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Abstract
Aims/hypothesis Our primary aim was to establish reliable
and generalisable estimates of the risk of myocardial
infarction (MI) for men and women with type 2 diabetes
in the UK compared with people without diabetes. Our
secondary aim was to investigate how the MI risk
associated with diabetes differs between men and women.

Methods A cohort study using the General Practice Research
Database (1992–1999) was carried out, selecting 40,727
patients with type 2 diabetes and 194,913 age and sex-
matched patients without diabetes. Rates of MI in men and
women with and without diabetes were derived, as were
hazard ratios for MI adjusted for known risk factors.
Results The rate of MI in men with type 2 diabetes was
19.74 (95% CI 18.83–20.69) per 1,000 person-years com-
pared with 16.18 (95% CI 15.33–17.08) per 1,000 person-
years in women with type 2 diabetes. The overall adjusted
relative risk of MI in diabetes versus no diabetes was 2.13
(95% CI 2.01–2.26) in men and 2.95 (95% CI 2.75–3.17) in
women and decreased with age in both sexes. Women with
type 2 diabetes aged 35 to 54 years were at almost five times
the risk of MI compared with women of the same age without
diabetes (HR 4.86 [95% CI 2.78–8.51]).
Conclusions/interpretation This study has demonstrated
that women with type 2 diabetes are at a much greater
relative risk of MI than men even when adjusted for risk
factors.
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Abbreviations
GPRD General Practice Research Database
MI myocardial infarction

Introduction

Although type 2 diabetes is known to be associated with an
increased risk of myocardial infarction (MI) [1–4], there is
still some discussion as to whether relative risk is higher in
women with diabetes than in men with diabetes [5–8] and
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how risk is affected by increasing age [9]. Many published
studies to date were either conducted in a population of one
sex only [2, 4], included people with type 1 diabetes [3, 9,
10] (which may affect the risk by age) or were limited to
those under the age of 65 [11, 12] thereby excluding a
measure of risk for patients with the highest prevalence of
type 2 diabetes. In addition, many studies were based on
comparatively small cohorts from populations with a high
underlying risk of MI [13, 14] or were selected from
secondary care [15] and consequently more likely to have
worse disease progression. All of these limitations some-
times make it inappropriate to extrapolate rates and relative
risks to other populations, and in particular to primary care,
where the majority of decisions for early primary preven-
tion in diabetes are made. Even results from meta-analyses
are unclear. Huxley et al. reported an increased relative risk
of MI in women with type 2 diabetes compared with no
diabetes, but stated that their findings were limited by the
small number of studies that presented data adjusted for
relevant risk factors such as smoking, obesity and hyper-
tension [5]. A further meta-analysis has shown an adjusted
increased relative risk in women, but this was not
statistically different from the increased relative risk in
men [7].

The prevalence of diabetes is increasing [16, 17] and
mortality rates in people with diabetes are continuing to
rise, whereas they are decreasing in people without diabetes
[18]. Reliable and generalisable data on the risk of MI in
type 2 diabetes are essential, both for professionals
responsible for primary prevention in type 2 diabetes and
for health economists estimating the financial burden of
type 2 diabetes on future health budgets. Current risk
prediction calculators have been shown to be inaccurate in
diabetes because they have been based on small numbers or
groups that are not wholly representative of people with
diabetes [19, 20]. Others have stated that an ideal model
would be based on a large-scale epidemiological study [21].
Our primary research question was to estimate the risk of
MI associated with type 2 diabetes in a large unselected
cohort drawn from the UK population. Our secondary
research question was to investigate how the MI risk
associated with diabetes differs between men and women.

Methods

Design We conducted a cohort study of MI risk in men and
women with and without diabetes using a large, nationwide
primary care database.

Data source The General Practice Research Database
(GPRD) provides anonymised data from general practices
across the UK. The GPRD is largely representative of the

UK general population in terms of age and sex distribution
according to a comparison with Office for National
Statistics data for 1994 projected from 1991 census data
[22]. At any one time the GPRD population represents
some 5% of the UK general population. In 1996, for
example, 6.4% of the population in England was repre-
sented on the GPRD, compared with 5.1% in Wales, 2.8%
in Scotland and 5.8% in Northern Ireland [22, 23]. The data
stored on the GPRD include demographics, diagnoses and
symptoms, prescriptions, hospital admission and hospital
discharge information. Data on any patient’s height, weight
and smoking habit are also available although with some
incompleteness that varies from practice to practice. Medical
diagnoses and symptoms are recorded on the database using
codes. GPRD data have been shown to be of high quality and
validity [23–29] and have been used extensively for
epidemiological research.

Study population We used the release of the database that
was available at the University of Surrey at the time of this
study and identified all men and women aged 35 to 89 on
1st January 1992 (baseline) in practices contributing
research-quality data from baseline until 31st October
1999. Men and women with type 2 diabetes before baseline
were identified using an algorithm based on age at
diagnosis, type of treatment and other supporting evidence.
Those with type 1 diabetes at any time were identified
using a separate algorithm described elsewhere [30] and
excluded from the study population. Full details of the
cohort selection have been published elsewhere [30, 31].
For each patient with type 2 diabetes up to five comparison
patients of the same age and sex and with no record of or
treatment for diabetes at any time (i.e. before 1992 or
during the follow-up period) were selected at random from
the database.

Identifying MI events To ensure only first MI events were
considered, all men and women with a history of MI or
coronary re-vascularisation before baseline were excluded.
All individuals with a first-ever diagnostic code for MI (e.g.
‘myocardial infarction’, ‘heart attack’) after baseline were
then identified from within the study population. (A full list
of codes is available on request.) Algorithms were
established to assess the reliability of the MI diagnosis.
The diagnosis was considered ‘definite’ when an MI was
recorded and the patient died within 30 days or there was
evidence of first treatment within 60 days with relevant
prescribing (nitrates, beta blockers, calcium channel block-
ers, diuretics, ACE inhibitors, low-dose aspirin [see below],
antiplatelet drugs or fibrinolytic drugs) plus other support-
ing evidence of MI within 60 days. Such supporting
evidence included codes for ischaemic heart disease,
location of infarct or confirmation of MI on ECG, raised
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cardiac enzymes, coronary artery re-vascularisation, cardiac
rehabilitation, abnormal ECG or angiogram suggesting
ischaemia, or hospital discharge letter. Patients with a
‘probable’ MI had a record of MI and relevant prescribing
or supporting evidence, but not both. If only an MI record
was evident, these were considered ‘possible’ MI cases. To
test the sensitivity of the algorithm, the GPRD records for a
random sample of patients with an MI were reviewed
independently by two clinicians.

Other risk factors BMI was calculated using available
height and weight recordings closest to baseline. For
patients without height and weight records BMI was coded
as ‘unknown’. Patient records were viewed to confirm
apparent BMIs of <20 kg/m2 or >50 kg/m2. BMIs of
<15 kg/m2 or >55 kg/m2 (<1% of the recorded values) were
deemed unreliable and were also coded as ‘unknown’.
Smoking status was also established according to the record
closest to baseline and patients classified as ‘smoker’, ‘ex-
smoker’, ‘non-smoker’ or ‘unknown’. GPRD smoking
records may refer to the number of cigarettes smoked per
day or to the smoking habit e.g. non-smoker, smoker. If the
record closest to baseline indicated ‘non-smoker’ status, but
a ‘smoker’ record existed earlier, the patient’s smoking
status was coded as ‘ex-smoker’. Patients without records
related to smoking habit were coded as ‘unknown’. Among
patients with diabetes, duration of diabetes at baseline was
estimated either from the date of the first diabetes record or
the date of the first diabetes-related prescription, whichever
was earliest. If the date of diagnosis was considered to be
unreliable due to the use of an improbable or impossible
date (3.2%), the average duration of diabetes within the
patient’s age-group was assumed for that patient and
imputed. Patients with abnormal lipids (a record for raised
cholesterol or dyslipidaemia or a pharmacological treatment
related to cholesterol control) before baseline were identi-
fied. All patients with a diagnosis of hypertension before
baseline were also identified. All identification of MI
events and co-variates was performed ‘blind’ as to whether
the patient had or did not have diabetes.

Statistical analysis Analyses were performed using Stata
version 8 (Stata, College Station, TX, USA). Rates of MI
were calculated for men and women with diabetes and the
comparison group by age-group. Cox proportional hazards
models were used to calculate HRs for MI in diabetes
versus no diabetes and in men versus women both in
patients with and without diabetes, stratified by age-group
and adjusted for smoking, BMI, hypertension and abnormal
lipids. Univariate and multivariate analyses were performed
to assess the association between the risk factors and MI
risk. To allow for attained age in these analyses, the date of
origin was set to year of birth and the date of entry was 31

December 1991. To allow for change in age-group across
the 7-year study period, all age-grouping was performed
using Lexis expansion. Therefore a patient aged 64 years in
1992 who had an event at age 67 years would contribute to
1 year of follow-up in the 55- to 64-year-old age-group and
to 3 years of follow-up in the 65- to 74-year-old age-group.

Sensitivity analyses Sensitivity analyses were carried out to
test the reliability of the MI diagnosis. As low-dose aspirin
is used widely in the primary prevention of MI, the effect of
including or excluding aspirin as supporting evidence was
investigated. Similarly, because any patient may be thought
to have had an MI but later be diagnosed with ischaemic
heart disease, we tested the algorithm by including and
excluding codes for ischaemic heart disease from the
supporting evidence criteria.

Ethics approval Approval for this study was given by the
GPRD Scientific and Ethical Advisory Group.

Results

We identified 2,544 definite, 504 probable and 126 possible
MI events among 40,727 men and women with type 2
diabetes and 4,948, 1,062 and 332 respectively in the
comparison group of 194,913 people without diabetes.
Table 1 provides the cohort characteristics at baseline and
the percentages of patients with a first MI during follow-up.
Sensitivity analysis including and excluding probable or
possible MI events made no difference to the risk estimates.
When a random sample of records from the definite and
probable groups was examined in detail, no evidence to
refute the diagnosis (e.g. a later diagnosis of epigastric pain
and discontinuation of nitrates) could be found. As the
number in the possible group was small and had little
impact on the findings, we report results based on patients
with a definite or probable MI only. The overall rate of MI
in type 2 diabetic patients was 18.03 (95% CI 17.41–18.69)
per 1,000 person-years and 7.00 (95% CI 6.82–7.18) per
1,000 person-years in the comparison group without
diabetes (Table 2). The overall relative risk of MI in
diabetes compared with no diabetes was 2.47 (95% CI
2.36–2.59) adjusted for smoking habit, BMI, hypertension
and abnormal lipids. This difference in risk decreased with
increasing age (Table 3).

Rates of MI were higher in men than in women, both in
type 2 diabetic patients and in the comparison group. The
adjusted relative risk was higher in women than in men.
Women aged 35 to 54 years with diabetes were at almost
five times the risk of having an MI than their age-matched
comparison group (HR 4.86 [95% CI 2.78–8.51]), while the
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risk among men of that age-group with diabetes was double
that of the comparison group (HR 2.21 [95% CI 1.92–
2.54]). When we assessed the effect of the risk factors on
MI risk using univariate and multivariate analyses (data not
shown), we found that no one risk factor accounted for the
increased relative risk in women or the decrease in
diabetes-related risk with increasing age. Stratification by
duration of diabetes in 5 year bands revealed a similar
relative risk pattern, with women in the youngest age-
groups being at greatest relative risk. Patients with a longer
duration of diabetes were at greater risk than those with
short duration, but this was not significant across all the age
groups.

Our examination of the effect of including or excluding
aspirin as supporting evidence for a genuine first MI event
revealed that all MI cases selected by aspirin prescriptions

and an MI code had been prescribed aspirin for the
treatment of ischaemic heart disease 60 days pre or post
MI. Thus aspirin was included in the medication list to
support the diagnosis of MI. The exclusion of cases with a
code for MI and supporting evidence of a code for
ischaemic heart disease with or without a pharmacological
treatment, but no other supporting evidence (0.4% of the
diabetes cohort and 0.2% of the comparison group) made
no difference to the risk estimates.

Discussion

This study has shown that in a cohort of people with no
prior MI, men and women with type 2 diabetes in the UK
are at more than twice the risk of MI than those without

Table 1 Characteristics of the study cohort at baseline and number with MI events during the study

Type 2 diabetes Comparison group

Men Women Men Women

n % n % n % n %

Total 21,165 52.0 19,562 48.0 99,658 51.1 95,255 48.9
Age (years)
35–54 3,868 18.3 2,474 12.7 19,086 19.2 12,341 13.0
55–64 5,681 26.8 4,339 22.2 27,170 27.3 21,451 22.5
65–74 6,664 31.5 6,003 30.7 30,827 30.9 29,230 30.7
75–84 4,291 20.3 5,412 27.7 19,556 19.6 25,892 27.2
≥85 661 3.1 1,334 6.8 3,019 3.0 6,341 6.7
Average age in 1992 (years) 65.3 68.5 65.0 68.3
Smoking status
Current smoker 4,309 20.4 2,412 12.33 20,137 20.21 12,672 13.3
Ex-smoker 1,994 9.4 940 4.8 7,881 7.9 3,940 4.1
Non-smoker 11,549 54.6 12,487 63.8 42,070 42.2 50,637 53.2
Unknown 3,313 15.6 3,723 19.0 29,570 29.7 28,006 29.4
Hypertension 6,085 28.8 7,579 38.7 15,028 15.1 19,609 20.6
Abnormal lipids 1,344 4.6 1,270 4.9 2,905 2.1 2,582 2.0
Duration of diabetes (years)
0–4 10,650 50.3 9,761 49.9 NA NA
5–9 4,872 23.0 4,668 23.9 NA NA
10–14 2,488 11.8 2,377 12.2 NA NA
≥15 2,483 11.7 2,139 10.9 NA NA
Unknown 672 3.2 617 3.2 NA NA
BMI (kg/m2)
15–19 198 0.9 400 2.0 1,539 1.5 2,888 3.0
20–24 3,966 18.7 3,020 15.4 18,972 19.0 20,268 21.3
25–29 7,620 36.0 4,837 24.7 26,803 26.9 19,824 20.8
30–34 2,961 14.0 3,087 15.8 6,322 6.3 6,688 7.0
≥35 919 4.3 1,964 10.0 1,057 1.1 2,389 2.5
Unknown 5,501 26.0 6,254 32.0 44,965 45.1 43,198 45.4
MI after baseline
Definite 1,435 6.8 1,109 5.7 3,108 3.1 1,840 1.9
Probable 304 1.4 200 1.0 663 0.7 399 0.4
Possible 71 0.3 55 0.3 184 0.2 148 0.2

NA, not applicable

1642 Diabetologia (2008) 51:1639–1645



diabetes, a difference that remains after allowing for ageing
and adjusting for BMI, smoking, hypertension and abnor-
mal lipids. The MI risk was consistently higher in men than
in women for all age-groups, both in people with and without
diabetes, although the relative risk of MI associated with
diabetes was much greater in women than men. Younger
women with type 2 diabetes carried a relative risk of MI that
was five times greater than their comparison group without
diabetes. This increased relative risk in women remained
even when adjusted for risk factors and corroborates the
findings of Huxley et al., which showed women to be at a
greater relative risk than men [5]. This finding is consistent
with our previous work on all-cause mortality and stroke in
type 2 diabetes [31, 32]. We consider that the data presented
here are consistent and that this pattern of increased relative
risk in women is likely to be real.

The sensitivity and validity of the algorithm used to
detect MI may be questioned. There was no evidence to
dispute the diagnosis of MI in cases defined as definite or
probable when the sample of complete GPRD records was
examined. The rates of MI reported here are similar to those

from other studies. For example in type 2 diabetes our rates
for ages 65 to 84 years were 24.8 (95% CI 23.4–26.2) per
1,000 person-years for men and 19.3 (95% CI 18.1–20.6)
per 1,000 person-years for women, compared with 32.9
(95% CI 25.2–43.0) and 22.9 (95% CI 16.7–31.2) in men
and women respectively reported by McAlpine et al. [13]
for the same age-group. Our rates were lower than those
reported for diabetes in a Finnish study, where the
underlying rate of MI is higher than that in the UK [33].
Our rates for men and women aged 50 to 64 years without
diabetes were very similar to those reported for Oxfordshire
in 1994 to 1995 [34] and slightly lower than those reported
for Glasgow and Belfast in the late 1980s and early 1990s
[35]. These comparisons demonstrate the robustness of
these data and suggest (1) that they could be used as a
baseline for risk of MI prior to the implementation of recent
guidelines and targets [36–38] and (2) that they could be
used for risk prediction calculations in type 2 diabetes.

Unlike other studies where the general population was
used for comparison, this study compared MI risk in
patients with type 2 diabetes and a comparison group that

Table 2 Number of MI events and rates per 1,000 person-years by sex and attained age-group in patients with and without type 2 diabetes

Events (n) Person-years at risk Rate per 1,000 person-years (95% CI)

Men Women Men Women All Men Women

Patients with type 2 diabetes
Age 35–54 years 119 40 13,779 9,269 6.90 (5.91–8.06) 8.64 (7.22–10.34) 4.32 (3.17–5.88)
Age 55–64 years 328 177 23,374 17,181 12.45 (11.41–13.59) 14.03 (12.59–15.64) 10.30 (8.89–11.94)
Age 65–74 years 655 405 29,145 25,497 19.40 (18.27–20.6) 22.47 (20.82–24.26) 15.88 (14.41–17.51)
Age 75–84 years 517 517 18,135 22,242 25.61 (24.1–27.22) 28.51 (26.15–31.08) 23.24 (21.32–25.34)
Age ≥85 years 120 170 3,675 6,715 27.91 (24.88–31.32) 32.65 (27.3–39.05) 25.32 (21.78–29.42)
All ages 1,739 1,309 88,108 80,904 18.03 (17.41–18.69) 19.74 (18.83–20.69) 16.18 (15.33–17.08)
Patients without type 2 diabetes
Age 35–54 years 157 25 69,571 45,526 1.58 (1.37–1.83) 2.26 (1.93–2.64) 0.55 (0.37–0.81)
Age 55–64 years 617 140 114,174 86,667 3.77 (3.51–4.05) 5.40 (4.99–5.85) 1.62 (1.37–1.91)
Age 65–74 years 1,367 563 141,726 132,834 7.03 (6.72–7.35) 9.65 (9.15–10.17) 4.24 (3.90–4.60)
Age 75–84 years 1,322 1,054 91,041 118,941 11.32 (10.87–11.78) 14.52 (13.76–15.33) 8.86 (8.34–9.41)
Age ≥85 years 308 457 19,496 38,665 13.15 (12.25–14.12) 15.80 (14.13–17.67) 11.82 (10.78–12.96)
All ages 3,771 2,239 436,009 422,632 7.00 (6.82–7.18) 8.65 (8.38–8.93) 5.30 (5.08–5.52)

Table 3 HRs (95% CI) for MI in type 2 diabetes compared with no diabetes stratified by sex and attained age-group, adjusted for smoking habit,
BMI, hypertension and abnormal lipids

All Men Women

Diabetes (n) 40,727 21,165 19,562
No diabetes (n) 194,913 99,658 95,255
Age 35–54 years 3.07 (2.43–3.88) 2.69 (2.07–3.49) 4.86 (2.78–8.51)
Age 55–64 years 2.83 (2.51–3.19) 2.21 (1.92–2.54) 5.25 (4.11–6.69)
Age 65–74 years 2.59 (2.40–2.81) 2.17 (1.97–2.39) 3.45 (3.01–3.95)
Age ≥75 years 2.21 (2.07–2.36) 1.96 (1.78–2.15) 2.45 (2.24–2.69)
All ages 2.47 (2.36–2.59) 2.13 (2.01–2.26) 2.95 (2.75–3.17)
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remained diabetes-free throughout the follow-up period.
According to Harris et al. [39] the average time from onset
to diagnosis of type 2 diabetes has been estimated to be at
least 4 to 7 years. The follow-up period of our study was up
to 7 years, therefore all persons who were diagnosed in the
7 year follow-up period were excluded from the potential
comparison group and consequently most patients with
undiagnosed diabetes will have been excluded from the
comparison group. The comparison group may still contain
some patients with undiagnosed diabetes but their contri-
bution to the risk estimates for the comparison group is
likely to be minimal.

Various limitations to the data exist, which may leave the
risk estimates susceptible to some residual confounding.
Limitations to the data on duration of diabetes, BMI and
smoking have been described previously [31, 32]. Exten-
sive sensitivity analyses that tested the effect of including
and excluding patients with unknown smoking status or
BMI, as well as the effect of using status at baseline as
opposed to the index date, have also been reported
previously [32]. These analyses suggested that the impact
of residual confounding on the risk estimates for diabetes
and no diabetes will be minimal. In brief, the effect of the
unknown risk factor data may be to slightly overestimate
the reported risk attributed to diabetes. We have provided
the numbers with unknown data in Table 1. We believe that
to disregard these data completely could produce more
greatly overestimated risk estimates for diabetes. We may
have missed a small number of people who were treated
for hypertension before baseline and who did not have a
diagnosis of hypertension. To assess hypertension in all
those people with hypertensive treatment only would have
been impractical for this study. In addition, we believe the
numbers would have been small and would have had
little impact on our findings. We have not included mea-
sures of glycaemic control, because the follow-up period
was largely before laboratory standardisation of glycated
haemoglobin.

Conclusions

This study provides an estimate of the relative risk of MI
for the UK population by age and sex for patients with and
without type 2 diabetes. We have demonstrated that women
are at a much greater relative risk than men, even when that
risk is adjusted for the most influential risk factors. Given
the increasing epidemic of type 2 diabetes and the falling
average age at onset, plus the increased relative risk in the
younger age-groups and an attributable risk of diabetes of
some eleven MI cases per 1,000 person-years, the impact
on the economic burden of healthcare from diabetes will be
huge. Against this background, the results from this study

could be useful ways of reinforcing and informing clinical
decision-making especially in primary care.

Acknowledgements This study was funded by an unconditional
research grant from the British Heart Foundation. The authors’ work
was entirely independent of the funding body.

Duality of interest H. M. Colhoun has received speaker and
consultancy fees from Pfizer. All other authors declare that there is
no duality of interest associated with this manuscript.

Reference

1. Kannel WB, McGee DL (1979) Diabetes and cardiovascular
disease. The Framingham study. JAMA 241:2035–2038

2. Fuller JH, Shipley MJ, Rose G, Jarrett RJ, Keen H (1983) Mortality
from coronary heart disease and stroke in relation to degree of
glycaemia: theWhitehall study. BrMed J (Clin Res Ed) 287:867–870

3. Asia Pacific Cohort Studies Collaboration (2003) The effects of
diabetes on the risks of major cardiovascular diseases and death in
the Asia-Pacific Region. Diabetes Care 26:360–366

4. Stamler J, Vaccaro O, Neaton JD, Wentworth D (1993) Diabetes,
other risk factors, and 12-yr cardiovascular mortality for men
screened in the Multiple Risk Factor Intervention Trial. Diabetes
Care 16:434–444

5. Huxley R, Barzi F, Woodward M (2006) Excess risk of fatal
coronary heart disease associated with diabetes in men and
women: meta-analysis of 37 prospective cohort studies. BMJ
332:73–78

6. Lee WL, Cheung AM, Cape D, Zinman B (2000) Impact of
diabetes on coronary artery disease in women and men: a meta-
analysis of prospective studies. Diabetes Care 23:962–968

7. Kanaya AM, Grady D, Barrett-Connor E (2002) Explaining the
sex difference in coronary heart disease mortality among patients
with type 2 diabetes mellitus: a meta-analysis. Arch Intern Med
162:1737–1745

8. Orchard TJ (1996) The impact of gender and general risk factors
on the occurrence of atherosclerotic vascular disease in non-
insulin-dependent diabetes mellitus. Ann Med 28:323–333

9. Booth GL, Kapral MK, Fung K, Tu JV (2006) Relation between
age and cardiovascular disease in men and women with diabetes
compared with non-diabetic people: a population-based retrospec-
tive cohort study. Lancet 368:29–36

10. Barrett-Connor E, Wingard DL (1983) Sex differential in ischemic
heart disease mortality in diabetics: a prospective population-
based study. Am J Epidemiol 118:489–496

11. Jousilahti P, Vartiainen E, Tuomilehto J, Puska P (1999) Sex, age,
cardiovascular risk factors, and coronary heart disease: a prospec-
tive follow-up study of 14,786 middle-aged men and women in
Finland. Circulation 99:1165–1172

12. Niskanen L, Turpeinen A, Penttila I, Uusitupa MI (1998)
Hyperglycemia and compositional lipoprotein abnormalities as
predictors of cardiovascular mortality in type 2 diabetes: a 15-year
follow-up from the time of diagnosis. Diabetes Care 21:1861–1869

13. McAlpine RR, Morris AD, Emslie-Smith A, James P, Evans JM
(2005) The annual incidence of diabetic complications in a
population of patients with type 1 and type 2 diabetes. Diabet
Med 22:348–352

14. Laakso M, Ronnemaa T, Lehto S, Puukka P, Kallio V, Pyorala K
(1995) Does NIDDM increase the risk for coronary heart disease
similarly in both low- and high-risk populations? Diabetologia
38:487–493

1644 Diabetologia (2008) 51:1639–1645



15. Avogaro A, Giorda C, Maggini M et al (2007) Incidence of
coronary heart disease in type 2 diabetic men and women: impact
of microvascular complications, treatment, and geographic loca-
tion. Diabetes Care 30:1241–1247

16. Amos AF, McCarty DJ, Zimmet P (1997) The rising global
burden of diabetes and its complications: estimates and projec-
tions to the year 2010. Diabet Med 14(Suppl 5):S1–S85

17. King H, Aubert RE, Herman WH (1998) Global burden of
diabetes, 1995–2025: prevalence, numerical estimates, and pro-
jections. Diabetes Care 21:1414–1431

18. Hu J, Robbins G, Ugnat AM, Waters C (2005) Trends in mortality
from diabetes mellitus in Canada, 1986–2000. Chronic Dis Can
26:25–29

19. Coleman RL, Stevens RJ, Retnakaran R, Holman RR (2007)
Framingham, SCORE, and DECODE risk equations do not
provide reliable cardiovascular risk estimates in type 2 diabetes.
Diabetes Care 30:1292–1293

20. Yeo WW, Yeo KR (2001) Predicting CHD risk in patients with
diabetes mellitus. Diabet Med 18:341–344

21. Stevens RJ, Kothari V, Adler AI, Stratton IM, United Kingdom
Prospective Diabetes Study (2001) The UKPDS risk engine: a
model for the risk of coronary heart disease in Type II diabetes
(UKPDS 56). Clin Sci 101:671–679

22. Lawson DH, Sherman V, Hollowell J (1998) The General Practice
Research Database. Scientific and Ethical Advisory Group. QJM
91:445–452

23. Walley T, Mantgani A (1997) The UK General Practice Research
Database. Lancet 350:1097–1099

24. No authors listed (2000) Key Health Statistics from General Practice
1998, Series MB6 No. 2. 2000. Office for National Statistics, London

25. Lawrenson R, Todd JC, Leydon GM, Williams TJ, Farmer RD
(2000) Validation of the diagnosis of venous thromboembolism in
general practice database studies. Br J Clin Pharmacol 49:591–596

26. Hollowell J (1997) The General Practice Research Database:
quality of morbidity data. Popul Trends 87:36–40

27. Jick SS, Kaye JA, Vasilakis-Scaramozza C et al (2003) Validity of the
general practice research database. Pharmacotherapy 23:686–689

28. Wood L, Martinez C (2004) The general practice research
database: role in pharmacovigilance. Drug Safety 27:871–881

29. Garcia Rodriguez LA, Perez GS (1998) Use of the UK General
Practice Research Database for pharmacoepidemiology. Br J Clin
Pharmacol 45:419–425

30. Soedamah-Muthu SS, Fuller JH, Mulnier HE, Raleigh VS,
Lawrenson RA, Colhoun HM (2006) All-cause mortality rates in
patients with type 1 diabetes mellitus compared with a non-
diabetic population from the UK general practice research
database, 1992–1999. Diabetologia 49:660–666

31. Mulnier H, Seaman H, Raleigh V et al (2006) Mortality amongst
people with type 2 diabetes in the UK. Diabet Med 23:516–521

32. Mulnier HE, Seaman HE, Raleigh VS et al (2006) Risk of stroke
in people with type 2 diabetes in the UK: a study using the
General Practice Research Database. Diabetologia 49:2859–2865

33. Juutilainen A, Kortelainen S, Lehto S, Ronnemaa T, Pyorala K,
Laakso M (2004) Gender difference in the impact of type 2
diabetes on coronary heart disease risk. Diabetes Care 27:2898–
2904

34. Volmink JA, Newton JN, Hicks NR, Sleight P, Fowler GH, Neil
HAW (1998) Coronary event and case fatality rates in an English
population: results of the Oxford myocardial infarction incidence
study. Heart 80:40–44

35. Tunstall-Pedoe H, Kuulasmaa K, Mahonen M, Tolonen H,
Ruokokoski E (1999) Contribution of trends in survival and
coronary-event rates to changes in coronary heart disease
mortality: 10-year results from 37 WHO MONICA Project
populations. Lancet 353:1547–1557

36. British Cardiac Society, British Hypertension Society, Diabetes
UK, HEART UK, Primary Care Cardiovascular Society, Stroke
Association (2005) JBS 2: Joint British Societies’ guidelines on
prevention of cardiovascular disease in clinical practice. Heart 91
(Suppl 5):v1–v52

37. Department of Health (2001) National Service Framework for
Diabetes. HMSO, London

38. Department of Health (2000) National Service Framework for
Coronary Heart Disease: modern standards and service models.
HMSO, London

39. Harris MI, Klein R, Welborn TA, Knuiman MW (1992) Onset of
NIDDM occurs at least 4–7 yr before clinical diagnosis. Diabetes
Care 15:815–819

Diabetologia (2008) 51:1639–1645 1645


	Risk...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conclusions
	Reference




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


