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Abstract
Aims/hypothesis The aim of this study was to compare
10-year trends in admissions, with and without diabetes
recorded, for myocardial infarction, angina, stroke, percu-
taneous coronary interventions (PCI) and coronary artery
bypass graft (CABG).
Methods We used national hospital-activity data in England
collected between 1996 and 2005 and compared trends in
admissions, after adjusting for age, sex and area-level
deprivation.
Results Overall, there was a modest fall in the number of
admissions for angina and little change in the numbers of
admissions for myocardial infarction (MI) and stroke. From
1996/1997 to 2005/2006, the numbers of admissions with
diabetes recorded rose for each of MI, angina and stroke;
the proportion of admissions with type 2 diabetes recorded
rose from 7.2% to 13.9% for MI, from 6.7% to 15.3% for
angina and from 6.2% to 11.3% for stroke. Over the 10-year
period, after adjusting for age, sex and deprivation, the
number of admissions for CABG rose about threefold; for
PCI, the number of admissions with diabetes recorded rose
15-fold, compared with a fourfold increase in the number of
admissions with diabetes not recorded.
Conclusions/interpretation We found significant increases
in the numbers of admissions with type 2 diabetes recorded
for major cardiovascular events and procedures, which has
important financial and public-health implications. Better
prevention of type 2 diabetes in at-risk patients and

aggressive cardiovascular risk-factor management in cur-
rent patients with diabetes is needed.
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Abbreviations
CABG Coronary artery bypass graft
HES Hospital episode statistics (routine hospital

admissions dataset for England)
ICD-10 International Classification of Diseases, tenth

revision
MI Myocardial infarction
NHS National Health Service
PCI Percutaneous coronary intervention

Introduction

The incidence and prevalence of both type 1 and type 2
diabetes are increasing worldwide [1]. Macrovascular
complications of diabetes, which include stroke, transient
ischaemic attacks, myocardial infarction and angina, are
responsible for considerable morbidity and mortality for
people with diabetes. The risk of cardiovascular events in
people with diabetes is two to four times the risk in people
without diabetes [2]. The management of these complica-
tions places a substantial and growing burden on healthcare
systems [3].

There has been a reduction in mortality from cardiovas-
cular disease over the past 30 years in most developed
countries [4, 5] which can be partly attributed to improved
management of risk factors over this period [6, 7]. Whilst
recent studies from the US have shown reductions in
incident cardiovascular disease events among adults with
diabetes, these reductions have been much smaller than in
people without diabetes [8, 9]. As the number of new cases
of diabetes has increased markedly over recent years [6],
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the absolute burden of cardiovascular disease among people
with diabetes is likely to have increased substantially [10].

Trends showing a reduction in cardiovascular mortality
have also been reported in the UK [11], and this has
generally been attributed to a reduction of cardiovascular
risk factors [12, 13]. However, little is known about recent
UK trends in hospitalisations of people with and without
diabetes. Hospital admissions account for the majority of
the economic cost of cardiovascular disease—estimated at
76% of the total cost [11]. An evaluation of temporal
variation may be useful for future healthcare planning and
resource allocation. We investigated trends in major
cardiovascular events requiring hospital admission and
procedures between 1996 and 2005 using routine admis-
sions data from all National Health Service (NHS; public)
hospitals in England, comparing admissions with type 1 or
type 2 diabetes recorded and admissions without diabetes
recorded.

Methods

The study was carried out with Section 60 approval from
the Patient Information Advisory Group (PIAG) (to hold
confidential data and analyse them for research purposes)
and approval from St Mary’s Local Research Ethics
Committee. We examined hospital episode statistics (HES)
submitted between the financial years 1996–1997 and
2005–2006 for all NHS hospital trusts in England. The
dataset also included private patients treated in NHS
hospitals but not in private hospitals. The basic unit of the
database was the ‘consultant episode’, which covered the
period during which a patient was under the care of a given
consultant (an admission can comprise more than one
episode). By matching patient details and admission dates,
these were linked into admissions. If the patient was
transferred to another hospital, this was not counted as a
separate admission.

The International Classification of Diseases, tenth
revision (ICD-10) (http://www.who.int/classifications/icd/
en/), and the Office of Population, Censuses and Surveys
Classification of Surgical Operations and Procedures,
fourth revision (OPCS-4) codes were used to define
diagnoses and operations, respectively. HES now contains
14 diagnosis fields, of which the first is the primary, and 12
procedure fields, the first of which corresponds to the most
major procedure during the episode. HES has incorporated
ICD-10 diagnostic coding since 1995/1996.

Admissions were divided into three groups for analysis:
no diabetes, type 1 diabetes (ICD-10 E10, ‘IDDM’) and
type 2 diabetes (ICD-10 E11, ‘NIDDM’). Complications of
diabetes, considered as the primary diagnosis to be studied
with diabetes as the second or subsequent diagnosis, were

myocardial infarction (ICD-10 I21–I22), angina (ICD-10
I20) and stroke (ICD-10 I60–I64). Cardiovascular inter-
ventions studied were percutaneous coronary intervention
(PCI; OCPS-4 K49–K50) and coronary artery bypass graft
(CABG; OCPS-4 K40–K46). For inclusion in the dataset,
these OCPS-4 codes could be recorded in any procedure
field in any episode during the admission.

Socioeconomic deprivation quintiles were assigned
using the Carstairs index of deprivation [14]. Patients’
postcodes were mapped to an output area (with an average
of 1,500 people), which was then given a deprivation score
and assigned to quintiles of equal population nationally.

Admission data for the same patient were determined
using a combination of date of birth, sex and postcode as
these were the only identifiers available for all years of
data. We calculated the number of admissions per admitted
patient for each year and the number of different patients
admitted each year. To calculate death rates, each patient’s
final admission in the year was used as the denominator and
in-hospital deaths were identified using the method of
discharge field for the numerator.

Data analysis was performed using the Statistical
Package for the Social Sciences (SPSS) v14 and the R
statistical package (http://www.r-project.org/). Poisson re-
gression was used to model the number of admissions per
year, adjusting for age, sex, deprivation quintile and
diagnosis group. Logistic regression was used for deter-
mining trends in mortality rates.

Results

Over the 10-year study period, there were 834,378
admissions with myocardial infarction (728,309 without
diabetes; 17,397 with type 1 diabetes; 88,672 with type 2
diabetes), 1,104,170 with angina (968,045; 22,719;
113,406) and 888,408 with stroke (801,546; 11,993;
74,869). There were 383,593 PCIs (344,661; 6,266;
32,666) and 237,504 CABGs (206,115; 6,686; 24,703).
People admitted with type 1 diabetes were younger,
especially those admitted for stroke, compared with people
admitted without diabetes or with type 2 diabetes (Table 1).
People admitted with type 2 diabetes had a mean age
similar to those without diabetes. There were generally
lower proportions of men in the type 1 groups in 1995/
1996, though the proportions had risen noticeably by 2005/
2006. A higher proportion of admissions of people with
type 1 and type 2 diabetes recorded were assigned to areas
in the most deprived quintile compared with those admitted
without diabetes recorded.

Of all admissions for myocardial infarction in 1996/
1997, 7.2% had type 2 diabetes recorded, rising to 13.9% in
2005/2006. Similarly, the proportion with type 2 diabetes
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admitted for angina increased from 6.7% in 1996/1997 to
15.3% in 2005/2006, and for stroke the proportion
increased from 6.2% to 11.3% over the same period. By
contrast, the proportion of all patients admitted with type 1
diabetes recorded showed a general downward trend except
for a slight increase at the start of the period. Figure 1
shows the number of admissions for myocardial infarction,
angina, stroke, percutaneous coronary interventions and
coronary artery bypass grafting in the years 1995/1996–
2005/2006 by recorded diabetes status. Admissions per
year are shown relative to 1996 totals and on a log scale so
that upward and downward trends are given equal impor-
tance (relative risks are not symmetrical about 1).

There was nearly a fourfold increase in total PCIs over
the 10 year study period. People with type 2 diabetes

accounted for 4.6% of these procedures in 1996/1997,
rising to 11.8% in 2005/2006. Total CABG operation
numbers remained static, but the percentage accounted for
by people with type 2 diabetes increased from 6.2% in
1996/1997 to 15.8% in 2005/2006. The numbers of patients
with type 1 diabetes undergoing CABG showed only a
modest increase between 1996/1997 and 2005/2006.

After adjusting for age, sex and deprivation quintile, a
small but significant trend showing a modest decline in the
number of cardiovascular events without diabetes recorded
was seen, with a rise in the number of PCIs performed and
slight reduction in the number of CABG operations
performed (Table 2). The number of admissions with type
1 diabetes recorded showed a similar trend, but with a non-
significant increase in the number of CABG operations and

Table 1 Demographic data from 1996/1997 and 2005/2006 for admissions for MI, angina, stroke, PCI and CABG

Condition 1996/1997 2005/2006

No diabetes Type 1 Type 2 No diabetes Type 1 Type 2

MI
Number of admissions 74,225 1,515 5,861 78,604 1,160 12,824
Number of patients (ratio of admissions
to admitted patients)

67,953 (1.09) 1,384 (1.09) 5,382 (1.09) 60,600 (1.30) 930 (1.25) 10,279 (1.25)

Age, years (IQR) 69.8 (60–78) 67.2 (60–75) 69.6 (62–78) 69.5 (59–80) 66.7 (57–77) 71.7 (64–81)
Sex: proportion of men (%) 64.3 54.0 60.9 64.9 62.2 61.2
Proportion in most deprived quintile (%) 21.9 24.8 26.5 18.8 24.6 26.2

Angina
Number of admissions 97,023 2,025 7,095 83,434 1,387 15,302
Number of patients (ratio of admissions
to admitted patients)

77,409 (1.25) 1,605 (1.26) 5,604 (1.27) 68,363 (1.22) 1,096 (1.27) 12,382 (1.24)

Age, years (IQR) 66.3 (57–75) 64.1 (57–72) 67.5 (60–75) 67.4 (58–78) 64.2 (56–73) 68.2 (60–77)
Sex: proportion of men (%) 60.3 53.3 60.4 57.7 58.7 60.1
Proportion in most deprived quintile (%) 25.7 30.1 32.3 23.3 32.9 31.5

Stroke
Number of admissions 77,005 1,212 5,130 79,446 781 10,221
Number of patients (ratio of admissions
to admitted patients)

69,385 (1.11) 1,126 (1.08) 4,811 (1.07) 68,714 (1.16) 696 (1.12) 9,149 (1.12)

Age, years (IQR) 80.6 (67–83) 69.3 (62–78) 73.9 (67–82) 83.9 (66–84) 69.1 (61–79) 74.7 (68–82)
Sex: proportion of men (%) 45.8 49.3 51.1 46.6 55.6 51.9
Proportion in most deprived quintile (%) 22.2 26.0 26.7 19.1 24.7 24.9

PCI
Number of procedures 10,574 126 461 34,730 607 5,268
Number of patients (ratio of procedures
to admitted patients)

9,927 (1.07) 111 (1.14) 432 (1.07) 33,290 (1.04) 557 (1.09) 4,928 (1.07)

Age, years (IQR) 61.5 (53–68) 59.3 (52–67) 63.1 (57–70) 63.9 (56–72) 61.8 (54–71) 64.6 (58–72)
Sex: proportion of men (%) 73.8 58.3 70.3 74.1 67.7 69.9
Proportion in most deprived quintile (%) 20.5 23.6 25.8 19.3 27.8 30.0

CABG
Number of procedures 17,155 312 1,182 16,175 523 3,168
Number of patients (ratio of procedures
to admitted patients)

17,082 (1.00) 308 (1.01) 1,175 (1.01) 16,108 (1.00) 523 (1.00) 3,145 (1.01)

Age, years (IQR) 63.3 (57–69) 60.3 (55–67) 62.8 (58–69) 67.6 (60–74) 63.4 (57–71) 66.5 (61–73)
Sex: proportion of men (%) 79.0 68.7 77.7 78.9 72.3 76.4
Proportion in most deprived quintile (%) 19.5 24.5 24.7 16.2 23.6 23.3

IQR interquartile range
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a smaller increase in PCIs relative to those without diabetes.
Trends for type 1 diabetes were not as well described by a
simple linear pattern as trends for the other two groups (i.e.
no diabetes recorded and type 2 diabetes recorded). By
contrast, the proportions of all patients with cardiovascular
events and procedures who had type 2 diabetes recorded
showed significant increases, particularly for PCI where there
was a 30% increase per annum (p<0.001). The estimates
were little changed by counting admitted patients rather than
number of admissions (values in brackets in Table 2).

There has been a trend of increasing admissions per
admitted patient for MI for all three groups, from 1.09 in
1996/1997 to 1.25 for people with diabetes and 1.30 for
people without diabetes in 2005/2006. The rise for stroke,
from 1.07 to 1.12 for people with type 2 diabetes and from
1.11 to 1.16 for people without diabetes, was much more
modest; angina showed a slight reduction in admissions.
Ratios for CABG showed no change (1.00 or 1.01
throughout) and for PCIs there was a slight reduction from
1.07 to 1.04 for people without diabetes and non-significant
decreases for people with type 1 or type 2 diabetes.

Table 3 shows the odds ratios for mortality in people
with type 1 and type 2 by event or procedure relative to
people without diabetes in 1996/1997 and 2005/2006 (the
denominators are numbers of patients admitted in each
year). Death rates fell for all three groups during the 10-
year period for MI, stroke and CABG. The odds ratios were
higher for people with type 1 and type 2 diabetes for MI
and angina at both ends of the study period, and for stroke
and PCI in 2005/2006. The most noticeable change
between 1996/1997 and 2005/2006 was for people with
type 1 diabetes admitted for angina, with a doubling in the
odds ratio. In general, however, there was little difference in
the death rates for people with and without diabetes at the
start compared with the end of the study period.

Conclusion

The findings of this national study have important public-
health consequences. We found different trends over the
last 10 years in admissions with and without type 2 diabetes
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Fig. 1 Hospital admissions and procedures by diagnosis in the period
1995/1996 to 2005/2006 relative to 1995/1996: (a) myocardial
infarction, (b) angina, (c) stroke, (d) percutaneous coronary inter-

ventions, (e) coronary artery bypass graft. Continuous line, no
diabetes; dotted line, type 1 diabetes; dashed line, type 2 diabetes
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recorded. Admissions with type 1 diabetes showed similar
trends to admissions without diabetes. Whereas the numb-
ers of admissions without diabetes have shown little change
or slight falls in myocardial infarction, angina, stroke and
CABG procedures, the numbers of admissions with type 2
diabetes have seen yearly rises of between 8% and 12%.
This is due partly to people being admitted more often: all
three groups have seen rises of approximately 15% over the
10 years in the number of admissions per admitted patient
for myocardial infarction. We also found a significant
increase in numbers of PCI procedures in all patients;
however, the trend is substantially greater with a 30%
annual increase in PCI procedures in those with type 2
diabetes recorded. The decline in mortality in people with
diabetes may explain some of the increased numbers of
admissions for cardiovascular disease and procedures with
type 2 diabetes recorded. This is likely to be a major factor
contributing to the substantial increase in the proportion of
admissions with cardiovascular disease in our study.

We found a reduction in the number of hospital admissions
from around 1999 to 2000 for people with type 1 diabetes.
This decline may have been due to the introduction of a new
diagnostic classification of diabetes in 1999 when the terms
type 1 and type 2 diabetes were re-introduced [15]. It may
also reflect a smaller increase in the prevalence of type 1
diabetes compared with type 2 diabetes.

The mortality rate and rates of stroke and further infarcts
following a myocardial infarction fell in many countries
between 1999 and 2006 [8]. We also found that the mortality
rates following MI and stroke decreased over the 10 years

of this study. Data from the Health Survey for England
(http://www.ic.nhs.uk/statistics-and-data-collections/health-
and-lifestyles/health-survey-for-england/health-survey-for-
england-2004-updating-of-trend-tables-to-include-2004-data)
show an increase in overall diabetes prevalence from 2.9%
in 1998 to 4.3% in 2003 for men and rises from 1.9% to
3.4% in women over the same period. If we assume a linear
trend, then the estimated rise between 1995/1996 and 2005/
2006 is from 2.3% to 4.9% in men (a rate ratio of 2.1) and
from 1.6% to 4.0% in women (a rate ratio of 2.5). By
comparison, the numbers of admissions for the three
diagnoses examined in our study increased by between
2.0 and 2.2 times; revascularisations increased by 2.6 times
for CABG and 8.6 times for PCI.

Increasing PCI numbers, seen in all groups, reflect the
wider availability of this procedure and the trend for earlier
intervention in patients with coronary heart disease. Earlier
diagnosis of coronary heart disease coupled with more
advanced medical management and greater use of PCI
helps to explain the fall of CABG surgery in the non-
diabetic population. The very large increase in PCI numbers
with type 2 diabetes recorded probably reflects the more
advanced atherosclerotic coronary disease profile of these
patients. People with diabetes undergoing PCIs are known
to have significantly more disease progression and are more
likely to experience the need for repeated revascularisation
[16]. While PCI use has increased in people without
diabetes, the number of CABG operations performed has
risen greatly in people with type 2 diabetes. The disparity
between the numbers of people undergoing CABG with

Table 2 Change in numbers of admissions/procedures per year, adjusted for age, sex and quintile of deprivation relative to 1996/1997 numbers

Condition

MI Angina Stroke PCI CABG

No diabetes
Change per year relative to 1996/1997 1.007 (0.989) 0.979 (0.982) 0.999 (0.996) 1.150 (1.154) 0.994 (1.000)
95% CI 1.001–1.014 0.973–0.984 0.995–1.005 1.142–1.159 0.989–0.999
Change in 10 years relative to 1996/1997 1.08 (0.90) 0.81 (0.83) 1.00 (0.96) 4.06 (4.20) 0.94 (1.00)
p value 0.04 <0.001 0.92 <0.001 0.035

Type 1 diabetes
Change per year relative to 1996/1997 0.969 (0.957) 0.954 (0.958) 0.951 (0.949) 1.133 (1.150) 1.030 (1.041)
95% CI 0.962–0.978 0.947–0.963 0.944–0.960 1.118–1.148 1.020–1.041
Change in 10 years relative to 1996/1997 0.73 (0.65) 0.63 (0.65) 0.61 (0.59) 3.48 (4.06) 1.35 (1.50)
p value <0.001 <0.001 <0.001 <0.001 <0.001

Type 2 diabetes
Change per year relative to 1996/1997 1.099 (1.082) 1.085 (1.090) 1.076 (1.071) 1.309 (1.316) 1.115 (1.120)
95% CI 1.092–1.107 1.079–1.091 1.07–1.082 1.298–1.321 1.107–1.123
Change in 10 years relative to 1996/1997 2.58 (2.21) 2.26 (2.36) 2.08 (1.99) 14.76 (15.64) 2.96 (3.10)
p value <0.001 <0.001 <0.001 <0.001 <0.001

Values are change in numbers of admissions/procedures with change in numbers of admitted patients in parentheses
The change in 10 years is derived by raising the change per year to the tenth power and assumes a linear trend; this assumption is not well met for
type 1 diabetes
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and without diabetes may be because people with diabetes
are more likely to have left-main-stem or triple-vessel
coronary disease, both of which are indications for CABG
surgery [17, 18].

Although the use of preventative measures in people at
risk of cardiovascular disease has increased substantially
over recent years, these measures are not always used in
people at high risk [19]. The importance of diabetes as a
major cardiovascular-disease risk factor has, however,
become more widely known and this may have led to an
increased recording of diabetes in hospital episodes. This,
in turn, would have contributed to the increase in the
proportion of cardiovascular events in patients coded as
having diabetes. In this study we have assumed that the
changes in admissions by diabetes status are not simply a
reflection of temporal changes in diagnostic coding.
Although criticisms have been levelled at HES data in the
past because of the perceived inaccuracy of coding [20, 21],
a systematic review of discharge coding rated its accuracy
as high, particularly for operations and procedures [22].
With the more common diagnoses and procedures, coding
inaccuracies are likely to be minimised [23]. It is also
possible that some patients have been misclassified as
having type 1 rather than type 2 diabetes prior to
introduction of the new classification of diabetes. Such
‘diagnostic transfer’, which can be due to clinical or

administrative reasons, is unlikely to have had a significant
impact on the results of this study.

With the advent of troponin testing, the diagnosis of
myocardial infarction changed during the study period.
While this may have caused an increase in diagnosed
events, particularly in people with diabetes because of the
higher risk of ‘silent’ myocardial infarctions, it is unlikely
to fully explain the differences seen. Limitations also
surround the diagnosis of ‘angina’. Unfortunately, data on
ethnic differences are missing because ethnicity is poorly
coded (missing in approximately 30–40% of HES data).

We found significant upward trends for type 2 diabetes
in the absolute numbers and proportion of the total number
of admissions for cardiovascular events. To reduce the
burden of disease there is a need for prevention of type 2
diabetes in high-risk groups and aggressive cardiovascular-
risk-factor management in patients with existing type 2
diabetes.
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Table 3 Deaths and odds ratios by diabetes status for admitted patients (rather than total admissions) in 1996/1997 and 2005/2006, adjusted for
age, sex and quintile of deprivation

Diabetes status 1996/1997 2005/2006

Deaths (n) Death rate (%) OR (95% CI) p value Deaths Death rate (%) OR (95% CI) p value

MI
No diabetes 12,926 19.0 1 8,297 13.7 1
Type 1 DM 354 25.6 1.69 (1.49–1.93) <0.001 163 17.5 1.72 (1.44–2.06) <0.001
Type 2 DM 1,183 22.0 1.17 (1.09–1.26) <0.001 1,652 16.1 1.13 (1.06–1.20) <0.001

Angina
No diabetes 1,031 1.3 1 945 1.4 1
Type 1 DM 20 1.3 1.15 (0.74–1.80) 0.534 23 2.1 2.28 (1.49–3.48) <0.001
Type 2 DM 104 1.9 1.37 (1.11–1.68) 0.003 207 1.7 1.28 (1.10–1.49) 0.002

Stroke
No diabetes 25,683 37.0 1 19,028 27.7 1
Type 1 DM 382 33.9 1.09 (0.96–1.24) 0.194 177 25.4 1.16 (0.97–1.39) 0.095
Type 2 DM 1,697 35.3 0.97 (0.92–1.04) 0.424 2,588 28.3 1.10 (1.04–1.15) <0.001

PCI
No diabetes 103 1.0 1 195 0.6 1
Type 1 DM 2 1.8 2.08 (0.50–8.63) 0.313 7 1.3 2.29 (1.07–4.91) 0.034
Type 2 DM 4 0.9 0.75 (0.27–2.06) 0.575 44 0.9 1.42 (1.02–1.97) 0.040

CABG
No diabetes 577 3.4 1 383 2.4 1
Type 1 DM 11 3.6 1.15 (0.62–2.12) 0.656 16 3.1 1.52 (0.91–2.54) 0.110
Type 2 DM 33 2.8 0.83 (0.58–1.19) 0.307 64 2.0 0.89 (0.68–1.16) 0.379

All in-hospital deaths are shown for the diagnosis groups and in-hospital deaths within 30 days of the procedure are shown for PCI and CABG
Death-rate denominators are numbers of patients admitted in the year, not total admissions
DM diabetes mellitus
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