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Abstract Aims/hypothesis: Randomised trials targeting
high-risk people with impaired glucose tolerance have
halved progression to diabetes using behavioural inter-
ventions aimed at achieving five goals related to weight,
diet and physical activity. The number of people currently
meeting these goals in the general population is unknown.
The potential impact on the incidence of diabetes of
increasing the proportion of people who meet these goals
is also unclear. We quantified the association between the
achievement of behavioural goals for the prevention
of diabetes and the incidence of diabetes in a popula-
tion-based cohort study. Subjects and methods: European
Prospective Investigation into Cancer (EPIC)-Norfolk
is a prospective cohort of 24,155 participants aged
40–79 years who attended a baseline health check and
completed validated diet and activity questionnaires. We
assessed the association between achievement of five
diabetes healthy behaviour prevention goals (BMI <25 kg/
m2, fat intake <30% of energy intake, saturated fat intake
<10% of energy intake, fibre intake ≥15 g/4,184 kJ,
physical activity >4 h/week) and risk of developing
diabetes at follow-up (mean 4.6 years). Results: Only
20% of EPIC participants met three or more diabetes
prevention goals. Diabetes incidence was inversely related
to the number of goals achieved (p<0.001). None of the
participants who met all five goals developed diabetes,
whereas diabetes incidence was highest in those who
did not meet any goals. If the entire population were able

to meet one more goal, the total incidence of diabetes
would be predicted to fall by 20%. Conclusions/
interpretation: In this population-based study, the risk of
diabetes was inversely associated with the number of
behaviour goals for diabetes prevention that were met.
Interventions that promote achievement of these goals in the
general population could significantly reduce the growing
burden of diabetes-related morbidity and mortality.
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Introduction

Intensive behavioural interventions aimed at high-risk
people have halved progression to diabetes in three
different randomised trials [1–3]. In the large US Diabetes
Prevention Program the risk reduction in the lifestyle arm
was 58%. An identical risk reduction was seen in the
Finnish Diabetes Prevention Study (DPS), in which the
intervention was aimed at increasing adherence to five
lifestyle behaviour targets including nutritional intake,
physical activity and weight reduction. These trials have
clearly demonstrated reduced progression to diabetes in a
high-risk group defined by having impaired glucose
tolerance, but whether the impact would be similar in
larger groups of individuals at lower risk is unknown. This
cannot be directly measured at present in the absence of a
clinical trial of behaviour change in unselected individuals.
However, it may be estimated from observational data in a
cohort study.

If the behaviours targeted by intervention trials have an
impact at the population level, this information could be
used to develop interventions applicable to larger groups of
people at lower absolute risk. We assessed whether meeting
five healthy goals similar to those described in the Finnish
DPS (BMI <25 kg/m2, fat intake <30% of energy intake,
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saturated fat intake <10% of energy intake, fibre intake
≥15 g/4,184 kJ, physical activity >4 h/week) was
associated with reduced risk of developing diabetes in a
population-based cohort study.

Subjects and methods

The European Prospective Investigation into Cancer
(EPIC)-Norfolk is a prospective cohort study which
recruited men and women aged 40–74 from general
practices in the Norfolk region of the UK. Full details of
the population are reported elsewhere [4]. In brief, between
1993 and 1998, 77,630 individuals were invited to take part
in the study. Of these, 25,633 (33%) consented and
attended a baseline health check. This included anthropo-
metric and blood pressure measurements and completion of
validated diet and physical activity questionnaires [5, 6].
The dietary questionnaire was a semiquantitative, self-
administered Food Frequency Questionnaire (FFQ) that
was designed to measure an individual’s habitual food and
nutrient intake during the past year. This questionnaire has
been validated for nitrogen, potassium, vitamin C, sodium
and energy intakes [5, 7]. A health and lifestyle ques-
tionnaire included questions on occupational and non-
occupational physical activity [6]. Data were also collected
on education levels, socio-economic background, family
history of diabetes and smoking and alcohol consumption.
In terms of anthropometric variables, blood pressure and
serum lipids, EPIC-Norfolk participants were similar to a
nationally representative sample [4], although the Norfolk
region is slightly healthier than the general UK population,
with a standardised mortality ratio of 94 [8]. There was a
second health check between 1998 and 2000, and 15,028
(58.6%) participants returned for this assessment.

We specified five diabetes prevention behaviour goals
similar to those described in the DPS, to assess which
behaviours predicted the risk of progression to diabetes.
We simplified the first DPS goal, concerning loss of more
than 5% body weight, to look at whether participants had a
BMI of more or less than 25 kg/m2 at baseline. The EPIC
cohort does have records for weight at follow-up, but as all
other exposure variables concerned data collected at
baseline and the incidence of diabetes was assessed from
baseline, it was decided to use baseline BMI for
consistency. However, in order to avoid underestimating
the benefits of weight reduction in seriously obese
individuals by dichotomising the weight target, we also
explored weight difference in the baseline data. We
calculated the relative risk reduction for each 1.5 kg/m2

difference in BMI, which is roughly equivalent to a 5%
reduction in weight for most people. In the DPS, the
frequency of physical activity was assessed using a four-
point scale—those who reported ‘walking, cycling or
exercising lightly for at least 4 h per week’ were said to
have achieved a healthy goal. We created a similar
composite measure of physical activity which summed
the number of hours each participant reported spending on
cycling, walking and ‘other’ exercise activities per week.

Participants who reported more than 4 h of these activities
were likewise said to have met a healthy goal.

The three remaining nutritional goals (fat intake <30%
of energy intake, saturated fat intake <10% of energy intake
and fibre intake ≥15 g/4,184 kJ) were calculated directly
for the EPIC population. Respondents were asked to
estimate how frequently they had eaten items on a list of
130 foods over the past year, by choosing one of nine
categories of response, ranging from never to more than six
times a day. Portion weights and representative food codes
were assigned to each item, and the nutritional value was
calculated using the Compositional Analyses from Fre-
quency Estimates (CAFE) program—a computer program
that was developed alongside software for data entry of
EPIC dietary information [9]. Daily intakes of fat, saturated
fat, fibre and energy were calculated from the FFQ to
assess possible achievement of the diabetes behaviour
goals.

By summing the number of diabetes prevention behav-
iour goals that each participant met at baseline, a summary
score was calculated with a range of six possible values
(0–5). Individuals with self-reported diabetes at baseline
were excluded (n=583) and those with missing data for
healthy goal exposure variables (n=902) were excluded,
leaving 24,155 people for analysis. Incident cases of
diabetes were ascertained from multiple sources including
follow-up health checks, hospital and general practice
registers and prescribing data, as well as an HbA1c level of
greater than 7% at either baseline or follow-up. Research
has shown that a value of HbA1c of 7% has the maximum
specificity and sensitivity for detecting diabetes [10];
HbA1c has also been shown to predict nephropathy and
retinopathy as well as fasting blood glucose and 2-h post-
challenge blood glucose [11]. Capture-recapture analysis
indicated that 99% case ascertainment was attained [12].

Statistical analysis

Baseline characteristics were compared across the five
diabetes prevention behaviour goals using one-way
ANOVA for continuous variables and the χ2 test for
trend for categorical variables. Social class was recoded as
a binary variable based on the UK Registrar General’s
occupational classification (I–IIIa vs IIIb–V), and educa-
tion was reclassified according to age on leaving full-time
education (≤16 vs >16 years). Years of follow-up was
estimated as time from baseline to the first report of
diabetes from any of the sources listed above. For each
diabetes prevention score (0–5), incidence rates per 1,000
person-years of follow-up were calculated. We also
conducted a Cox regression analysis to investigate the
crude and adjusted hazard ratios for diabetes incidence for
each diabetes prevention score. We examined the rate of
diabetes incidence across each of the diabetes prevention
behaviours after recoding them into quintiles. The associ-
ation between diabetes prevention behaviour scores and
incident diabetes was assessed using multivariate logistic
regression. We controlled for age, sex, social class, family
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history of diabetes, and prescription of antihypertensive
medication. We undertook a sensitivity analysis for missing
healthy goal exposure variables by recoding them to
maximum or minimum values to assess the impact of
missing data on our model. We also stratified our model by
sex to see if there were any differences between the

proportions of males and females meeting the healthy
behaviour goals. All analyses were completed using Stata,
version 8.0. (STATA, College Station, TX, USA).

The EPIC-Norfolk study was approved by the Norfolk
Local Research Ethics Committee and participants gave
written consent prior to the first health check.

Table 1 Baseline characteristics according to the number of diabetes healthy behaviour goals achieved: the EPIC-Norfolk study 1993–2000
(n=24,155)

Characteristica Diabetes healthy behaviour goals

0 1 2 3 4 5

All respondents (%) 2,516 (10.4) 9,540 (39.5) 7,473 (30.9) 3,009 (12.5) 1,414 (5.9) 203 (0.8)
Sexb

Male (%) 1,312 (12.1) 4,815 (44.4) 3,045 (28.1) 1,208 (11.2) 418 (3.9) 36 (0.3)
Female (%) 1,204 (9.0) 4,725 (35.5) 4,428 (33.2) 996 (13.5) 996 (7.5) 167 (1.3)
Mean age, years (SD)c 60.4 (9.5) 59.5 (9.2) 58.5 (9.4) 59.0 (8.9) 57.9 (9.1) 57.9 (8.5)
Social class (%)b

I–IIIa 1,333 (9.3) 5,398 (37.7) 4,584 (32.1) 1,906 (13.3) 950 (6.6) 133 (0.9)
IIIb–V 1,099 (11.7) 3,944 (42.4) 2,783 (29.5) 1,049 (11.1) 435 (4.6) 69 (0.7)
Age left full-time education (%)b

≤16 years 1,455 (11.5) 5,013 (39.8) 3,813 (30.2) 1,527 (12.1) 696 (5.5) 108 (0.9)
>16 years 1,061 (9.2) 4,527 (39.2) 3,660 (31.7) 1,482 (12.9) 718 (6.2) 95 (0.8)
Family history of diabetes (%)
Yes 354 (11.7) 1,191 (39.4) 882 (29.2) 402 (13.3) 169 (5.6) 22 (0.7)
No 2,162 (10.2) 8,347 (39.5) 6,588 (31.2) 2,606 (12.3) 1,245 (5.9) 181 (0.9)
Smoking status (%)d

Current 345 (12.3) 1142 (40.8) 948 (33.9) 260 (9.3) 96 (3.4) 9 (0.3)
Ex-smoker 1,101 (11.0) 4,073 (40.6) 2,886 (28.8) 1,344 (13.4) 558 (5.6) 71 (0.71)
Never 1,045 (9.4) 4,247 (38.1) 3,583 (32.2) 1,388 (12.5) 751 (6.7) 123 (1.1)
Mean daily alcohol consumption, g/day (SD)e 7.0 (10.8) 8.1 (11.8) 8.5 (12.5) 12.0 (17.3) 9.8 (14.2) 5.3 (8.2)
Mean waist circumference, cm (SD)c

Male 100.8 (8.6) 97.0 (8.8) 90.9 (9.1) 94.6 (9.3) 89.5 (7.9) 85.6 (8.0)
Female 89.7 (10.5) 85.3 (10.5) 77.9 (9.3) 81.2 (9.8) 77.0 (8.6) 73.8 (5.4)
Mean hip circumference, cm (SD)c

Male 105.5 (5.8) 104.1 (5.9) 100.1 (5.9) 102.1 (6.3) 99.2 (5.7) 96.2 (4.8)
Female 109.3 (9.1) 106.0 (9.0) 100.1 (8.0) 103.0 (8.7) 99.6 (7.3) 97.0 (4.7)
Serum lipids, mmol/l (SD)
Mean total cholesterolc 6.3 (1.2) 6.3 (1.2) 6.1 (1.2) 6.2 (1.1) 6.0 (1.3) 6.0 (1.1)
Mean LDLc 4.0 (1.0) 4.1 (1.0) 3.9 (1.0) 3.9 (1.0) 3.8 (1.1) 3.9 (1.0)
Mean HDLc 1.3 (0.4) 1.4 (0.4) 1.5 (0.4) 1.4 (0.4) 1.5 (0.4) 1.6 (0.4)
Mean triglyceridesc 2.0 (1.1) 2.0 (1.1) 1.6 (0.9) 1.7 (1.1) 1.5 (1.1) 1.4 (0.8)
Mean blood pressure, mm Hg (SD)
Systolicc 139 (18) 137 (18) 133 (18) 135 (18) 131 (18) 129 (19)
Diastolicc 85 (11) 84 (11) 81 (11) 82 (11) 79 (11) 77 (11)
Mean HbA1c, % (SD)c 5.4 (0.7) 5.3 (0.8) 5.2 (0.6) 5.2 (0.6) 5.1 (0.6) 5.1 (0.5)
Mean BMI (kg/m2) (SD)c 28.8 (3.4) 27.5 (3.6) 24.5 (3.4) 26.1 (3.8) 24.2 (3.2) 22.9 (1.5)
Mean fat intake, g/day (SD)c 85.1 (29.1) 85.2 (28.9) 78.4 (28.5) 54.2 (18.0) 48.1(16.2) 42.2 (14.6)
Mean saturated fat intake, g/day (SD)c 33.7 (12.7) 33.5 (12.7) 30.5 (12.5) 19.0 (6.7) 16.1 (5.5) 13.3 (5.0)
Mean fibre intake, g/day (SD)c 16.8 (6.0) 17.7 (6.0) 18.3 (6.1) 20.0 (6.9) 22.2 (8.3) 29.0 (8.3)
Mean number of hours of physical activity/week (SD)c 1.7 (1.2) 10.4 (11.0) 11.3 (10.5) 11.2 (10.7) 12.3 (10.8) 12.0 (9.2)
aNumbers for each variable might not add up to total because of missing values
bχ2 test for trend, p<0.001
cANOVA, p<0.001
dχ2 test comparing current with ex/never smokers, p<0.001
eKruskal–Wallis test, p<0.001
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Results

Baseline characteristics for the study population are shown
in Table 1. Those meeting a higher number of goals were
more likely to be female, younger, from a higher social
class and to have never smoked than those meeting fewer
goals (χ2 test for trend, p<0.001). Similar trends were also
evident for other associated risk factors: participants who
met fewer goals were more likely to have larger waist and
hip circumferences, higher lipid values (total cholesterol,
LDL and triglycerides), higher HbA1c and elevated blood
pressure readings, as well as lower HDL values (p values
were <0.001 for all continuous variables). Those meeting
more goals were also more likely to have a lower BMI, to
consume less fat and saturated fat, to consume more fibre,
and to engage in more physical activity. Apart from the
BMI and fibre goals, the proportion of participants meeting
each diabetes prevention behaviour goal was similar to
figures reported for the control group in the DPS [2]. Only
one-fifth of EPIC participants met three or more diabetes
prevention behaviour goals, 10% achieved no goals, and
just 1% achieved all five goals.

There were 394 incident cases of diabetes during a mean
follow-up of 4.6 years (range 2–7 years, total person years
of follow-up, 110,079). The cumulative incidence rate of
diabetes was 3.5 per 1,000 person-years. The number of
participants achieving each of the diabetes prevention
behaviour goals is shown in Table 2. Only 3.8% of
participants reported consuming at least 15 g/4,184 kJ of
fibre daily, but 76.0% reported engaging in physical
activity for more than 4 h a week. The incidence of diabetes
was inversely related to the number of diabetes prevention
goals achieved (χ2 test for trend, p<0.001) (Fig. 1). No
participant who met all five goals developed diabetes; the
incidence of diabetes was highest in those who did not meet
any goals. If the entire population was able to meet one
more goal, then the total incidence of diabetes would be
predicted to fall by 20%. The Cox regression analysis
demonstrated that the hazard ratios for diabetes prevention
scores were not significantly attenuated after adjustment
for age, sex, social class, family history of diabetes and
prescription of antihypertensive medication. After recoding
BMI, fibre intake and exercise into quintiles, we found a
strong linear trend with incident diabetes. The single
diabetes prevention goal which appeared to confer the

most protection against developing diabetes was a BMI
<25 kg/m2, with an adjusted odds ratio of 0.21 (95% CI
0.15–0.29), and this was followed by exercising at least 4 h
a week (odds ratio 0.76; 95% CI 0.61–0.95). Saturated fat
intake was significantly associated with the development of
diabetes, but fat and fibre intakes were not (Table 2). In
terms of weight difference in the baseline date, both the
crude and the adjusted relative risk was 0.78 for a reduction
of 1.5 kg/m2 (BMI) units.

Sensitivity analyses demonstrated that missing healthy
goal exposure data did not affect our model: the linear trend
remained statistically significant when recoding to maxi-
mum or minimum values (χ2 test for trend, p<0.001).
Stratifying the model by sex demonstrated that a larger
proportion of females met each of the DPS healthy
behaviour goals (except for exercise >4 h/week), and that
the incident rate of diabetes was over 1.5 times higher for
men than for women (p<0.001). The general trend
remained the same for both sexes (χ2 test for trend,
p<0.001, data not shown).

Discussion

Few participants in this population-based observational
cohort study were meeting diabetes healthy behaviour
goals. The distribution was similar to figures reported for
the control group with IGT in the DPS. Similarly, Reeves
and Rafferty have confirmed that only 3.0% of Americans
meet all of a set of four comparable healthy lifestyle
characteristics [13]. We demonstrated that people who met
more of a set of five health behaviour goals for diabetes
prevention were less likely to develop the condition in the
future. The incidence of diabetes was inversely and linearly
related to the number of goals achieved. It is clear that
participants who achieved more of the diabetes healthy
behaviour goals differed in important ways from those who
achieved fewer goals. Those meeting higher numbers of
goals were more likely to be female, younger, from a higher
social class and to have never smoked than those meeting
fewer goals. Participants who met fewer goals were also
more likely to have a number of related risk factors,
including larger waist circumference, higher total choles-
terol and elevated blood pressure. They also had higher
BMI, consumed more fat and saturated fat, consumed less

Table 2 Numbers of respondents achieving each diabetes healthy behaviour goal at baseline, and association of each goal with incident
diabetes: the EPIC-Norfolk study 1993–2000 (n=24,155)

Number Percentage Univariate odds ratio Multivariate odds ratioa

BMI <25 kg/m2 9,632 39.9 0.18 (0.13–0.25)b 0.21 (0.15–0.29)b

Fat intake <30% of energy intake 6,646 27.5 1.06 (0.85–1.32) 1.28 (0.98–1.68)
Saturated fat intake <10% of energy intake 4,642 19.2 0.80 (0.61–1.05) 0.71 (0.51–0.99)c

Fibre intake ≥15 g/4184 kJ 912 3.8 0.73 (0.40–1.33) 0.83 (0.44–1.56)
Exercise >4 h/week 18,352 76.0 0.71 (0.57–0.88)c 0.76 (0.61–0.95)c

aAdjusted for all other diabetes behaviour scores, age, sex, social class, family history of diabetes and prescription of antihypertensive
medication
bp<0.001
cp=0.001–0.05
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fibre, and engaged in less physical activity. Evidence of co-
linearity between the behaviour goals demonstrated that
unhealthy behaviours tended to cluster. This finding has
implications for the types of people who should be targeted
by health promotion interventions to prevent progression to
diabetes. However, even after adjustment for age, sex,
social class, family history of diabetes and the prescription
of antihypertensive medication, results from the Cox
regression analysis suggest that the diabetes behaviour
goals are important in predicting incident diabetes and
therefore provide goals that might be targeted in preventive
strategies.

EPIC-Norfolk is a large population-based cohort and
high ascertainment of diabetes incidence was achieved
[12]. The overall incidence of diabetes was similar to
figures reported in other UK studies looking at comparable
populations [14]. Some selection bias may be present as
people attending general practice surgeries who were not
fulfilling the behavioural goals may have been more likely
to be tested, and consequently diagnosed with diabetes (for
example, if they were visibly overweight), or reported an
unhealthy diet and/or low levels of physical activity.
However, as we achieved 99% case ascertainment for all
EPIC-Norfolk participants, whether or not they returned for
the second health check, few clinically incident diabetic
individuals are likely to have been missed. Furthermore,
incident diabetes was also defined biochemically using
HbA1c >7%, so the effect of selection bias is unlikely to be
large.

The original behaviour goal related to obesity in the
Finnish DPS was to achieve a reduction of at least 5% in
body weight to reach a target BMI of less than 25 kg/m2.
As we used single baseline data from EPIC in this
prospective cohort analysis, we did not include change in
weight data, but simply stratified the population by whether
or not participants had a BMI above or below the target
value of 25 kg/m2. The effect of dichotomising the weight
target would be to underestimate the benefits of weight
reduction in seriously obese individuals. For example, a
5% weight reduction in a six-foot (1.83 m) man initially
weighing 120 kg would reduce the BMI from 35.4 to
33.7 kg/m2. Although such a weight reduction is likely to
give rise to health benefits, it would not allow such an
individual to meet the behaviour goal as we have defined it.
Indeed, only by losing 36 kg or 30% of body weight, which
is almost impossible, would such an individual attain the
BMI target. However, by calculating the relative risk
reduction for each 1.5 kg/m2 difference in BMI, which is
roughly equivalent to a 5% reduction in weight for most
people, we demonstrated a risk reduction of around 20%.
Thus, it may be by expressing the target in terms of a
greater number of levels rather than simply dichotomising
it at 25 kg/m2 that more realistic targets can be developed.
When we recoded BMI into quintiles, there was a strong
inverse linear trend with incident diabetes. Similar trends
were also seen across the fibre and exercise DPS healthy
behaviour goals after recoding them into quintiles. This
suggests that even if the goals are not met, relatively small
shifts of the entire population towards more healthy
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behaviour would result in a reduction in the incidence of
diabetes.

In terms of the physical activity DPS goal, we created a
similar composite variable that included self-reported
hours per week of walking, cycling and ‘other physical
activity’. The number of participants meeting this goal
(76%) approximated values from the Finnish control data.
Results for the number of people meeting fat and saturated
fat goals were roughly similar to those found in the DPS.
We demonstrated that crude saturated fat intake was not
significantly associated with the development of diabetes,
but in multivariate analysis it showed a slight protective
effect. As the other dietary behaviours were simultaneously
adjusted for in this model, it is difficult to elucidate the
contribution of specific dietary factors in diabetes progres-
sion—the finding perhaps indicates low overall fat intake
and possibly high intake of refined carbohydrate. The fibre
goal was achieved by just 4% of the EPIC population.
EPIC uses the Englyst and Cummings non-starch polysac-
charide definition of fibre [15]; this tends to give slightly
lower values than the Southgate method [16], which
includes other types of fibre in addition to non-starch
polysaccharide. However, verification of daily fibre intake
from other EPIC populations around Europe showed that
the UK values were particularly low [17]. This suggests
that the DPS fibre goal is unrealistic for the majority of
people on a British diet and much work needs to be done to
improve national dietary patterns.

We have shown that achievement of diabetes healthy
behaviour goals is associated with incident diabetes in a
large population-based cohort. This has implications for
individual- and population-level preventive strategies.
Information from this analysis could be used to identify
those at high risk of developing diabetes. Conducting oral
glucose tolerance tests may not be a feasible population
strategy for finding people at high risk. By collecting
simple information about the health behaviours identified
in the DPS it may be possible to target a group that is more
likely to go on to develop diabetes. Our analyses also
demonstrated that unhealthy behaviours tend to cluster in
particular subgroups: deprived older males with a history
of smoking were at increased risk of developing diabetes.
Although it is clear which subgroups are at increased risk, it
remains unclear whether targeting people in adverse
circumstances with adverse health behaviours will lead to
significant public health gain. Consequently, there is also a
need to identify those who are most amenable to change.
Finally, we must develop effective interventions that target
larger groups of people at lower absolute risk. The sort of
intensive behavioural interventions evaluated in the diabe-
tes prevention trials are costly and time-consuming and,
although they are cost-effective in high risk individuals,
may not be either feasible or cost-effective for the very
much larger group of people at lower absolute risk. Results
from these analyses suggest that population-level inter-
ventions should target increases in physical activity
alongside decreases in BMI, and point to small achievable
goals concerning nutritional intake, physical activity and
weight rather than the achievement of all-or-nothing

dichotomous goals. Thus, interventions that promote
movement towards the healthy behaviour goals for diabetes
prevention, if successfully applied in the general popula-
tion, could significantly reduce the growing burden of
diabetes-related morbidity and mortality. As 80% of EPIC
participants managed to meet only two of the diabetes
prevention goals, there is considerable scope for movement
across these behaviours. Future research should therefore
focus on developing low-cost interventions that target
larger groups of people to tackle the rising incidence of
diabetes.
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