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Abstract
Aims/hypothesis The aim of this study was to examine the
association of physical activity (PA) with all-cause mortality
and incident and prevalent cardiovascular disease (CVD)
among patients with type 1 diabetes.
Methods The EURODIAB Prospective Complications
Study is a cohort including 3,250 male and female patients
with type 1 diabetes (mean age 32.7±10.2 years) from 16
European countries, of whom 1,880 participated in follow-

up examinations. In analysis 1 (longitudinal), the associa-
tion of baseline PA (based on the reported number of hours
per week spent in mild, moderate and vigorous PA) with all-
cause mortality and incident CVD was examined by
performing survival analysis. In analysis 2 (cross-sectional),
we focused on the association between PA at follow-up
(data on sports, walking distance and regular bicycling)
and prevalent CVD by performing logistic regression anal-
ysis. Adjustments were made for age, sex, BMI, smoking,
consumption of alcohol, consumption of certain nutrients
and diabetic complications.
Results Analysis 1 (longitudinal): participation in moderate
or vigorous PA once a week or more was borderline inverse-
ly associated with all-cause mortality (men and women
combined) (HR 0.66, 95% CI 0.42, 1.03) and incident
CVD (women only) (HR 0.66, 95% CI 0.40, 1.08). No
association was found in men. Analysis 2 (cross-sectional):
total PA (indexed by sports, walking, bicycling) and dis-
tance walked were inversely associated with prevalent CVD
(ORtotalPA 0.66, 95% CI 0.45, 0.97; and ORwalking 0.61, 95%
CI 0.42, 0.89).
Conclusions/interpretation PA showed a borderline inverse
association with both all-cause mortality (both sexes) and
incident CVD (women only) in patients with type 1 diabe-
tes. Since this is an under-researched clinical population,
future longitudinal studies with objective PA measurements
are needed to expand on these results.
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CVD Cardiovascular disease
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MET Metabolic equivalent of task
MUFA Mono-unsaturated fatty acid
PA Physical activity
PCS Prospective Complications Study
PUFA Poly-unsaturated fatty acid
SAFA Saturated fatty acid

Introduction

Patients with diabetes have a reduced life expectancy, primarily
due to increased cardiovascular disease (CVD) mortality
[1, 2].

Physical activity (PA) is associated with a decreased risk
of mortality and CVD in the general population and patients
with type 2 diabetes [3, 4]. PA prevents CVD through
beneficial effects on glycaemic control, insulin sensitivity,
endothelial function, blood lipids and BP [5]. However,
there is a paucity of evidence on the association between
PA and CVD in patients with type 1 diabetes. Type 1
diabetes accounts for about 5–10% of all diabetes cases
and its incidence continues to increase worldwide [6, 7].

Only a few studies have investigated the association
between PA and mortality [8] or CVD [9–11] in patients
with type 1 diabetes. The designs of these studies were
prospective [8], retrospective [10] and cross-sectional [9,
11] and all suggested a beneficial effect of PA. However,
the number of studies on this topic is limited. Moreover, it is
difficult to draw conclusions from retrospective and cross-
sectional studies due to their inherent limitations, such as
difficulty in measuring historical PA. Since type 1 diabetes
typically appears early in life [6], it is possible that benefi-
cial associations found by cross-sectional studies reflect low
levels of PA due to condition-specific complications (which
may limit an individual’s ability to be physically active) and
not the other way around.

Chimen and colleagues [12] report in a literature review
that two studies of the Pittsburgh Insulin-Dependent
Diabetes Mellitus (IDDM) Morbidity and Mortality Study
[8, 10] are the most seminal on this topic. Analyses were
conducted in a US population of ∼600 patients with type 1
diabetes. In these studies, risk estimates were not adjusted
for nutrient intake, which could have caused residual con-
founding. The study on PA and mortality [8] is currently the
only prospective study on this topic. More research using
longitudinal as well as cross-sectional designs are needed to
understand the association between PA and mortality and
CVD in patients with type 1 diabetes.

The aim of this study was to investigate the association
between PA patterns and all-cause mortality and prevalent
and incident CVD in a large cohort of ∼2,000 patients with

type 1 diabetes from 16 European countries. To make the
most of the available data, we used a mixed design com-
prising a prospective (7-year follow-up) and a cross-
sectional substudy.

Methods

Study design and part ic ipants The EURODIAB
Prospective Complications Study (PCS) is a clinic-based,
prospective cohort study that recruited 3,250 patients with
type 1 diabetes from 31 centres in 16 European countries.
Full details on the design, methods and selection of patients
have been published elsewhere [13–15]. In brief, partici-
pants were recruited between 1989 and 1991 and baseline
examinations were performed. Type 1 diabetes was defined
as the diagnosis of diabetes before the age of 36 years with a
continuous need for insulin within 1 year of diagnosis. All
patients with type 1 diabetes attending a centre at least once
in the last year were eligible for selection. Participant selec-
tion was done by a stratified sampling design (by sex, age
and diabetes duration) to give a representative sample of the
target population. From each stratum, 10 individuals were
randomly selected [13]. Pregnant women and those with a
diabetes duration <1 year were excluded from the study.
Ethics committee approval was obtained at each centre. All
participants provided written informed consent.

Participants were invited for re-examination between
1997 and 1999. Of the 3,250 participants originally
recruited, 464 were lost to follow-up. For this study, two
different analyses were performed: analysis 1 (longitudinal)
used survival analysis to examine the association between
baseline PA (1989–1991) and all-cause mortality and inci-
dent CVD; analysis 2 (cross-sectional) used logistic regres-
sion to examine the association between PA at follow-up
(1997–1999) and prevalent CVD.

Participants without data onmortality status (n0804), base-
line PA (n038), diabetes duration (n02), BMI (n015), smok-
ing (n04) or alcohol and nutrient intake (n0202) were
excluded. The remaining sample comprised 2,185 participants
(67% of total) for analysis 1 (longitudinal) with all-cause
mortality as outcome. For analysis 1 (longitudinal) with inci-
dent CVD as outcome, prevalent CVD cases at baseline and
participants without data on CVD status at baseline or follow-
up were excluded (n0937). Furthermore, participants without
information on baseline PA, diabetes duration, BMI, smoking
or alcohol and nutrient intake were excluded (n0250). This
resulted in 2,063 participants (63% of total) for analysis 1
(longitudinal) with incident CVD as outcome. Of the 3,250
participants at baseline, 1,880 attended the follow-up exami-
nations (58% of total). For analysis 2 (cross-sectional), base-
line cases and participants without baseline CVD data or
follow-up were excluded (n0172). Furthermore, participants
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without information at follow-up on PA, diabetes duration,
BMI or smoking were excluded (n018). This resulted in
1,690 participants (52% of total) for analysis 2 (cross-
sectional).

Exposure variables For analysis 1 (longitudinal), self-
reported PA at baseline (1989–1991) was assessed using a
questionnaire that sought information about frequency of
participation in mild-, moderate- and vigorous-intensity ac-
tivity (≥3 times/week, 1 or 2 times/week, 1–3 times/month,
never/hardly ever). A summary index for PAwas derived by
dichotomising the responses for the different intensity cate-
gories using ≥1 time/week as a cut-off. This categorisation is
based on a similar PA summary index used in a recent
English Longitudinal Study of Ageing (ELSA) study [16],
which has shown good convergent validity against a range of
established biological cardiometabolic risk factors and inci-
dent type 2 diabetes [17]. The first two and last two categories
of the summary index were collapsed and the derived variable
was structured as none or mild PA once a week or more and
moderate or vigorous PA once a week or more.

For analysis 2 (cross-sectional), self-reported PA at
follow-up (1997–1999) was assessed by a general question-
naire on lifestyle, disease history and family history. This
questionnaire sought information about walking distance on
an average weekday, whether participants bicycled regularly
and about weekly frequency and duration of playing sports.
The main question on which sport was played was close-
ended and included the following response options: swim-
ming, soccer/football/rugby, golf, squash, jogging/skiing,
basketball/netball/volleyball, dancing, cricket, badminton,
tennis, bowling, weight-training and other sports. The ‘other
sports’ option was open-ended and participants could spec-
ify which sports they played. The questionnaire included
separate questions about the average duration (h/week) and
frequency (months/year) of participating in each sporting
activity. The weekly metabolic equivalent of task (MET-h)
corresponds to the weekly amount of time spent in each
reported sporting activity multiplied by the corresponding
MET value [18]. The MET value is an indicator of PA
intensity. Annual patterns of sporting activities were com-
puted by multiplying MET-h/week with the number of
months per year participating in sports. Sport-related PA
was divided into tertiles of MET-h/week with non-
participation forming a null category (zero MET-h/week).
The original walking distance variable was dichotomised
using 1.5 km/day as a cut-off to obtain roughly equal-sized
groups. Furthermore, we derived a dichotomous composite
measure of total PA that was based on sports participation,
walking distance and regular bicycling. Physically inactive
participants were considered to be those who reported walking
<1.5 kilometres on an average weekday, no regular bicycling
and no participation in sports. Participants who reported

walking ≥1.5 kilometres on an average weekday, regular
bicycling or played any sport were considered to be the
physically active group.

Potential confounders Smoking status, diabetes duration,
daily insulin dose and frequency of insulin injections were
derived from questionnaires. Weight, height, waist circum-
ference and hip circumference were measured. BMI was
calculated as body weight divided by squared height.
Two BP measurements were taken with a random zero
sphygmomanometer (Hawskley, Lancing, UK). The mean
value was used. Individuals were considered to have
hypertension if their systolic BP was ≥140 mmHg and/
or diastolic BP was ≥90 mmHg and/or they were taking
antihypertensive drugs [19].

Blood samples were taken and triacylglycerol [20], total
cholesterol [21] and HDL-cholesterol [22] were assayed by
standard enzymatic methods (Boehringer Mannheim,
Lewes, UK), using a Cobas-Bio centrifugal analyser
(Roche, Welwyn Garden City, UK). LDL-cholesterol was
calculated from Friedewald’s formula [23]. HbA1c was de-
termined by an enzyme immunoassay (Dako, Ely, UK),
using a monoclonal antibody raised against HbA1c with a
reference range of 2.9–4.8% (8.2–29.0 mmol/mol) [24].
HbA1c was corrected according to the DCCT method [25].
HbA1c values were reported in % and mmol/mol (IFCC), in
line with the EASD recommendations [26]. HbA1c values in
% were converted into mmol/mol by subtracting 2.15 and
multiplying by 10.929 [27].

Baseline nutritional intake was estimated by a standar-
dised 3-day dietary record (two workdays and a Sunday),
administered by trained dietitians. Dietary records were
manually coded and checked for completeness and plausi-
bility. Average daily intake of protein, total fat, saturated
fatty acid (SAFA), mono-unsaturated fatty acid (MUFA), poly-
unsaturated fatty acid (PUFA), dietary fibre, dietary cholesterol
and alcohol were centrally analysed at the Nutrition Co-
ordinating Centre in Düsseldorf using the EURODIAB nutri-
ent database [28]. Cut-off points of alcohol intake of 20 g/day
for men and 10 g/day for women were used [29].

Retinopathy was assessed by taking retinal photographs
after pupil dilatation, according to the EURODIAB protocol
[30]. The retinal photographs were graded centrally against
standard photographs by the Retinopathy Grading Centre at
the Hammersmith Hospital, Imperial College London.
Retinopathy was categorised as non-proliferative or prolif-
erative retinopathy.

At baseline, a single 24-h urine collection was performed
to calculate albumin excretion rate (AER). At follow-up,
two 24-h urine collections were performed; the AER was
based on the mean of these two collections. After excluding
proteinuria due to urinary tract infection, urinary albumin was
measured in a single laboratory by an immunoturbidimetric
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method (Sanofi Diagnostics Pasteur, Minneapolis, MN, USA)
[31]. AERwas classified as normoalbuminuria at <20μg/min,
microalbuminuria between 20 and 200 μg/min and macro-
albuminuria ≥200 μg/min [13].

Total neuropathy was assessed by combining both pe-
ripheral and autonomic neuropathy. Peripheral neuropathy
was assessed with neuropathic symptoms, including mea-
surement of vibration perception threshold. Autonomic neu-
ropathy was defined as an RR ratio (the ratio of the longest
electrocardiographic RR interval between the 28th and 32nd
beats after standing to the shortest interval between the 13th
and 17th beats) of <1.04 and/or a fall in BP from resting to
standing of >20 mmHg [32].

Outcomes Mortality data were obtained from death certifi-
cates, hospital case-notes and other sources of clinical data
in every participating centre. Deaths were coded by two
independent reviewers for identification of causes of death.
CVD was defined as a previous physician diagnosis of
myocardial infarction, angina pectoris, coronary artery by-
pass graft surgery or stroke and/or by the presence of ECG
abnormalities indicating possible ischaemia. A conventional
12-lead resting ECG was recorded on each participant and
abnormalities were classified according to the Minnesota
Code [33]. CVD events were captured by means of the
questionnaire, with additional information from hospital
records and death certificates.

Statistical analysis For analysis 1 (longitudinal), baseline
characteristics were analysed per PA summary index cate-
gory. Cox regression analysis (HRs and 95% CIs) was used
to investigate the association between baseline PA and all-
cause mortality and incident CVD. Proportional hazards
assumptions were examined by a log–minus–log plot. The
lowest category of PA was the reference. Survival time was
defined as the period between assessment date at baseline
and date of occurrence of the (death or CVD) event or end of
follow-up (for participants without event). Cox models were
adjusted for age, sex, BMI, smoking, alcohol consumption
and nutrient intake (protein, total fat, SAFA, MUFA, PUFA,
dietary cholesterol, dietary fibre). Moreover, adjustments
were made for baseline prevalence of any diabetic compli-
cation (micro- and macroalbuminuria, retinopathy or neu-
ropathy), as these are important mortality risk factors for
patients with type 1 diabetes [34]. Sensitivity analyses were
performed with additional adjustments for centre, daily in-
sulin dose and frequency of injections.

For analysis 2 (cross-sectional), characteristics were ana-
lysed per category of playing sports (in MET-h/week).
Logistic regression analysis (ORs and 95% CIs) was used to
cross-sectionally investigate how sports participation, walking
distance and total PA (indexed by sports participation, walk-
ing distance and regular bicycling) were associated with

prevalent CVD, with the lowest category of PA as reference.
Data from follow-up measurements were used (1997–1999).
Models were adjusted for age, sex, BMI, smoking, prevalence
of any diabetic complication (micro- and macroalbuminuria,
retinopathy or neuropathy) and other PAs when appropriate.

Effect modification by sex was tested by including sex×
PA interaction terms in the models. Associations were addi-
tionally adjusted for CVD risk factors (BP, HbA1c, total
cholesterol and HDL-cholesterol) in a sensitivity analysis,
to check for potential mediation.

Statistical analyses were performed by using the Statistical
Package for Social Sciences version 17.0 (SPSS, IBM
Corporation, Armonk, New York, USA). A p value of <0.05
was considered statistically significant.

Results

Baseline characteristics by PA summary index categories of
the study population for analysis 1 (longitudinal) are listed
in Table 1. Physically active patients were more likely to be
men, young and have a shorter diabetes duration, compared
with physically inactive participants. Fewer participants had
neuropathy, proliferative retinopathy, CVD and hyperten-
sion. Characteristics of the study population for the cross-
sectional analyses showed that patients who played sports
more often reported walking ≥1.5 km/day and regular bi-
cycling, compared with patients who did not play sports
(electronic supplementary material [ESM] Table 1). ESM
Table 1 also shows weekly PA levels of playing sports. The
median value of sports PA in the lowest tertile is 3.5 MET-h/
week, which corresponds to, for example, 1 h/week brisk
walking. Amedian of 9.2MET-h/week (tertile 2) approximate-
ly equals playing football for 1 h/week or walking briskly for
3 h/week, and 20.2 MET-h/week (median of tertile 3) equals
jogging for 3 h/week or playing rugby for 2 h/week. The
majority of participants (61%) did not participate in sports.

Comparisons between characteristics of included and
excluded individuals suggest that included participants were
healthier than excluded individuals (ESM Table 2).

Analysis 1 (longitudinal) Table 2 shows HRs (95% CIs) for
all-cause mortality and incident CVD according to the PA
summary index. Moderate or vigorous PA once a week or
more was associated with a decreased mortality risk (HR
0.62, 95% CI 0.40, 0.96). After adjustment for potential
confounders, this association was attenuated (HR 0.66,
95% CI 0.42, 1.03). Separate adjustment for microvascular
complications (ESM Table 3) or excluding prevalent micro-
vascular complications (ESM Table 4) did not alter our
results. Additional adjustment for centre, daily insulin dose
and frequency of insulin injections did not change the
results. Adjustment for CVD risk factors (BP, blood lipids,
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HbA1c) attenuated the associations. This was mainly caused
by adjusting for HDL-cholesterol (data not shown). No
association was found between PA and incident CVD.
Sex×PA interaction terms were significant for incident
CVD (p00.03), but not for all-cause mortality (p00.47).

Sex-stratified Cox analyses are shown in Table 3.
Moderate or vigorous PA once a week or more was
borderline associated with reduced incident CVD risk
in women (HR 0.63, 95% CI 0.39, 1.01). After adjust-
ment for potential confounders, this association was

Table 1 Baseline characteristics per category of the summary index of PA at baseline of 2,185 patients with type 1 diabetes who participated in the
EURODIAB PCS

Variable Summary index of baseline PA p value

None or mild PA once a week or more Moderate or vigorous PA once a week or more

Number 786 1,399

Men 41.7 42.5 <0.01a

Age (years) 34.7±10.3 31.8±9.9 <0.01b

Duration of diabetes (years) 14.8 (8.1–23.2) 12.9 (7.3–19.4) <0.01c

Insulin dose (U [kg body weight]−1day−1)d 0.68±0.21 0.68±0.22 0.51b

Insulin injections per daye 2.0 (2.0–3.0) 3.0 (2.0–3.0) <0.01c

BMI (kg/m2) 23.4±2.8 23.7±2.8 0.02b

Waist–hip ratiof 0.84±0.10 0.84±0.10 0.12b

Smoking 32.2 28.4 0.08a

Alcohol intake (g/day) 0.00 (0.00–8.03) 0.00 (0.00–9.50) 0.13c

0 g/day 51.0 48.4 0.24a

Protein intake (g [kg IBW]−1day−1) 1.62±0.45 1.62±0.49 0.99b

Total fat intake (energy %) 38.0±7.2 37.4±7.1 0.08b

SAFA intake (energy %) 13.5±3.5 14.0±3.4 <0.01b

MUFA intake (energy %) 15.7±4.3 14.5±3.9 <0.01b

PUFA intake (energy %) 5.03 (3.77–7.17) 5.40 (4.08–7.34) <0.01c

Dietary cholesterol intake (mg/day) 319 (226–432) 332 (236–460) 0.04c

Dietary fibre intake (g/MJ)r 1.96±0.70 1.98±0.72 0.63b

HbA1c, % (mmol/mol)g 8.45±2.03 (68.8±22.2) 8.30±1.85 (67.2±20.3) 0.09b

Total cholesterol (mmol/l)h 5.39±1.11 5.28±1.13 0.03b

HDL-cholesterol (mmol/l)i 1.50±0.44 1.49±0.42 0.44b

LDL-cholesterol (mmol/l)j 3.39±1.00 3.32±0.99 0.19b

Triacylglycerol (mmol/l)k 0.88 (0.68–1.25) 0.90 (0.69–1.26) 0.71c

Systolic BP (mmHg)l 120.7±19.4 121.0±16.9 0.75b

Diastolic BP (mmHg)l 75.1±11.9 75.2±11.2 0.77b

Hypertensionm 26.0 21.9 0.03a

Albuminurian

Microalbuminuria 22.3 20.4 0.30a

Macroalbuminuria 9.8 8.0 0.17a

Retinopathyo

Non-proliferative retinopathy 36.3 36.4 0.70a

Proliferative retinopathy 13.1 9.3 0.01a

Total neuropathyp 39.5 29.6 <0.01a

Cardiovascular diseaseq 11.4 7.5 <0.01a

Values are expressed as mean±SD, median (25th–75th percentile) or percentage

IBW, ideal body weight

p values are based on a Pearson’s χ2 test, b independent samples t test or c the Mann–Whitney U test

n0d 2,161; e 2,183; f 2,182; g 2,176; h 2,166; i 2,149; j 1,450; k 1,455; l 2,184; m 2,173; n 2,105; o 1,810; p 2,153; q 2,163
r Dietary fibre intake is expressed as grams of dietary fibre per MJ of total energy intake
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attenuated (HR 0.66, 95% CI 0.40, 1.08). No associa-
tion was found in men.

Analysis 2 (cross-sectional) Table 4 presents ORs (95%
CIs) for CVD according to categories of playing sports (in
MET-h/week). No associations were found.

Table 5 shows ORs (95% CIs) for CVD according to
categories of distance walked. Walking ≥1.5 km/day was
inversely associated with prevalent CVD (OR 0.62, 95% CI
0.43, 0.90). This association remained after adjustment for
covariates (OR 0.61, 95% CI 0.42, 0.89).

ORs (95% CIs) for CVD according to the categories of
total PA are presented in Table 6. The category ‘physically
active’ was inversely associated with prevalent CVD (OR
0.66, 95% CI 0.45, 0.97). After adjustment for potential

confounders, this inverse association persisted (OR 0.66,
95% CI 0.45, 0.97).

Effect modification by sex was not observed (all p-
interaction >0.60).

Discussion

This is one of the few studies that, to our knowledge,
investigated the associations between multiple indices of
PA and cardiovascular risk and all-cause mortality among
patients with type 1 diabetes. We found evidence for a
marginally inverse association between PA at baseline and
all-cause mortality, this applied to both sexes. We also found
evidence for a borderline inverse association between PA at
baseline and incident CVD in women. Both walking dis-
tance and total PA (as a summary measure of sports, walking
distance and bicycling regularly) were inversely associated
with prevalent CVD in the cross-sectional analysis (both
sexes).

The inverse association between PA and mortality is in line
with findings of two observational studies of the Pittsburgh
IDDM Morbidity and Mortality Study [8, 10]. Moy and
colleagues observed an inverse association between PA and
mortality in men after 6 years of follow-up [8]. Retrospective
findings of the Pittsburgh IDDM Morbidity and Mortality
Study indicated that in men, participation in school sports
was associated with a reduced mortality risk [10]. This
was not statistically significant after adjustment for life-
style factors.

In the Pittsburgh IDDMMorbidity and Mortality Study, a
weak inverse association between participation in sports
during high school and prevalent CVD was observed in
men only [10]. In our study, we found an inverse association
between PA and incident CVD in women only. As this
differential association between men and women was not
supported by either the analyses with all-cause mortality and
prevalent CVD or by previous studies, we consider it un-
likely that there are sex differences in the association be-
tween PA and incident CVD.

Cross-sectional findings of our study confirm previous
findings from a study on reduced PA in patients affected by
CVD. In the Finnish Diabetic Nephropathy (FinnDiane)
Study, low-intensity leisure-time PA was associated with
prevalent CVD in 1,945 patients with type 1 diabetes [11].
In the Pittsburgh Epidemiology of Diabetes Complications
Study, no clear association between PA and prevalent CVD
was observed [9]. Most likely, the few CVD events that
occurred in this young population inhibited the power to
detect a significant association.

No previous studies have been published on the associa-
tion between walking distance and CVD in patients with
type 1 diabetes. The inverse association between walking

Table 2 HRs (95% CI)a of all-cause mortality and incident CVD
during follow-up per dichotomised category of the summary index of
PA at baseline (analysis 1)

Study outcome Summary index of baseline PA

None or mild
PA once a
week or more

Moderate or
vigorous PA once
a week or more

All-cause mortality (n02,185)

No. 786 1,399

Cases 44 42

Person-yearsb 7.5 (7.0–7.9) 7.4 (6.9–7.9)

Model 1c 1.00 0.62 (0.40, 0.96)

Model 2d 1.00 0.64 (0.41, 0.98)

Model 3e 1.00 0.66 (0.42, 1.02)

Model 4f 1.00 0.66 (0.42, 1.03)

Incident CVD (n02,063)

No. 720 1,343

Cases 58 87

Person-yearsb 7.4 (6.9–7.8) 7.3 (6.9–7.8)

Model 1c 1.00 0.92 (0.66, 1.29)

Model 2d 1.00 0.92 (0.65, 1.29)

Model 3e 1.00 0.96 (0.68, 1.36)

Model 4f 1.00 0.97 (0.69, 1.37)

a Expressed as HR (lower confidence limit, upper confidence limit)
b Expressed as median (25th–75th percentile)
c HRs are adjusted for age and sex
d HRs are additionally adjusted for BMI, smoking (non; ex; current)
and alcohol intake (0 g/day; women <10 g/day or men <20 g/day;
women ≥10 g/day or men ≥20 g/day)
e HRs are additionally adjusted for intake of total fat (energy %), SAFA
(energy %), MUFA (energy %), PUFA (energy %), dietary cholesterol
(mg/day), dietary fibre (g/MJ), and protein (g [kg ideal body weight]−1

day−1 )
f HRs are additionally adjusted for prevalence of diabetic complications
at baseline (yes/no)
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distance and CVD that we found in the current study is
supported by studies in patients with type 2 diabetes [35]
and the general population [36].

Previous research has shown the beneficial effects of PA
on glycaemic control, insulin sensitivity, endothelial func-
tion, blood lipids and BP [5]. These variables are CVD risk
factors and rely on short-term effects of PA. In the current
study, the long-term association was investigated. It is pos-
sible that inverse associations between PA and CVD are
explained by beneficial effects on these CVD risk factors.

In the current study, additional adjustments for BP, blood
lipids and HbA1c showed that HDL-cholesterol attenuated
the association between PA and all-cause mortality, but not
between PA and CVD. This indicates that HDL-cholesterol
may mediate the association between PA and all-cause mor-
tality, although this is not confirmed for CVD. A recent
literature review [12] states that PA is suggested to benefi-
cially influence HDL-cholesterol in patients with type 1
diabetes, in whom low levels are considered a risk factor
for CVD. It is plausible to think that a considerable

Table 3 HRs (95% CI)a of incident CVD during follow-up per category of the summary index of PA at baseline, stratified for sex (n02,063)
(analysis 1)

Study outcome Summary index of PA for men Summary index of PA for women

None or mild PA once
a week or more

Moderate or vigorous PA
once a week or more

None or mild PA once
a week or more

Moderate or vigorous PA
once a week or more

Incident CVD

No. 290 774 430 569

Cases 18 57 40 30

Person-yearsb 7.4 (7.0–7.8) 7.3 (6.9–7.8) 7.4 (6.9–7.8) 7.3 (6.8–7.8)

Model 1c 1.00 1.44 (0.84, 2.45) 1.00 0.63 (0.39, 1.01)

Model 2d 1.00 1.44 (0.85, 2.47) 1.00 0.62 (0.39, 1.00)

Model 3e 1.00 1.46 (0.85, 2.51) 1.00 0.65 (0.40, 1.05)

Model 4f 1.00 1.47 (0.85, 2.52) 1.00 0.66 (0.40, 1.08)

a Expressed as HR (lower confidence limit, upper confidence limit)
b Expressed as median (25th–75th percentile)
c HRs are adjusted for age
d HRs are additionally adjusted for BMI, smoking (non; ex; current) and alcohol intake (0 g/day; women <10 g/day or men <20 g/day; women
≥10 g/day or men ≥20 g/day)
e HRs are additionally adjusted for intake of total fat (energy %), SAFA (energy %), MUFA (energy %), PUFA (energy %), dietary
cholesterol (mg/day), dietary fibre (g/MJ) and protein (g [kg ideal body weight]−1 day−1 )
f HRs are additionally adjusted for prevalence of diabetic complications at baseline (yes/no)

Table 4 ORs (95% CI) of prevalent CVD by categories of MET-h/week playing sports (n01,690) (analysis 2)

Study outcome Categories of sports in MET-h/week p for trend

0 Tertile 1 Tertile 2 Tertile 3

Prevalent CVD

No. 1,039 232 199 220

Cases 93 19 10 10

Model 1a 1.00 1.03 (0.61, 1.74) 0.66 (0.33, 1.30) 0.67 (0.34, 1.32) 0.15

Model 2b 1.00 1.02 (0.61, 1.73) 0.66 (0.33, 1.30) 0.66 (0.33, 1.31) 0.15

Model 3c 1.00 1.02 (0.60, 1.72) 0.65 (0.33, 1.29) 0.67 (0.33, 1.34) 0.16

Model 4d 1.00 1.04 (0.61, 1.76) 0.66 (0.33, 1.31) 0.67 (0.34, 1.34) 0.17

a ORs are adjusted for age and sex
b ORs are additionally adjusted for BMI and smoking (non; ex; current)
c ORs are additionally adjusted for other types of PA (walking distance on an average weekday and regular bicycling)
d ORs are additionally adjusted for prevalence of diabetic complications (yes/no)
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proportion of deaths in this study were due to CVD.
However, we were not able to investigate the association
between PA and CVD mortality because of the low number
of CVD deaths.

The EURODIAB PCS is a prospective cohort study with
a large sample size. Because this study consists of a
European-wide sample of patients with type 1 diabetes,
results are not restricted to a small area or country.
Methods were standardised for all centres. The association
between PA and mortality or CVD has not previously been
investigated in a relatively large cohort of patients with type
1 diabetes. Another advantage is the availability of data on
baseline nutrient intake, which may be an important con-
founder [37].

A few factors need to be kept in mind while interpreting
the results. First, few events occurred in the current study

(86 patients died [3.9%] and 145 developed CVD during
follow-up [7.0%]). This may have limited the power to
detect statistically significant associations. Second, associa-
tions found in the current study rely on self-reported PA, so
there is a considerable level of measurement error [38]. This
is due to recall limitations, social desirability and cognitive
difficulties that are associated with estimating the frequency
and duration of PA [38]. The measurement of baseline PA
was crude and did not allow us to look at the longitudinal
associations of different PA types, volumes and modes with
mortality/CVD. The baseline questionnaire only addressed
questions about the number of hours per week spent on
mild, moderate and vigorous PA. The perception of the
different PA categories may differ among participants; one
might rate a certain activity as ‘mild’, while another might
rate it as ‘moderate’. A third issue is the possible over-
reporting of a participant’s PA [39]. This all could have
resulted in misclassification of participants, leading to dilut-
ed risk estimates.

Compared with the sample of the FinnDiane Study, our
sample was less physically active regarding sports/leisure-
time PA, as 61% did not participate in sports. The
FinnDiane Study describes a median leisure-time PA
(based on the 21 most common Finnish forms of PA) of
19.7 (interquartile range 10.1–35.5) MET-h/week for 1,945
patients with type 1 diabetes [11], corresponding to activity
levels of men in the highest tertile of sports PA in our
study. However, a previous study in the general Danish
population indicates that the sports-participation rate
ranges from 16% to 37% in 14,727 men and women (aged
20–93 years) [39], which is comparable with the participa-
tion rate in our study (39%).

In our cross-sectional analyses, only information on
walking distance, regular bicycling and sports participation
that contributed to the overall PA level was available. An
English population-based study [40] found that domestic PA
(characterised by heavy housework) was associated with a
decreased all-cause mortality risk. This finding is supported
by the results of a Scottish population-based study [41].
These studies suggest that it is desirable to take all domains
of PA into account, because the association between PA and
mortality can be domain-specific.

An important issue to consider is the unavailability of a
long-term PA pattern. Changes in PA could not be estimated
due to differences in the measuring instruments between
baseline and follow-up, which is major limitation of this
study. Andersen and colleagues [42] investigated the influ-
ence of changes in PA behaviour during follow-up on the
estimated RR for baseline leisure-time PA. The results sug-
gest that the association between a lifestyle characterised by
low PA and mortality may be underestimated by up to 59%
when only a single baseline PA measurement is taken into
account [42].

Table 5 ORs (95% CI) of prevalent CVD by categories of walking
distance (n01,690) (analysis 2)

Study outcome Walking distance on an average weekday

<1.5 km ≥1.5 km

Prevalent CVD

No. 783 907

Cases 76 56

Model 1a 1.00 0.62 (0.43, 0.90)

Model 2b 1.00 0.62 (0.43, 0.89)

Model 3c 1.00 0.62 (0.43, 0.89)

Model 4d 1.00 0.61 (0.42, 0.89)

a ORs are adjusted for age and sex
b ORs are additionally adjusted for BMI and smoking (non; ex; current)
c ORs are additionally adjusted for other PAs (sports participation and
regular bicycling)
d ORs are additionally adjusted for prevalence of diabetic complica-
tions (yes/no)

Table 6 ORs (95% CI) of prevalent CVD by total PA (summary
measure of sports, walking and bicycling) (n01,690) (analysis 2)

Study outcome Total PA

Physical inactivity Physically active (any level)

Prevalent CVD

No. 438 1,252

Cases 48 84

Model 1a 1.00 0.66 (0.45, 0.97)

Model 2b 1.00 0.66 (0.45, 0.97)

Model 3c 1.00 0.66 (0.45, 0.97)

a ORs are adjusted for age and sex.
b ORs are additionally adjusted for BMI and smoking (non; ex; current)
c ORs are additionally adjusted for prevalence of diabetic complica-
tions (yes/no)
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Other issues include reverse causality, residual confound-
ing and selection bias. We tried to minimise reverse causal-
ity by excluding all baseline CVD cases for the analyses
with incident CVD. Associations were adjusted for potential
confounders, but residual confounding may still exist.
Furthermore, comparison of characteristics between includ-
ed and excluded participants showed that the included par-
ticipants formed an overall healthier sample compared with
the excluded individuals. This could have led to an under-
estimation of the probable associations we found, because
incident CVD and all-cause mortality rates most likely were
suppressed.

Given the paucity of PA studies in patients with type
1 diabetes, future research should use large samples to
investigate the effects of PA on CVD and all-cause
mortality. It is not certain whether results from studies
in patients with type 2 diabetes can be extrapolated to
patients with type 1 diabetes, as the diseases have a
different pathogenesis and timeline of development across
the life course. Future studies should use repeated meas-
ures and objective measures of PA where possible that
are not prone to the limitations of self-report instruments.
Previous studies have observed an association between
PA and reduced insulin requirements in patients with
type 1 diabetes [12]. However, it should be kept in mind
that hypoglycaemia is a major barrier to exercise in
patients with type 1 diabetes [43]. These patients may
increase carbohydrate intake to minimise the possibility
of hypoglycaemia, rather than reducing insulin dose.
There is a need for prospective studies investigating the
association between PA and insulin requirements over a
long time period, as reduced insulin requirements may
partly explain the beneficial association between PA and
CVD.

Within its limitations, this study provides a unique insight
into the association between PA and mortality and CVD
occurrence in patients with type 1 diabetes. PA was border-
line inversely associated with all-cause mortality (both
sexes) and incident CVD (women only).
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