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Abstract
Aims/hypothesis The aim of this study was to determine the
prevalence of impaired glucose regulation in male Finnish
former elite athletes and age- and area-matched controls. We
hypothesised that vigorous physical activity during young
adulthood protects from disturbances in glucose regulation
in later life.
Methods In 2008, 392 former male elite athletes (mean age
72.7±6.1 years) and 207 controls (mean age 71.6±5.6 years)
participated in a clinical study (participation rate: 50.6%). The
former athletes were divided into three groups based on their
active career sport: endurance, mixed and power sports.

Participants without a history of diabetes (n =537) underwent
a 2 h 75 g OGTT. Current volume of leisure-time physical
activity (LTPA) was determined by self-reported question-
naires and expressed in metabolic equivalent hours (MET-h).
Data on reimbursable diabetes medication from participants
and non-participants was obtained from the register of the
Finnish Social Insurance Institution.
Results Compared with the controls, the former elite athletes
had a significantly lower risk of type 2 diabetes (OR 0.72,
95% CI 0.53, 0.98). The risk of type 2 diabetes decreased with
increased LTPA volume (OR 0.98, 95% CI 0.97, 0.99 per 1
MET-h/week). The former elite athletes also had a
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significantly lower risk of impaired glucose tolerance (IGT)
than the controls (OR 0.58, 95% CI 0.38, 0.87).
Conclusions/interpretation A former career as an elite athlete
protected from both type 2 diabetes and IGT in later life. In
addition, the volume of current LTPAwas inversely associated
with the prevalence of type 2 diabetes.

Keywords Athlete . Impaired fasting glucose . Impaired
glucose tolerance . Physical activity . Type 2 diabetes

Abbreviations
IFG Impaired fasting glucose
IGT Impaired glucose tolerance
LTPA Leisure-time physical activity
MET-h Metabolic equivalent hours

Introduction

The burden of type 2 diabetes is increasing worldwide. The
underlying causes are multifactorial, but overweight, physical
inactivity and genetic predisposition are believed to be major
underlying factors [1]. Regular physical activity is known to
reduce the risk of a number of health outcomes, including type
2 diabetes [2, 3]. However, less is known about the effect of
vigorous physical activity during young adulthood on later
diabetes risk.

In 1985, a questionnaire-based study was initiated to study
Finnish former male elite athletes and age- and area-matched
controls. The questionnaires were repeated in the years 1995,
2001 and 2008. In addition, a clinical study was conducted in
2008.

Here we present data from the clinical study in relation to
type 2 diabetes and other disturbances in glucose regulation.

Methods

Participants The study population consists of male former
elite athletes who represented Finland at least once in a inter-
national competition (inter-country competition or higher)
between the years 1920 and 1965 and their age- and area-
matched controls. The controls were classified as healthy at
the medical examination, which all Finnish men undergo at
about 20 years of age as part of the national military service.
Former athletes were divided into three groups: endurance
sports (long- and middle-distance running, cross-country ski-
ing), mixed sports (football; ice hockey; basketball; track and
field: jumping, sprinting and hurdling events, decathlon) and
power sports (boxing, wrestling, weight-lifting, track and field
throwing events). The division was made according to the
type of training needed to achieve optimal results.

In 1985, a questionnaire was sent to 1,518 former athletes
and 1,010 controls, and further questionnaires were sent out in
1995 and 2001. In 2008, an invitation to participate in a
clinical study was sent to all former athletes (n =747, of whom
392 participated) and controls (n =436, of whom 207 partic-
ipated) who were still alive and who had answered at least one
of the questionnaires sent in 1985, 1995 and 2001. The
clinical study included a physical examination, laboratory
tests and questionnaires.

Data on reimbursable diabetes medication was obtained
from the register of the national Finnish Social Insurance
Institution [4].

The Ethics Committee of the Hospital District of Helsinki
and Uusimaa approved the study, and all participants provided
written informed consent.

Laboratory analyses Glucose was measured according to the
WHO 1999 guidelines [5] after participants had fasted for
12 h. Participants without a history of diabetes underwent a
standard 2 h 75 g OGTT. A blood sample was drawn 2 h after
the ingestion of the 300 ml solution, containing 75 g anhy-
drous glucose and 1.6 g citric acid. Plasma glucose was
analysed using a dehydrogenase method (ABX Diagnostics,
Montpellier, France). Type 2 diabetes, impaired fasting glu-
cose (IFG) and impaired glucose tolerance (IGT) were diag-
nosed according to WHO criteria from year 1999 [5]. Any
participant with both IFG and IGT was classified as having
IGT. Three participants had missing OGTT data.

Anthropometric data and assessment of smoking BMI was
calculated as measured weight (kg) divided by height squared
(m2). The participants’ smoking habits were assessed by a
self-administered questionnaire. Participants were considered
smokers if they had smoked over 100 cigarettes in their
lifetime and still smoked at least one cigarette daily or almost
daily or had quit smoking less than 6 months ago. Data on
smoking habits were missing for nine participants.

Assessment of leisure-time physical activity The leisure-time
physical activity (LTPA) questionnaire asked questions on the
average intensity, duration and frequency of activity during
the previous 3 months (see Electronic supplementary material
[ESM] Methods). The volume of LTPA was calculated by
multiplying the intensity (in metabolic equivalents), duration
and frequency of LTPA and is expressed in metabolic
equivalent hours (MET-h). This method has been validated
against detailed physical activity interview. LTPA data were
missing for 15 participants.

Family history of type 2 diabetes Data on family history of
type 2 diabetes were missing for 761 participants (64.3% of
the original study cohort) and so the effect of family history
could not be investigated in this study.
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Statistical analyses Data are reported as means ± SD. Per-
centage differences were tested using cross-tabulation and the
χ2 test. Logistic regression was used to estimate the OR and
95% CI. Means were compared by one-way ANOVA, and
post hoc tests by Bonferroni correction. The general linear
model (GLM) was used to adjust for other variables. Statisti-
cal analyses were carried out using IBM SPSS, version 21.0
(IBM, Armonk, NY, USA). A p value of less than 0.05 was
considered statistically significant.

Results

Of the original study cohort (n =1,183), 50.6% (n =599) par-
ticipated and 49.4% (n =584) did not. The non-participants
were older (mean age 74.9 [SD 7.3]years) than the partici-
pants (mean age 72.3 [SD 5.9]years). More non-participants
(12.8%) than participants (8.3%) had reimbursable diabetes

medication (p =0.012). Patient characteristics are shown in
Table 1. Current LTPA was 53.2% higher for the former
athletes than for the controls (31.4 vs 20.5 MET-h/week, p <
0.001). Fewer former athletes than controls smoked (5.1% vs
10.4%, p =0.016).

The age-adjusted prevalence of type 2 diabetes (self-report-
ed and screen-detected combined) tended to be lower among
the former athletes than among the controls (OR 0.68, 95% CI
0.45, 1.01). The age-adjusted prevalence of IGT was signifi-
cantly lower among the former athletes than among the con-
trols (OR 0.58, 95% CI 0.38, 0.87). Adjusting for smoking did
not influence the results.

Based on data on both self-reported and screen-detected
type 2 diabetes as well as reimbursable diabetes medication in
the whole study cohort, the prevalence of type 2 diabetes
among the former athletes was significantly lower than among
the controls (age-adjusted OR 0.72, 95% CI 0.53, 0.98). The
former athletes in the endurance group had the lowest preva-
lence of type 2 diabetes (compared with the controls OR 0.39,

Table 1 Distribution of age, BMI, leisure-time physical activity and abnormalities in glucose regulation among the participants in the clinical study in
the year 2008

Endurance (n =64) Mixed (n =221) Power (n =107) All athletes (n =392) Controls (n =207)

Age (years) 75.3±5.5*** 71.9±6. 72.8±6.2 72.7±6.1* 71.6±5.6

BMI (kg/m2) 25.0±3.3** 26.1±3.3 28.2±4.7** 26.5±3.9 26.8±3.4

LTPA (MET-h/week)a 42.8±36.6*** 31±27.3*** 25.2±23.2 31.4±28.54*** 20.5±21.7

SRT2D 4.7 (3) 7.7 (17) 9.3 (10) 7.7 (30) 15.5 (32)

No adjusting 0.27 (0.08, 0.91) 0.46 (0.24, 0.85) 0.56 (0.27, 1.20) 0.45 (0.27, 0.77)

ST2Db 9.4 (6) 11.4 (25) 13.3 (14) 11.6 (45) 10.1 (21)

No adjusting 0.91 (0.35, 2.35) 1.12 (0.61, 2.08) 1.35 (0.66, 2.77) 1.15 (0.66, 1.98)

T2Db 14.1 (9) 19.1 (42) 22.9 (24) 19.3 (75) 25.6 (53)

No adjusting 0.48 (0.22, 1.03) 0.69 (0.43, 1.08) 0.86 (0.50, 1.50) 0.69 (0.46, 1.04)

Adjusting for age 0.43 (0.20, 0.94) 0.68 (0.43, 1.08) 0.84 (0.48, 1.46) 0.68 (0.45, 1.01)

Adjusting for BMI 0.60 (0.27, 1.31) 0.76 (0.47, 1.21) 0.70 (0.39, 1.24) 0.72 (0.47, 1.08)

Adjusting for age and BMI 0.53 (0.28, 1.17) 0.75 (0.47, 1.20) 0.66 (0.36, 1.18) 0.69 (0.45, 1.04)

IFGb 25.0 (16) 22.3 (49) 22.9 (24) 22.9 (89) 17.4 (36)

No adjusting 1.58 (0.81, 3.10) 1.36 (0.81, 2.20) 1.41 (0.79, 2.51) 1.41 (0.92, 2.17)

Adjusting for age 1.91 (0.96, 3.80) 1.39 (0.86, 2.25) 1.48 (0.83, 2.66) 1.48 (0.96, 2.29)

Adjusting for BMI 1.54 (0.78, 3.04) 1.35 (0.83, 2.18) 1.43 (0.80, 2.57) 1.40 (0.91, 2.16)

Adjusting for age and BMI 1.85 (0.92, 3.71) 1.37 (0.84, 2.22) 1.52 (0.84, 2.74) 1.47 (0.95, 2.27)

IGTb 21.9 (14) 17.3 (38) 20.0 (21) 18.8 (73) 26.6 (55)

No adjusting 0.77 (0.40, 1.51) 0.58 (0.36, 0.92) 0.69 (0.39, 1.22) 0.64 (0.43, 0.95)

Adjusting for age 0.60 (0.30, 1.19) 0.55 (0.34, 0.88) 0.63 (0.35, 1.12) 0.58 (0.38, 0.87)

Adjusting for BMI 0.80 (0.41, 1.58) 0.59 (0.37, 0.94) 0.67 (0.38, 1.19) 0.64 (0.43, 0.96)

Adjusting for age and BMI 0.62 (0.31, 1.25) 0.56 (0.35, 0.90) 0.60 (0.33, 1.08) 0.58 (0.38, 0.88)

Results are presented as means ± SD, OR (95% CI) or % (n)

*p <0.05, **p<0.01, ***p <0.001 vs controls
a Data available for 62 in the endurance group, 219 in the mixed group, 102 in the power group, 383 in the all athletes group and 201 in the control group
bData available for 220 in the mixed group, 105 in the power group and 389 in the all athletes group

SRT2D, self-reported type 2 diabetes; ST2D, screen-detected type 2 diabetes; T2D, type 2 diabetes (self-reported and screen-detected type
2 diabetes combined)
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95% CI 0.20, 0.76). Age-adjustment did not influence the
result.

The prevalence of type 2 diabetes decreased by 2.1% (OR
0.98, 95% CI 0.97, 0.99) for every 1 MET-h/week increase in
LTPA volume. This association remained significant after
adjustment for age, BMI and athletic groups.

There was no significant association between the volume
of LTPA and the prevalence of IFG or IGT. The prevalence of
impaired glucose regulation (IFG, IGT and type 2 diabetes
combined) decreased significantly when the volume of LTPA
increased. Every 1 MET-h/week increase in LTPA was asso-
ciated with a decrease in the prevalence of impaired glucose
regulation of 0.9% (OR 0.99, 95% CI 0.98, 0.997). Adjusting
separately for age or athletic group did not influence the
findings. However, adjustment for BMI made these associa-
tions non-significant. The prevalence of impairment in glu-
cose regulation according to category of LTPA volume is
shown in Fig. 1.

Discussion

According to our findings the male former elite athletes with a
history of vigorous physical activity had a lower prevalence of
type 2 diabetes than the matched controls. Furthermore, those
participants with the most LTPA in later life had the lowest
prevalence of type 2 diabetes. These results support previous
findings in the same cohort reporting that current LTPA level
is associated with a lower risk of type 2 diabetes, and that with

ageing the former athletes maintained their physically active
lifestyle better than the controls [6].

With respect to type 2 diabetes the results of the present
study are consistent with several previous findings regarding
the beneficial effects of regular physical activity [2, 3, 7].
LTPA (both aerobic and resistance exercise) plays an impor-
tant role in the prevention of type 2 diabetes [3, 7]. Various
mechanisms underlie the protective effects of physical activ-
ity; for example, more advantageous body composition and
higher proportion of insulin-sensitive muscle fibres.

Our results are consistent with previous reports [8, 9] that,
unlike IFG, IGT increases with age. Ageing is associated with
a loss of muscle mass and increased muscle weakness which,
combined with a sedentary lifestyle, lead to a substantial
impairment of muscle function [9].

Our study is subject to certain limitations. Typically, the
validity and reliability of self-reported questionnaires are bet-
ter if completed in groups rather than by an individual and
give both higher and lower values than when directly mea-
sured [10]. In our study, information on smoking habits and
later life LTPA were self-reported. Also, one of the study
limitations is that we did not take into consideration the
participants’ dietary habits. Non-participants were significant-
ly older than the participants, and they had significantly more
often a reimbursable diabetes medication than the participants,
suggesting that our participants are not fully representative of
the population. It is also important to keep in mind that it is
likely that the former elite athletes represent a genetically
selected group.
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bFig. 1 The percentage of
participants belonging to different
categories of impaired glucose
regulation according to LTPA
categories. (a) Normal glucose
tolerance (NGT; n =212,
p =0.005), (b) type 2 diabetes
(n =124, p<0.001), (c) IFG
(n =123, p=0.378), (d) IGT
(n =123, p=0.004). MET I, ≤6.0
MET-h/week; MET II, 6.1–12.0
MET-h/week; MET-III,
12.1–22.5MET-h/week;MET IV,
22.6–45.0 MET-h/week; MET V,
≥45.1 MET-h/week
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According to our study findings, being a former elite
athlete is associated with a low risk of type 2 diabetes in later
life. Furthermore, a high volume of current LTPA is associated
with a significantly lower prevalence of type 2 diabetes. The
former elite athletes also had a significantly lower prevalence
of IGT than the age- and area-matched controls.
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