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Abstract
Aims/hypothesis We examined whether small amounts of
low-intensity physical activity were associated with reduced
risk of developing type 2 diabetes in a national sample of
people aged 50 years and over.
Methods The sample comprised 7,466 individuals (55.9%
women) free from self-reported doctor-diagnosed diabetes
and was prospectively followed for a mean of 45.3 months.
Baseline self-reported physical activity was categorised as
physical inactivity, low- and vigorous/moderate-intensity
physical activity at least once a week. Cox proportional
hazard regression was used to model the association
between baseline physical activity and incident type 2
diabetes.
Results Vigorous/moderate-intensity physical activity at
least once a week was associated with reduced risk of type
2 diabetes (HR 0.64, 95% CI 0.43–0.95, p=0.026) but low-
intensity physical activity at least once a week was not (HR
0.87, 95% CI 0.58–1.30, p=0.497) after adjustment for all
covariates. However, age-stratified analysis showed that
low-intensity physical activity at least once a week was
associated with reduced risk of type 2 diabetes for those
aged 70 years and over (HR 0.53, 95% CI 0.28–1.02, p=
0.059), but not for those aged 50 to 59 years (HR 1.09,
95% CI 0.52–2.29, p=0.828) or those aged 60 to 69 years
(HR 1.15, 95% CI 0.55–2.41, p=0.715) after adjustment for
all covariates.
Conclusions/interpretation Compared with physical inac-
tivity, any type of physical activity was associated with

reduced risk of type 2 diabetes in adults aged 70 years and
over, while in adults aged 50 to 69 years, physical activity
needed to be vigorous/moderate in intensity to be associ-
ated with reduced risk of type 2 diabetes.
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Introduction

The prevalence of diabetes in England almost doubled
between 1994 and 2006 in men and more than doubled in
women; approximately 10% of adults in England aged
75 years and over have been diagnosed with the condition
[1]. The current epidemic is largely related to lifestyle
factors that are related to obesity and insulin resistance,
such as diminished physical activity and increased energy
and fat intake. Prospective cohort studies have consistently
demonstrated inverse associations between physical activity
and risk of type 2 diabetes [2, 3]. The protective effect of
physical activity becomes apparent even with moderate-
intensity exercise such as walking [3], and most studies
report dose–response associations between physical activity
and diabetes risk. The exact shape of this dose–response
association remains uncertain though [4], and the difference
in the reduction in risk between the least active and the next
least active groups is not always significant [2]. There is a
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need to study this association further in diverse populations
so as to improve the effectiveness of physical activity
interventions to reduce diabetes in younger as well as in
older populations [5].

Despite the large increase in the prevalence of diabetes in
older adults over time [1], few studies have examined the
association between physical activity and risk of diabetes in
elderly cohorts. In the Diabetes Prevention Program, struc-
tured advice on activity and diet was more effective for
reducing the risk of developing type 2 diabetes in the older
participants (60–85 years) than in the younger participants
(25–44 and 45–59 years) [6]. Similarly, in the Finnish
Diabetes Prevention Study, it was in the oldest age group
(>61 years) that nutritional counselling and promotion of
physical activity were proven most successful for preventing
diabetes, while in the youngest age group (<51 years) the
difference in the risk of diabetes between the intervention and
control groups was not significant [7]. Non-intervention data
also show that physical activity is independently associated
with a 26% reduction in the risk of incident diabetes over
10 years follow-up among adults aged 65 years and over [8].
Thus, physical activity may be particularly important for
preventing diabetes in later life, although there is presently
insufficient evidence to substantiate this.

We examined the association between physical activity and
incident diabetes in a national sample of middle-aged and
older people from the English Longitudinal Study of Ageing
(ELSA). Because the minimum amount of physical activity
needed to achieve a decrease in the risk of developing type 2
diabetes is not well established [2, 4, 5], we tested whether
even small amounts of weekly low-intensity physical activity
reduce the risk of developing type 2 diabetes in comparison
with physical inactivity. Moreover, we explored whether age
modifies the association between categories of physical
activity and incident type 2 diabetes because there is
evidence that this association is stronger in older rather than
in younger populations [6].

Methods

Participants ELSA is a prospective cohort study of
community-dwelling men and women aged 50 years and
over. The baseline ELSA interview (wave 1) in 2002–2003
included 11,523 individuals aged 50 years and over who
were recruited from households that had participated in the
Health Survey for England (HSE) in 1998, 1999 and 2001.
HSE is a health interview and examination survey that,
each year, takes different nationally representative samples
of households in England. Participants are contacted once
every 2 years for the purposes of the ELSA interview and
once every 4 years for the ELSA health examination. The
first follow-up ELSA interview and the first ELSA health

examination (wave 2) were in 2004–2005 and the second
follow-up ELSA interview (wave 3) was in 2006–2007.
Data from the HSE in 1998, 1999 and 2001, which
predated the ELSA baseline and were available for the
ELSA participants, are known as ELSA wave 0.

The analytical sample included 7,466 individuals (55.9%
women) who were aged 50 years and over and were free from
self-reported doctor-diagnosed diabetes at baseline. Individu-
als who had been diagnosed with diabetes before the baseline
(n=877) along with individuals without longitudinal data
(n=2,078) or with missing data in any of the variables used
in the analyses (n=1,102) were not included in the analytical
sample. Attrition after the baseline interview in our study
was related to older age, male sex, lower education, elevated
depressive symptoms and increased cardiovascular and non-
cardiovascular morbidity.

ELSA has been approved by various ethics committees,
including the London Multicentre Research Ethics Com-
mittee, and informed consent has been obtained from all
participants.

Assessment of diabetes The outcome measure was incident
self-reported doctor-diagnosed diabetes (i.e. new cases of
diabetes that were diagnosed after the baseline interview).
All new cases of diabetes were treated as new cases of type
2 rather than type 1 diabetes because of the age of the
participants (50 years or older). Because medical records
were not available to confirm the diagnosis of diabetes and
blood samples and data on use of diabetes medication were
not collected at baseline, we used data on use of diabetes
medication from ELSA wave 0 that were collected before
the ELSA baseline (in HSE 1998, 1999 and 2001) to
confirm diagnosis of diabetes in our participants. These
data were available only for those of our participants who
had had a nurse visit in ELSA wave 0 (n=6,011 out of
7,469 participants initially selected for inclusion in our
study). Among the 6,011 participants with diabetes medi-
cation data from wave 0, we identified only three cases that
had been misclassified in our study as free from diabetes at
baseline in 2002–2003, as they had been taking diabetes
medication before 2002. We excluded these individuals
from further analyses and assigned them to the group of
prevalent cases of diabetes. This finding indicated that the
impact of under-reporting of doctor-diagnosed diabetes on
our analysis was minimal.

Measurement of physical activity Participants were asked
how often they took part in three different types of physical
activity: vigorous, moderate and low intensity. The
response options were: more than once a week, once a
week, one to three times a month and hardly ever/never. For
the purposes of the analysis we derived a summary index of
physical activity by summing responses to the three
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physical activity questions after they had been dichotom-
ised around the frequency cut-point of once a week or more
often. The derived summary index categorised physical
activity as follows: (1) physical inactivity; (2) low-intensity
but not vigorous/moderate-intensity physical activity at
least once a week; and (3) vigorous/moderate-intensity
physical activity at least once a week. The reliability and
validity of our measure have not been assessed but a similar
categorisation of physical activity has previously been
shown to demonstrate excellent convergent validity in
grading a plethora of biochemical and other risk factors,
including BMI, triacylglycerols, fibrinogen and C-reactive
protein in the same cohort [9].

Measurement of covariates Baseline sociodemographic,
lifestyle and clinical characteristics of the sample were
used as covariates. Age was measured in years (with all
ages over 90 years being coded as 91). Sex, marital status
(married/non-married), existence of long-standing illness or
disability (yes/no), smoking status (never a smoker, ex-
smoker and current smoker) and frequency of alcohol
consumption (daily or almost daily, once or twice a week,
once or twice a month and almost never or never) were also
assessed. Socioeconomic status (SES) was measured by
quintiles of total non-pension household wealth (with
household defined as a couple with any dependent child
they may have) less debts owed by the household and by
educational attainment (university degree or equivalent,
some educational qualifications and no educational qual-
ifications). Data on self-reported doctor-diagnosed cardio-
vascular morbidity (hypertension, angina, heart attack,
congestive heart failure, heart murmur, abnormal heart
rhythm and stroke) and self-reported doctor-diagnosed non-
cardiovascular morbidity (chronic lung disease, asthma,
arthritis, osteoporosis, cancer/malignant tumour excluding
minor skin cancers, Parkinson’s disease, emotional/nervous/
psychiatric problems, Alzheimer’s disease and dementia or
other serious memory impairment) were also used. Depres-
sive symptoms were assessed as the summary score of the
eight-item Center for Epidemiological Studies—Depression
(CES-D) scale dichotomised around the cut-point of four or
more depressive symptoms [10]. Because anthropometric
data were not collected at baseline (wave 1), we calculated
BMI by using pre-ELSA data on height and weight that
were collected by nurses during a clinical examination in
ELSA wave 0.

Statistical analysis Baseline characteristics were analysed
by physical activity categories and tests for trend were
used. Follow-up time (in months) was calculated as the
time elapsed between the date of baseline interview and the
first of either the self-reported date of diagnosis of diabetes
or the date of the last ELSA interview for the individual.

The prospective association between categories of baseline
physical activity and incidence of type 2 diabetes was
assessed using Cox proportional hazard regression. First,
we estimated multivariable Cox proportional hazard regres-
sion models for the entire sample. Then, because evidence
suggests that age may modify the effect of lifestyle
interventions on preventing type 2 diabetes [6] and
retirement may be a determinant of health [11], we
estimated multivariable Cox proportional hazard models
for three different age categories (50–59, 60–69 and
≥70 years). The decision to perform age-stratified analysis,
even though the interaction terms between physical activity
and age categories were not statistically significant, was
also made on the basis that the lack of statistically
significant interaction does not imply that the association
takes necessarily the same form in all age categories. The
interaction terms between physical activity and sex and
BMI were also not significant. In both analyses, the age-
adjusted model was progressively adjusted for sex, marital
status, SES, BMI, cardiovascular and non-cardiovascular
comorbidities, health behaviours and depressive symptom-
atology. The estimates for the risk of developing type 2
diabetes in the Cox regression models are presented in the
form of hazard ratios and 95% CI.

The proportional hazards assumption was confirmed by the
use of graphical plots (log-negative log survival plots) and
statistical tests (Schoenfeld residuals tests). We repeated our
multivariable analysis after having removed all incident cases
of diabetes that were diagnosed within the first 12 months after
the baseline (n=7,434) in order to test whether reverse
causality might explain our results (baseline undiagnosed
diabetes causing physical inactivity). Similarly, we repeated
our multivariable analysis for only those participants without
any limiting long-standing illness or disability (n=5,186),
because physical limitations and serious somatic health
problems may influence the association between physical
activity and type 2 diabetes. Further, we assessed the
potential effect of missing data on our results by estimating
an age-adjusted Cox regression model for a larger sample that
included cases with missing data in any of the covariates (n=
8,470). Finally, we repeated our analysis using the average of
BMI from wave 0 and wave 2 (as an estimate of BMI at
wave 1) instead of BMI at wave 0 (n=6,109), because wave
0 BMI may underestimate BMI at wave 1 and thus affect our
results. The analysis was performed using STATA 9.2 and the
level of statistical significance was p≤0.05.

Results

Physical inactivity was related to older age, not being
married, lower SES, higher prevalence of cardiovascular
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and non-cardiovascular morbidity and long-standing ill-
ness/disability, elevated depressive symptoms, current
smoking, non-use of alcohol and higher BMI (Table 1).
Over almost 4 years of follow-up (45.3 months) there were
258 incident cases of doctor-diagnosed diabetes (Table 2).
The Cox regression models that were estimated for the

entire sample (Table 3) showed that the risk of developing
type 2 diabetes was lower for participants who performed
any type of physical activity at least once a week compared
with those who were physically inactive. Vigorous/moderate-
intensity physical activity performed at least once a week was
associated with reduced risk for diabetes after adjustment for

Table 1 Baseline characteristics of 7,466 men and women without prevalent type 2 diabetes by physical activity at baseline, English Longitudinal
Study of Ageing, 2002–2003

Variable Physical activity performed at least once a week p value for
trend

None (n=550) Low intensity
(n=1,966)

Vigorous to moderate
intensity (n=4,950)

Age, mean (SD), years 68.3 (11.0) 65.4 (10.2) 62.9 (9.1) <0.001

Sex, n (%) <0.001

Men 252 (45.8) 717 (36.5) 2,323 (46.9)

Women 298 (54.2) 1,249 (63.5) 2,627 (53.1)

Marital status, n (%) <0.001

Non-married 237 (43.1) 744 (37.8) 1,442 (29.1)

Married 313 (56.9) 1,222 (62.2) 3,508 (70.9)

Education, n (%) <0.001

Degree or equivalent 38 (6.9) 143 (7.3) 732 (14.8)

Some qualifications 193 (35.1) 884 (45.0) 2,583 (52.2)

No qualification 319 (58.0) 939 (47.7) 1,635 (33.0)

Total net non-pension household wealth,
median (interquartile range), £

71,085 (163,094) 102,000 (179,200) 163,376 (223,450) <0.001

Any long-standing illness or disability, n (%) <0.001

No 145 (26.4) 785 (39.9) 2,656 (53.7)

Yes 405 (73.6) 1,181 (60.1) 2,294 (46.3)

Cardiovascular comorbiditya, n (%) <0.001

No comorbid cardiovascular disease 234 (42.5) 966 (49.1) 2,894 (58.5)

At least one comorbid cardiovascular disease 316 (57.5) 1,000 (50.9) 2,056 (41.5)

Other non-cardiovascular comorbidityb, n (%) <0.001

No comorbid non-cardiovascular disease 201 (36.6) 855 (43.5) 2,713 (54.8)

At least one comorbid non-cardiovascular disease 349 (63.4) 1,111 (56.5) 2,237 (45.2)

Depressive symptoms (measured by the 8-item
CES-D scale), n (%)

<0.001

No or non-elevated depressive symptoms (CES-D score<4) 378 (68.7) 1,588 (80.8) 4,418 (89.3)

Elevated depressive symptoms (CES-D score ≥4) 172 (31.3) 378 (19.2) 532 (10.7)

Smoking status, n (%) <0.001

Never a smoker 189 (34.4) 693 (35.2) 1,873 (37.8)

Ex-smoker 250 (45.4) 853 (43.4) 2,278 (46.0)

Current smoker 111 (20.2) 420 (21.4) 799 (16.2)

Frequency of alcohol consumption, n (%) <0.001

Daily or almost daily 129 (23.4) 455 (23.1) 1,601 (32.4)

Once or twice a week 121 (22.0) 615 (31.3) 1,654 (33.4)

Once or twice a month 52 (9.5) 237 (12.1) 510 (10.3)

Never or almost never 248 (45.1) 659 (33.5) 1,185 (23.9)

BMI, mean (SD), kg/m2 28.4 (5.3) 28.0 (4.7) 27.1 (4.2) <0.001

a Cardiovascular comorbidities included: hypertension, angina, heart attack, congestive heart failure, heart murmur, abnormal heart rhythm and stroke
b Non-cardiovascular comorbidities included: chronic lung disease, asthma, arthritis, osteoporosis, cancer/malignant tumour excluding minor skin cancers,
Parkinson’s disease, emotional/nervous/psychiatric problems, Alzheimer’s disease and dementia or other serious memory impairment
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covariates (HR 0.41, 95% CI 0.28–0.59, p<0.001 and HR
0.64, 95% CI 0.43–0.95, p=0.026 in the age-adjusted and
fully adjusted models, respectively). Low-intensity physical
activity performed at least once a week was also associated
with reduced diabetes risk but its effect was less strong and
the association was not statistically significant (HR 0.68,
95% CI 0.46–1.01, p=0.058 and HR 0.87, 95% CI 0.58–
1.30, p=0.497 in the age-adjusted and fully adjusted models,
respectively). Of all covariates used in these models, SES
and BMI had the strongest effects on the association.

A sensitivity analysis that did not include cases of
diabetes that were diagnosed within 12 months after the
baseline (n=7,434) produced results similar to those of the
main analysis (HR 0.82, 95% CI 0.54–1.25, p=0.359 and
HR 0.59, 95% CI 0.39–0.89, p=0.011 for the low- and

vigorous/moderate-intensity physical activity categories,
respectively, in the fully adjusted model). The point
estimates of the sensitivity analysis that was based on
5,186 individuals without self-reported limiting long-
standing illness or disability were similar to those from
the main analysis but were not statistically significant (HR
0.89, 95% CI 0.44–1.80, p=0.751 and HR 0.64, 95% CI
0.33–1.24, p=0.184 for the low- and vigorous/moderate-
intensity physical activity categories, respectively, in the
fully adjusted model). The age-adjusted model estimated
for a larger sample that included cases with missing values
(n=8,470) produced results similar to those from the main
analysis (HR 0.66, 95% CI 0.46–0.94, p=0.20 and HR
0.39, 95% CI 0.28–0.55, p<0.001 for the low- and
vigorous/moderate-intensity physical activity categories,
respectively). Cox regression models that used the average
of BMI from waves 0 and 2 instead of BMI at wave 0 (n=
6,109) produced almost identical results (HR 0.69, 95% CI
0.45–1.07, p=0.101 and HR 0.53, 95% CI 0.35–0.81, p=
0.003 for the low- and vigorous/moderate-intensity physical
activity categories, respectively, in the fully adjusted
model) to those of models using BMI at wave 0 that were
estimated for the same population (n=6,109; HR 0.69, 95%
CI 0.45–1.07, p=0.100 and HR 0.52, 95% CI 0.34–0.80,
p=0.002 for the low- and vigorous/moderate-intensity
physical activity categories, respectively, in the fully
adjusted model).

The age-stratified Cox regression models (Figs 1 and 2)
showed that there were significant age differences in the
association between physical activity and type 2 diabetes.
Low-intensity physical activity performed at least once a

Table 3 HRs (95% CI) of type 2 diabetes by physical activity at baseline in 7,466 men and women, English Longitudinal Study of Ageing,
2002–2007

Cox regression model Physical activity performed at least once a week

None
(n=550)

Low intensity
(n=1,966)

p
value

Vigorous/
moderate
intensity
(n=4,950)

p
value

Model 1: adjusted for age Reference 0.68 (0.46–1.01) 0.058 0.41 (0.28–0.59) <0.001

Model 2: adjusted for age, age-squared, sex and marital status Reference 0.69 (0.47–1.03) 0.066 0.40 (0.27–0.58) <0.001

Model 3: adjusted as for model 2 and for educational attainment
and total household wealth

Reference 0.76 (0.51–1.13) 0.170 0.49 (0.33–0.71) <0.001

Model 4: adjusted as for model 3 and for BMI Reference 0.83 (0.56–1.23) 0.339 0.57 (0.39–0.84) 0.005

Model 5: adjusted as for model 4 and for self-reported long-standing
illness/disability and cardiovascular a and non-cardiovascular
comorbiditiesb

Reference 0.84 (0.56–1.24) 0.376 0.61 (0.41–0.90) 0.012

Model 6: adjusted as for model 5 and for health behaviours Reference 0.84 (0.57–1.25) 0.391 0.62 (0.42–0.91) 0.015

Model 7: adjusted as for model 6 and for elevated depressive symptoms Reference 0.87 (0.58–1.30) 0.497 0.64 (0.43–0.95) 0.026

a Cardiovascular comorbidities included: hypertension, angina, heart attack, congestive heart failure, heart murmur, abnormal heart rhythm and stroke
b Non-cardiovascular comorbidities included: chronic lung disease, asthma, arthritis, osteoporosis, cancer/malignant tumour excluding minor skin cancers,
Parkinson’s disease, emotional/nervous/psychiatric problems, Alzheimer’s disease and dementia or other serious memory impairment

Table 2 Incidence of type 2 diabetes by physical activity at baseline
in 7,466 men and women, English Longitudinal Study of Ageing,
2002–2007

Physical activity performed at
least once a week

None
(n=550)

Low
intensity
(n=1,966)

Vigorous/
moderate
intensity
(n=4,950)

Incident cases, n 35 88 135

Person-years 1,987 7,319 18,848

Incidence rate of type
2 diabetes per 1,000
person-years

17.6 12.0 7.2
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week was not related to diabetes risk in those aged 50 to
69 years, while it was clearly associated with reduced
diabetes risk in those aged 70 years and over. In the
youngest category (50 to 59 years), the age-adjusted HRs
were 0.78 (95% CI 0.38–1.62, p=0.509) and 0.30 (95% CI
0.15–0.61, p=0.001) for the low- and vigorous/moderate-

intensity physical activity categories, respectively. Addi-
tional adjustment for all other covariates except BMI
reduced the strength of the association (HR 1.07, 95% CI
0.51–2.26, p=0.856 for the low-intensity category and HR
0.50, 95% CI 0.24–1.06, p=0.072 for the vigorous/
moderate-intensity), while further adjustment for BMI did
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not affect it (HR 1.09, 95% CI 0.52–2.29, p=0.828 for the
low-intensity category and HR 0.51, 95% CI 0.24–1.08, p=
0.078 for the vigorous/moderate-intensity). In the interme-
diate age category (60 to 69 years), the age-adjusted HR
was 0.80 (95% CI 0.39–1.64, p=0.541) for those
performing low-intensity physical activity and 0.52 (95%
CI 0.27–1.03, p=0.060) for those performing vigorous/
moderate-intensity physical activity. The respective esti-
mates were: 1.06 (95% CI 0.51–2.23, p=0.876) and 0.75
(95% CI 0.37–1.54, p=0.437) in models adjusted for all
covariates except BMI; and 1.15 (95% CI 0.55–2.41, p=
0.715) and 0.86 (95% CI 0.42–1.76, p=0.673) in the fully
adjusted models. In the oldest category (≥70 years) the age-
adjusted HRs were 0.46 (95% CI 0.24–0.87, p=0.017) and
0.39 (95% CI 0.22–0.70, p=0.002) for the low- and
vigorous/moderate-intensity physical activity categories,
respectively; additional adjustment for all other covariates
except BMI explained some of this association (HR 0.53,
95% CI 0.27–1.01, p=0.052 and HR 0.54, 95% CI 0.29–
1.01, p=0.053). Further adjustment for BMI did not greatly
affect the association (HR 0.53, 95% CI 0.28–1.02, p=
0.059 and HR 0.57, 95% CI 0.31–1.07, p=0.082 for the
low- and vigorous/moderate-intensity physical activity
categories, respectively).

Discussion

In a national sample of men and women aged 50 years and
over, physical activity was associated with a decreased risk
of developing type 2 diabetes over approximately 4 years of
follow-up, irrespective of adjustment for potential con-
founders such as obesity and SES. This finding is largely
consistent with previous work [2, 3]. The present study,
however, adds to what is already known by showing that
there are significant age differences in the association
between physical activity and incident type 2 diabetes. In
early old age (50 to 69 years) it was vigorous/moderate- but
not low-intensity physical activity that conferred protection
against diabetes, while at older ages (≥70 years) any type of
physical activity was associated with reduced diabetes risk
compared with physical inactivity and no dose–response
association was observed.

A number of strengths and weaknesses of our study need
to be recognised. A major advantage of this study is the use
of a large national sample of community-dwelling men and
women. Another strength is the detailed assessment of
baseline SES and cardiovascular and non-cardiovascular
comorbidities which, together with the use of objectively
measured BMI, allowed for an adequate adjustment in our
models. The rigorous longitudinal design of ELSA allowed
for a proper prospective exploration of the association
between physical activity and diabetes. A further strength is

the sensitivity analyses we performed, which showed that
neither missing data nor the presence of limiting long-
standing illness or disability could explain our findings
(results in the latter analysis were not significant, most
probably because of the lack of statistical power).

A major limitation is the use of a crude non-validated
self-reported physical activity measure that did not allow
for a proper examination of dose–response issues. For this
reason and because self-reported physical activity in older
adults has been shown to overestimate actual activity and
underestimate the true effects of it on mortality in older
adults [12], our study may have considerably underesti-
mated the strength of associations between physical activity
and diabetes. The use of self-reported diabetes data is
another limitation of our work. Although we examined our
self-reported diabetes data against information on past use
of diabetes medication and performed a sensitivity analysis
that excluded incident cases of diabetes that were diagnosed
within the first 12 months after the baseline, we cannot
completely rule out the possibility of reverse causality
(undiagnosed diabetes causing physical inactivity at base-
line). However, recent findings showing that there was
overall good agreement (81.5%) between self-reported
doctor-diagnosed diabetes and measured fasting blood
glucose in ELSA wave 2 [13] constitute further evidence
that the effect of undiagnosed diabetes on our results, if
any, is not expected to be great. Finally, the attrition that
ELSA has suffered must also be considered. Our results
may provide a conservative account of the association
between physical activity and the risk of developing
diabetes because it was mostly the less-educated partic-
ipants who dropped out from ELSA. These individuals
were probably less active (see Table 1) and therefore their
risk for incident diabetes may have been higher.

There is, at present, a paucity of studies examining the
association between physical activity and incidence of
diabetes in adults aged 70 years and older. In the
Cardiovascular Health Study of adults aged 65 years or
older, physical activity was independently associated with a
26% reduction in diabetes risk over 10 years’ follow-up [8].
A recent study of mortality in very old individuals found
that smaller amounts of less intense physical activity than
the recommended dose of 30 min of moderate-intensity
physical activity per day for 5 days a week was associated
with greater survival compared with physical inactivity
[14]. Another recent study of mortality in adults 70 years
old or older, which measured energy expenditure in the
most objective way by using the doubly labelled water
method, similarly suggested that any energy-expending
activity may lower the risk of mortality among older adults
[12]. Thus, our finding that relatively small amounts of
low-intensity physical activity confer an advantage against
developing type 2 diabetes among those aged 70 years and
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over is largely consistent with existing work, and indicates
that any physical activity might provide health benefits in
this age group. We also found that in this age group the
association between physical activity and incident diabetes
was not dose-dependent (this was also observed among
those aged 65 to 69 years [data not shown]). To our
knowledge no other study of older people has previously
reported the lack of a dose–response association between
physical activity and diabetes. Studies of mortality among
those aged 70 and over have provided conflicting evidence
on this issue as one study suggested that there was no clear
dose-dependent effect of physical activity on the mortality
risk and that the major difference in the risk was between
sedentary and active older adults [14], while another study
reported the existence of a clear dose-dependent association
between physical activity and mortality [12]. The lack of a
dose–response association is, of course, dependent on the
cut-points we used to derive our physical activity measure,
and therefore it should be considered in the light of a recent
review on the dose–response relationship between physical
activity and cardiovascular morbidity and mortality in older
people [15]. This concluded that the nature of this
relationship remains unclear because of the very broad
range of dose–response schemes used in epidemiological
surveys.

In the youngest age group (50 to 59 years) we found that
vigorous/moderate-intensity physical activity was related to a
49% lower risk of developing type 2 diabetes after adjustment
for all covariates. This finding accords with a meta-analytical
review of ten cohort studies showing that moderate-intensity
physical activity was associated with, on average, a 30%
reduction in risk of diabetes [3]. The marginal lack of
statistical significance in this association as well as in those
involving participants aged 70 years and over probably
reflects the lack of statistical power and thus is not per se
greatly informative about the association examined. Our
finding that low-intensity physical activity was not related to
diabetes risk in this age group suggests that in adults aged 50
to 59 years, physical activity needs to be moderate or
vigorous to confer an advantage against the risk of diabetes.
It is also in agreement with a recent meta-analysis suggesting
that it is physical activity above the level of least activity that
appears to lower the risk of diabetes [2]. In the intermediate
age group (60 to 69 years), the results were comparable with
those of the youngest age group, suggesting that low-
intensity physical activity was not related to a lower risk of
developing diabetes compared with physical inactivity and
underlying the need for vigorous physical activity to prevent
diabetes in this age group.

Of all the covariates assessed in the analysis, only SES
and obesity were found to affect the association, though
they did not fully account for the results. Previous studies

have shown that physical activity remained significantly
related to incident diabetes after adjustment for a single
measure of SES (typically education [16–18] but also
occupational class [19]). Our study has accounted in a fuller
way for SES by adjusting models for both education and
total wealth, which is one of the best measures of SES for
older people [20], and thus has more convincingly shown
that the significant association between physical activity
and incident diabetes is not an artefact of residual
confounding because of inadequate adjustment for SES.

Obesity is a risk factor for diabetes that is known to
interact with physical inactivity [21]. Our study, as previous
studies [22, 23], found that obesity partly but not fully
explained the association between physical activity and
diabetes, and therefore provides support to suggestions that
it is not only through weight regulation that physical
activity reduces the risk for diabetes [4]. As weight loss is
not the only mechanism through which physical activity is
associated with type 2 diabetes, it is important to establish
what other non-obesity-related biological mechanisms may
play a role. Structural and biochemical changes in skeletal
muscle and systemic changes such as improved hormonal
homeostasis and improvements in dyslipidaemia and
inflammation [4, 5, 24–26] may be such mechanisms.
Other studies have also examined the association between
acute exercise and rapid and pronounced induction of
hepatic metabolic enzymes and regulators of metabolism or
transcription, such as insulin receptor substrate in animals
[27] and the role of proteins that regulate translocation of
the glucose transporter isoform GLUT-4 such as Akt
substrate [28].

In conclusion, our study shows that in early old age (50
to 69 years) it is vigorous/moderate-intensity physical
activity, but not low-intensity physical activity, that is
associated with reduced risk of type 2 diabetes, while at
older ages (≥70 years) any type of physical activity is
associated with reduced risk of type 2 diabetes compared
with physical inactivity. According to these results, physical
activity recommendations for adults aged 70 years and over
should encourage participation in any physical activity.
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