mean * SD, p = 0.003, Student’s t-test)
and a lower incidence of severe hypoglycaemia during
the year before the TTP (0.15 vs 0.28 cases per patient,
p =0.031, Wilcoxon rank sum test); there were no
d:fferences with respect to smoking habits, nephropathy

* or retinopathy.

At the 6-year follow-up examination, 279 (43.9 % of
the total of 636 patients) were non-smokers, 296 (46.5 %)
were smokers (22 patients had started smoking during
the 6-year study period), and 61 patients (9.6 %) were
ex-smokers (14 patients had stopped smoking before

~recruitment and 47 had stopped smoking during the

study period). Among smokers, 151 (51 %) patients were
heavy smokers. Among smokers and ex-smokers, 52 %
had =10, 30 % had between 11 and 20, and 18 % had
>20 life-time cigarette pack years.

Data on retinopathy for both study time points (baseline

Table 1. Cross-tabufation for degree of retinopathy

Refinopathy after 6 years . .

Retinopathy at baseline | -
| ~ None * Non-proliferative Advanced - Bline®
{n=388) {n=118) (n=107) Sn=10). .
None (n = 500) CLL 369 9% 33 0 o
Non-proliferative (n= 74y - 19 20 : <30 . 5
Advanced (n = 39) 0 5

o . 34

Figures indicate number of patients
*One or both eyes. :
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and after 6 years) were available for 613 patients. The
distribution of patients according to the degree of
retinopathy is summarized in Table 1, Of the 13 deceased
patients 5 were known to have had advanced retinopathy.
visual acuity was assessed in 627 patients. in 9 patients
best visual acuity was moderately reduced (<0.5 > 0.25),
in 6 severely reduced (=0.25 > 0.1), 6 patients were.
blind in one eye and 4 patients were blind in both eyes
{best visual acuity =0.1). At baseline, 40 of the total -
group of 636 patients (6.3 %), and at 6 years, a cumulative
of 74 patients (11.6 %) had a history of laser therapy for -
retinopathy. Change of the level of retinopathy from
baseline to the 6-year follow-up: no change 423 (69 %)
patients, worsening by 1 level 133 (21.7 %) and by 2
levels 38 (6.2 %) patients, improvement by 1 level 19
(3.1 %). In Table 2 patients without progression are
compared to those with progression of retinopathy.

Various multiple logistic regression models for retino-
pathy were performed:

2.(a)

1. Logistic regression analysis for ‘progression of
retinopathy’ calculated as progression yes/no.
Using this model ‘progression of retinopathy’ was
significantly associated with diabetes duration,
baseline HbA,, mean HbA. during foilow-up,
mean diastolic blood pressure, and all four meas-
ures of smoking status (‘life time cigarette pack
years’, ‘diabetes duration cigarette pack years’,
‘study period cigarette pack vyears’, ‘heavy
smoking’), whereas sex, age, and systolic biood
pressure were not significantly associated with
progression of retinopathy (Table 3). However,
using the variable ‘life-time cigarette pack years’
the model adequacy was poor as reflected by a-
low Hosmer-Lemeshow goodness-of-fit (p = 0.057),
which means that by applying this model the

b)

Table 2. Comparison of patients with and without progression of retinopathy

Hife

association of predicted probabilities and observed
responses was low. The model was more adequate
using the variables ‘diabetes duration cigarette
pack years’ (goodness-of-fit p = 0.26, Table 3),
‘study period cigarette pack years’ (goodness-of-
fit p=0.35), and ‘heavy smoking’ (goodness-of-
fit p= 0.39), respectively. The adequacy of these
four models could be increased by including the
quadratic effect of diabetes duration.

Logistic regression for retinopathy at the 6-year
follow-up using binary responses (retinopathy
yes/no) with adjustment for retinopathy status at
baseline (reference category: no retinopathy).
These models had an adequate goodness-of-fit
(all p-values > 0.3), and there was a significant
association between ‘diabetes duration cigarette

.pack years’ {p = 0.039, difference for OR:-10 pack

years, OR = 1.36, 95 % CI 1.02-1.81), whereas
there were non-significant associations between
time cigarette pack vyears’ (p=0.13,
OR = 1.18, Cl 0.95-1.48), ‘study period cigarette
pack years’ (p=10.052, OR=2.06, CI 099-
4.3) and ‘heavy smoking’ (p =0.12, OR = 1.46,
0.91-2.35).

For the subgroup of patients without retinopathy
at baseline (retinopathy level 1, n = 490) logistic
regression for any retinopathy at the 6-year iollow-
up using* binary responses (retinopathy yes/no)
goodness-of-fit was adequate (all p-values > 0.5),
and in these models, associations between smoking
and retinopathy were of borderline significance

. ‘life-time cigarette pack years’ (p=0.2, OR=1.17,

Cl 0.92-1.48), ‘diabetes duration cigarette pack
years’ (p=0.077, OR=1.33, C| 0.97-1.82),
‘study period cigarette pack years’ (p = 0.071,

Variable Progression . No progression -+ - -
Cfpwmi7) 7 (n=442) -

Age (yi TR 336%7 327469 ‘ns. .

Women (%) " - < e A9 o T 4B RS-

Diabetes duration (yrp* ‘17664 - - 14175 - 0.0001

Baseline HbA,. (%) | B89%t2 81118 0.0001

Mean HbA,_ (%) L8113 7513 - 0000t . 1

Mean SBP (mmHg)* - 14315 - 139114 ~0.0018

Mean DBP (mmHg)* - - 838 8018 0,001 - ‘

Life time cigarette pack years* _ - . 871107 6.3£9.7 0.0021. ©

Diabetes duration cigarette pack years® - 70+8.2 43166 - 0.0001

Study period cigarette pack years 28130 21128 .+ 0.0079 -

Heavy smokers (%) a3 23 - - 0.018

Data are means £ 50; n.s., not significant. -

D8P, diastolic blood prassure; SBP, systolic blood pressure.

At the 6 year follow-up.

*Mean of values assessed at 1, 2, 3, and 6 years of follow-up.

“Mean of values assessed at recruitment 1, 2, 3, and 6 years of follow-up.
Total number of patients does not add up to n = 636 due to missing values.

CIGARETTE SMOKING IN TYPE 1 DIABETES

539



ORIGINAL ARTICLES

- Lt

Table 3. Logistic regression for progression of retinopathy

Variables Regression p - Standardized Difference Odds ratio
coefficient (5E) coefficient  for odds ratio 95 % Q)
Diabetes duration (yn* 0.063 (0.014) 0.0001 0.25 . 5 years 1.37 (1.19-1. 57] :
Baseline HbA, . (%:) 0.157 (0.056) 0.0048 617 - 1% . 1.17 (1.05-1.31)
Cigarette pack years® 0.037 (0.014 . .0.0075 . 0.14 10 years '1.44 (1.10-1.88)
Mean HbA,, (%)° 0.199 (0.083) . 0.016 015 1% 122(1.04-1.49)
Mean DBP (mmHg)* 0.043 {0.018) 0.023 o017 5 mmHg 1.23 (1.03-1.46)
Male ~0.225 {0.204) 027 —0.06 yesorno 0.8 (0.54-1.19)
Age (yo* ~0.005 (0.016) 073 . —002 10 years  0.95 (0.70-1.29)
Mean 5BP (mmHg) . =0.004 (0.01) . ¢.71 5 mmHg, 0.98 (0.89-1.08)

- ~0:03

aat the 6 year follow- -up.
*Diabetes duration cigarette pack years.

Mean of values assessed at 1, 2, 3, and 6 years of follow-up.

“Mean of values assessed at recruitment 1, 2, 3, and 6 years of follow-up.

DBP, diastolic blood pressure; SBP, systolic blood pressure.
Hosmer-Lemeshow goodness-of-fit: p = 0.26.

OR =206, C! 0.94-4.49), ‘heavy smoking’

- {p = 0.12; OR = 1.49; C| 0.90-2.47). The p-values
are slightly higher in this analysis due to the lower .
sample size. '
For the subgroup of patients free of advanced
retinopathy at baseline (combined levels 1 and 2,
n = 560} logistic regression for advanced retino-
pathy (combined levels 3 and 4) at the 6-
year follow-up using binary responses (advanced
retinopathy yes/no) the goodness-of-fit of the
models was adequate {all p-values > 0.4), but in
none of the models was smoking significantly
associated with development of advanced retino-
pathy (p > 0.4).

Data on renal parameters for both study time points
were available for 601 patients. The distribution of
patients according to the degree of nephropathy is
summarized in Table 4. Of the 13 deceased patients 3 had
renal replacement therapy and 2 had macroproteinuria.

{c)

Table 4. Cross tabulation for degree of nephropathy

Change of leve! of nephropathy: no change 430 (71.5 %)
patients, worsening by 1 level 94 (15.6 %), by 2 levels
14 (2.3 %), by 3 levels 6 {1 %), and by 4 levels 1 {0.2 %)
patients, improvement by 1 level 54 (9 %), by 2 levels
1 (0.2 %), and by 3 levels 1 (0.2 %) patients. At baseline,
22 patients (3.2 %) and after 6 years, 62 patients (9.9 %)
were treated with antihypertensive drugs. In Table 5
patients without progression are compared to those with
progression of nephropathy. Various multiple logistic
regression models for nephropathy were performed
similar to those for retinopathy. The only model in
which cigarette smoking was significantly associated
with nephropathy was the logistic regression analysis for
progression of nephropathy using the variable ‘life-time
cigarette pack years’ (p = 0.048). This model had an
adequate goodness-of-fit (p = 0.84; Table 6). However,
due to multiple testing, this result should not be overinter-
preted.

Nephropathy after 6 years

" Nephropathy
at baseline — . - — —
None - ‘Microproteinuria Macro- . Increased Renal
{n=244) (n=104) proteinuria(n = 33) s.-c:eatlmne replacement
: -' (p=1%) (n=9)
None (n = 480) 391 /I ] .3 R
Microproteinuria 51 25 Tl I 3.
{n = 95) ' s R e
Macroprateinuria 1 3 Ry 27 2
(h=19) S . o N - .
Increased 2 B 0 0 '3 3
s.-creatinine o . - D .
(n=7} :. :
Results are number of patients.’ o .
540 1. MOHLHAUSER £T AL
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Table 5. Comparison of patierits with and without progression

of-nephropathy

Variable Progression No progression Sp
(n=115) {p=4B88) .
Age (y0* : o e 32947 ‘329168 “ThS.
women (%) oY e 44 48 n.s.
Diabetes duration (yr)* 1567 14775 n.s.
Baseline HbA, . (%) 9.2+2.1 B1x18 0.0001
Mean HbA,. (%)° ‘82116 75112 - 0.0001
Mean SBP (mmHg)* 144115 139+14 - 00002
Mean DBP (mmHg)* 84x8 808 © . 0J0001
Life time cigarette pack years® 921114 66+98 0.021 .
Diabetes duration cigarette pack years® ~ 65180 47170 0.018
Study period cigarette pack years 2.8%3. ? 22129 .- 0,057
Heavy smokers (%) 32% - 24% 0.098
Data are means + SD n.s. = not significant.
DBF, diastolic blood pressure; SBP, systolic blood pressure.
*At the 6-year follow-up
spiean of values assessed at 1, 2, 3, and 6 years of follow-up.
<Mean of values assessed at recruitment, 1, 2, 3, ard 6 vears of follow-up.
Total number of patients does not add up to n = 636 due to missing values.
Table 6. Logistic regression analysis for progression of nephropathy
Variables Regression p Standardized Difference Odds ratio
coefficient (SE) coefficient  for odds ratio 95% Ch
Baseline HbA,. (%) 0.201 (0.06) 0.0007 . 0.22 1% 1.22 {1,09-1.38)
Mean DBP {mmHgy* 0.063 (0.02) 0.0024 0.27 SmmHg  1.37 {1.12-1.68)
Mean HbA,. (%)® 0.226 (0.09) 0.014 0.16 - 1% 1.25 {1.05-1.5)
Cigarette pack years® '0.023 (0.01) 0.049 013 10yr ~1.27 (1,01-1.6) .
Age (yt . -0.020(002)- 03 - = ~0.08 10yr 0.81 (0.57-1.19)
Mean SBP (mmHg)* 0.004 {0.01) 073 003 SmmHg  1.02 (0.91-1.14)
Diabetes duration (yr) " 0006 {0.02) . 072 - 0:02 ©5yr -1.03 (0.88-1.21)
Male -0.0%1 (0.23) -~ 096 -0.004 yves or no 099 {0.62-1.57)

aMean of values assessed at recruitment, 1, 2, 3, nd 6 years of follow-up.

"Mean of values assessed at l 2, 3, and 6 years of follow-up.
“Life time cigarette pack yea

DBP, diastolic blood pressure; SBP systolic blood pressure.
Hosmer-Lemeshow goodness-of-fit: p = 0.84.

Discussion

This is the first analysis of the relationship between
smoking and progression of retinopathy and nephropathy,
respectively, of a prospectively studied large cohort of
persons with Type 1 diabetes with repeated assessment
of smoking status, HbA,. levels, and blood pressure
during a follow-up period of as much as 6 years. The
results of this study show that the relationship between
smoking and retinopathy and smoking and nephropathy,
respectively, is complex and cannot be explained by
one single statistical model.

Various multiple logistic regression analyses were
performed by describing the responses retinopathy/
nephropathy either as progression yes/no or as actual
status at follow-up and by using various measures of
smoking. While significant associations were found
between smoking and retinopathy and nephropathy,

CIGARETTE SMOKING IN TYPE 1 DIABETES

respectively, the relations were variable depending on
the statistical model used. In addition, various models
were poor as reflected by a low Hosmer-Lemeshow
goodness-of-fit, indicating that neither simple logistic
regression analysis nor simple proportional odds models
could be used in order to describe the relationship
between smoking and retinopathy or nephropathy. A
crucial issue is the selection of confounding factors and
whether quadratic effects should be included or not. It
is of note that, in previous publications, assessments of
goodness-of-fit were not reported. Thus, the lack of
associations between smoking and retinopathy or nephro-
pathy could be simply due to the inadequacy of the
statistical models used. in the present study, we have
applied several statistical models using binary responses.
The disadvantage of the binary responses is that there
are only two categories, eg. ‘progression of
retinopathy/nephropathy’ ‘yes’ or ‘no’, which means that
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patients with improvement are subsumed in the category
‘no progression’. Moreover, the risks for progression may
be dependent on the different disease stages. To analyse
the transition times between disease stages the mathemat-
ical framework of multistate stochastic processes can be
used.2122 However, these models are complex, the data
requirement is particularly strict, and computer programs
must become more accessible.

We tried to improve the adequacy of the statistical
models by a more precise definition of smoking. Instead
of just classifying patients as ‘smokers’, ‘ex-smokers’ or
'non-smokers’, or using ‘life-time cigarette pack years’
we additionally used the variables ‘diabetes duration
cigarette pack years’, ‘study period cigarette pack years’
and ‘heavy smoking’. This approach resulted in an
improvement of the statistical models for retinopathy.
Consequently, the strongest association was found
between ‘progression of retinopathy’ and ‘diabetes dur-
ation cigarette pack years’, whereas for nephropathy the
strongest association was found between ‘progression
of nephropathy’ and ‘life-time cigarette pack years'.
Subgroup analysis further supported the concept of a
complex association between smoking and retinopathy.
Thus, even the statistical models used in the present
study seem inadequate in order to precisely describe the
association between smoking and retinopathy or nephro-

pathy. .

The present study has several limitations, which

additionally could obscure real associations between
smoking and retinopathy or nephropathy. Thus, the
primary goal of the present study was not the investigation
of factors influencing the development and progression
of microvascular complications, Therefore, assessment
methods for retinopathy and nephropathy were rather
crude and study conditions were not identical at the
various examination time points. Proteinuria could be
measured only in spot urine samples rather than in
overnight or 24-h urine samples. This could explain
some of the discrepancies found with respect to smoking
and nephropathy between this study and previous
studies.” In addition, only about 81 % of the original
cohort could be analysed. As expected, the prevalence
of severe miceovascular complications was high in the
deceased patients. The impact of smoking in the patients
who declined to participate and the deceased patients
could not be assessed. Finally, it has to be stressed that
the associations between smoking and retinopathy or
nephropathy may not be causal.

In conclusion, the present study indicates that the
associations between cigarette smoking and retinopathy
and nephropathy, respectively, in persons with Type 1
diabetes are complex and cannot be explained by a
single statistical model or by one single measure such
as an odds ratio. Future studies should report the
adequacy of the statistical models used.
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