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OBJECTIVE It is unclear whether people with and without diabetes equally benefitted from
reductions in cardiovascular disease (CVD). We aimed to compare recent trends in hospital
admission rates for angina, acute myocardial infarction (AMI), stroke, percutaneous coronary
intervention (PCI), and coronary artery bypass graft (CABG) among people with and without
diabetes in England.

RESEARCH DESIGN AND METHODS Ve identified all patients aged >16 years with
cardiovascular events in England between 2004-2005 and 2009-2010 using national hospital
activity data. Diabetes- and nondiabetes-specific rates were calculated for each year. To test for
time trend, we fitted Poisson regression models.

RESULTS —In people with diabetes, admission rates for angina, AMI, and CABG decreased
significantly by 5% (rate ratio 0.95 [95% CI 0.94-0.96]), 5% (0.95 [0.93-0.97]), and 3% (0.97
[0.95-0.98]) per year, respectively. Admission rates for stroke did not significantly change (0.99
[0.98-1.004]) but increased for PCI (1.01 [1.005-1.03]) in people with diabetes. People with
and without diabetes experienced similar proportional changes for all outcomes, with no sig-
nificant differences in trends between these groups. However, diabetes was associated with an
~3.5- to 5-fold risk of CVD events. In-hospital mortality rates declined for AMI and stroke,
remained unchanged for CABG, and increased for PCI admissions in both groups.

CONCLUSIONS —This national study suggests similar changes in admissions for CVD in
people with and without diabetes. Aggressive risk reduction is needed to further reduce the high
absolute and relative risk of CVD still present in people with diabetes.

Diabetes Care 35:265-272, 2012

cardiovascular disease (CVD) have

declined markedly during the last
several decades in the UK. and other
Western societies (1-3). Advances in un-
derstanding and control of major cardio-
vascular risk factors and medical care of
CVD have contributed to these reductions
(4). However, although previous reports
from different populations and study set-
tings have emphasized favorable trends in
adults without diabetes, conflicting find-
ings were reported in people with diabetes.

The incidence and mortality from

Some data indicate similar reductions in
CVD rates in these groups, whereas other
data report that adults with diabetes had
lower declines in their CVD event rates
compared with the improvement experi-
enced by people without diabetes (5-8).
Some studies found no evidence that peo-
ple with diabetes, particularly women,
benefited from the reductions in CVD in-
cidence (7,9). In the U.K., the consider-
able recent increases in obesity and
diabetes, particularly among young and
middle-aged adults, could increase CVD
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rates (10). A study showed increased cor-
onary heart disease (CHD) mortality rates
in young men in 2002 in England and
Wales and explained this finding by ad-
verse trends in CHD risk factors (11).

As part of a national strategy to re-
duce CVD mortality, a number of quality-
improvement initiatives were introduced
in the UK. health system during the last
decade, with a major emphasis on second-
ary prevention (12-14). However, there are
no data available on whether these reforms
have had a significant effect on the clinical
outcomes of diabetes, such as cardiovascu-
lar events.

Although CVD remains the leading
cause of death and hospitalization for CVD
is one of the main users of health resour-
ces, data on recent national trends in CVD
among people with and without diabetes
in England are lacking. The objective of
this study was to describe the trends in the
rate of major cardiovascular events re-
quiring hospital admission (myocardial
infarction [MI], angina, and stroke) and
cardiovascular interventions (percutane-
ous coronary intervention [PCI] and cor-
onary artery bypass graft [CABG]) among
people with and without diabetes between
2004 and 2009 in England. We also aimed
to describe the relative risk of these events
in people with diabetes.

RESEARCH DESIGN AND

METHODS —We examined an extract
of Hospital Episode Statistics data between
the financial years 20042005 and 2009—
2010 for all National Health Service
(NHS) hospital trusts in England. The
dataset covers all inpatient hospital activity
and day case admissions to NHS (public)
hospitals across England, including pri-
vate patients treated in NHS hospitals.
Data extracted for each hospital admission
included patient demographics (age and
sex), in-hospital mortality, length of hos-
pital stay (LOS), principal diagnosis, and
up to 13 secondary diagnoses coded using
the ICD-10. Interventions were defined
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using the Office of Population Censuses
and Surveys’ Classification of Surgical Op-
erations (OPCS4) codes in up to 12 pro-
cedure fields. Diabetes status was based on
type 1 or type 2 diabetes, ICD-10 codes E10
and E11, recorded in any diagnosis field.
Cardiovascular complications, iden-
tified as the principal or primary diagno-
sis on admission, were acute MI (AMI,;
ICD-10 121 and 122), angina (ICD-10
120), and stroke (ICD-10 160-164). Car-
diovascular interventions were identified
using procedure codes for PCI (OPCS4
K49, K50, and K75) or CABG (OPCS4
K40-K46) in any procedure field. We
used a combination of date of birth, sex,
and full postcode to distinguish patients.
To assess comorbidity in the popula-
tion, the Charlson Comorbidity Index was
used, derived from ICD-10 diagnoses
(15). The index is based on a number of
medical conditions, each with original
weights ranging from 1 to 6; we derived
England-specific weights ranging from
—1 to +18. Higher scores represent a
greater burden of comorbidity.
Admission rates in people with di-
abetes were calculated for each year using
the total number of admissions for CVD
as the numerator and the total number of
people with diabetes in England as the
denominator. Data on the number of
people aged >16 years who were diag-
nosed with diabetes in England were ob-
tained from the Quality Management and
Analysis System (QMAS) for each study
year (14). The QMAS is the financial da-
tabase for the Quality and Outcomes
Framework (QOF) and contains diabetes
counts and prevalence data for virtually
all (>99%) general practices in England.
Because the QMAS does not hold infor-
mation on the age and sex distribution of
the population with diabetes, we obtained
this information from the Health Survey
for England 2006 (10). When calculating
age- and sex-specific rates, we assumed
that the age and sex distribution of the
population with diabetes remained con-
stant between 2004 and 2009 (10). For
2004-2005 and 2005-2006, when diabe-
tes figures were available for the total pop-
ulation, we calculated diabetes prevalence
for patients aged >16 years for both
years, using the age- and sex-standardized
diabetes prevalence in children and
young adults (16). This enabled us to cal-
culate age- and sex-specific admission
rates for each event and intervention for
each year during the study period. The
estimated resident population of England
was used to calculate the admission rate of

CVD events in people without diabetes
for each year (17). The number of people
with diabetes was deducted from each
corresponding age and sex stratum of
the total population. Therefore, the denom-
inator for people without diabetes did not
include the total population (both people
with and without diabetes), only the num-
ber of people without diabetes. Rates were
expressed per 100,000 people with or
without diabetes.

To test time trends in CVD rates, we
fitted separate Poisson regression models
for patients with and without diabetes,
using age, sex, and year as independent
variables. Interactions between sex and
year and between age and year were tested,
and Poisson models were fitted for sex and
age subgroups if P < 0.05 for the interac-
tions. We estimated the risk of a person
with diabetes being admitted to the hospi-
tal for CVD compared with a person with-
out diabetes. Statistical analyses were
performed using Stata (College Station,
TX).

RESULTS —Between 2004 and 2009,
519,433 admissions for angina (100,978
[19.4%] with diabetes), 430,356 for AMI
(80,578 [18.7%] with diabetes), and
466,650 for stroke (70,081 [15.0%] with
diabetes) were identified. There were
353,205 PCIs (59,238 [16.8%] with di-
abetes) and 133,676 CABGs (29,571
[22.1%] with diabetes). Table 1 shows
the absolute number of admissions and
characteristics of people admitted for
CVD by recorded diabetes status in 2004
and 2009. In people with diabetes, a
larger number of admissions for cardio-
vascular interventions and stroke were re-
corded in 2009 compared with 2004, and
the number of admissions for angina and
AMI were comparable in 2004 and 2009.
By contrast, the number of admissions for
angina, AMI, and CABG decreased in peo-
ple without diabetes, whereas there was an
increase in PCls and an unchanged number
of stroke admissions.

There was a considerable male excess
of CVD admissions overall in both groups,
except for stroke, among people without
diabetes (Table 1). This male predomi-
nance was most pronounced for cardio-
vascular interventions in both individuals
with and without diabetes. Most CVD
events occurred in individuals aged =65
years, with a significantly higher propor-
tion in people with diabetes (P < 0.001 for
all), except for CABG (P = 0.17). In 2009,
the median LOS was significantly lower for
all admissions in both groups compared

with 2004. However, the size of this de-
crease was small for cardiovascular proce-
dures. The mean Charlson Comorbidity
Index score was significantly higher in
2009 in both groups for all admissions
compared with 2004 (Table 1).

In-hospital mortality rates

Changes in in-hospital mortality rates
showed similar patterns in people with
and without diabetes, with a significant
decline for AMI and stroke, increased rates
for PCI, and unchanged rates for CABG
admissions (Table 1). For angina admis-
sions, there was a significant decline in
mortality rates in people without diabetes,
whereas rates in patients with diabetes did
not significantly change.

Changes in admission rates
Between 2004 and 2009, admission rates
for angina, AMI, and CABG decreased
significantly in people with diabetes in
England, with rate ratios of 0.95 (95% CI
0.94-0.96), 0.95 (0.93-0.97), and 0.97
(0.95-0.98) (P < 0.001 for all) per year,
respectively (i.e., decreases of 5, 5, and
3% annually) (Table 2). PCI rates in peo-
ple with diabetes increased significantly,
and the incidence of stroke did not signif-
icantly change. Over the study period,
people without diabetes experienced sim-
ilar proportional changes for all CVD out-
comes as those with diabetes, with no
statistically significant differences in
trends between these groups (Table 2).
The trend in stroke admissions in
individuals with diabetes varied by sex,
but this was not evident for other outcomes
(Fig. 1A). In women with diabetes, there
was a significant decline in admissions for
stroke (rate ratio 0.99 per year [95% CI
0.97-0.99]; P = 0.005), whereas there
was a nonsignificant increase in rates in
men (1.00 per year [0.99-1.01]; P = 0.47).
When examining trends across dif-
ferent age-groups, significant variations
were found in people with diabetes for
angina admissions and PCI (Fig. 1B).
With regard to angina, a similar but more
pronounced decline was seen among older
subjects with diabetes (aged =65 years:
0.91 per year [95% CI 0.89-0.93]; P <
0.001) compared with those aged 17-44
years and 45—64 years (0.95 per year for
both [0.94-0.96]; P < 0.001). For PCI,
rates increased in older individuals with
diabetes (aged =65 years: 1.04 per year
[1.02-1.05]; P < 0.001), whereas there
was a significant decline in younger pa-
tients (aged 17—44 years: 0.97 [0.94—
0.98]; P = 0.001), and rates remained
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Table 1—Characteristics of people with and without diabetes affected by CVD between 2004 and 2009 in England

Diabetes No diabetes
Outcome 2004-2005 2009-2010 P 2004-2005 2009-2010 P
Angina
Number of events 16,368 16,405 — 79,250 59,585 —
Number of patients 13,722 14,127 — 68,555 52,367 —
Sex (male) [n (%)] 9,735 (59.5) 9,996 (60.9) 0.007* 45,605 (57.5) 34,202 (57.4) 0.591*
Age (years) [mean (SD)] 67.6 (11.8) 68.6 (12.2) <0.001% 67.4 (13.4) 67.9 (14.0) <0.0017%
Aged 45-64 years [n (%)] 5,632 (34.4) 5,453 (33.2) 27,961 (35.3) 20,753 (34.8)
Aged =65 years [n (%)] 10,196 (62.3) 10,480 (63.9) 0.003* 47,216 (59.6) 35,680 (59.9) 0.136%*
Median LOS [days (interquartile range)] 3 (1-7) 2 (1-5) <0.001% 2 (1-5) 1 (0-4) <0.001%
Number of deaths (death rate %) 232 (1.7) 227 (1.6) 0.583* 843 (1.2) 574 (1.1) 0.032*
Charlson score [mean (SD)] 7.3 (6.3) 9.1(7.4) <0.0001% 3.0(5.2) 4.2 (6.1) <0.0001%
AMI
Number of events 13,314 13,419 — 63,004 52,825 —
Number of patients 12,293 12,476 — 59,412 50,494 —
Sex (male) [n (%)] 8,191 (61.5) 8,288 (61.8) 0.688* 39,649 (62.9) 33,756 (63.9) <0.001*
Age (years) [mean (interquartile range)] 71.3(11.9) 71.7 (12.4) 0.007% 70.3 (14.0) 69.9 (14.6) <0.001%
Aged 45-64 years [n (%)] 3,142 (23.6) 3,242 (24.2) 17,948 (28.5) 16,388 (31.0)
Aged =65 years [n (%)] 9,866 (74.1) 9,868 (73.5) 0.557*% 42,304 (67.1) 33,997 (64.4) <0.001%*
Median LOS [days (interquartile range)] 7 (5-13) 6 (3-11) <0.001% 6 (4-11) 5 (3-8) <0.001%
Number of deaths (death rate %) 1,937 (15.8) 1,526 (12.2) <0.001* 8,588 (14.4) 5,015 (9.9) <0.001*
Charlson score [mean (SD)] 9.1 (8.0) 11.0 (9.2) <0.0001% 4.0 (6.8) 5.1 (7.7) <0.0001%
PCI
Number of events 7,671 11,810 — 42,034 53,260 =
Number of patients 7,245 10,851 — 40,192 49,881 —
Sex (male) [n (%)] 5,326 (69.4) 8,399 (71.1) 0.01* 31,008 (73.8) 39,700 (74.5) 0.007*
Age (years) [mean (interquartile range)] 63.8 (10.3) 65.6 (11.1) <0.001% 62.9 (11.0) 64.1 (12.0) <0.001f%
Aged 45-64 years [n (%)] 3,415 (44.5) 4,837 (41.0) 20,289 (48.3) 24,194 (45.4)
Aged =65 years [n (%)] 3,934 (51.3) 6,567 (55.6) <0.001* 19,430 (46.2) 26,205 (49.2) <0.001*
Median LOS [days (interquartile range)] 2 (1-5) 2 (1-4) <0.001% 2 (1-4) 2 (1-4) <0.001%
Number of deaths (death rate %) 106 (1.5) 214 (2.0) 0.011* 358 (0.9) 748 (1.5) <0.001*
Charlson score [mean (SD)] 6.0 (5.1) 7.7 (6.5) <0.0001% 2.1#4.1) 3.3(5.2) <0.0001%
CABG
Number of events 4,696 4,956 — 18,674 15,749 —
Number of patients 4,668 4916 — 18,590 15,686 —
Sex (male) [n (%)] 3,651 (77.7) 3,851 (77.7) 0.965* 14,774 (79.1) 12,560 (79.8) 0.07*
Age (years) [mean (interquartile range)] 65.7 (60-72) 67.1 (61-74) <0.001% 66.2 (60-73) 67.7 (61-75) <0.00171
Aged 45-64 years [n (%)] 1,843 (39.2) 1,741 (35.1) 6,992 (37.4) 5,310 (33.7)
Aged =65 years [n (%)] 2,784 (59.3) 3,132 (63.2) <0.001* 11,316 (60.6) 10,122 (64.3) <0.001*
Median LOS [days (interquartile range)] 9 (7-16) 9 (7-15) <0.001% 9 (7-13) 9 (7-14) 0.049%
Number of deaths (death rate %) 154 (3.3) 137 (2.8) 0.144* 570 (3.1) 492 (3.1) 0.708*
Charlson score [mean (SD)] 7.2 (6.3) 9.0 (7.5) <0.0001% 3.3(5.6) 4.9 (6.7) <0.0001%
Stroke
Number of events 10,562 13,519 = 67,232 66,490 =
Number of patients 10,078 12,874 — 64,128 63,491 —
Sex (male) [n (%)] 5,419 (51.3) 7,267 (53.7) <0.001* 30,926 (46.0) 31,450 (47.3) <0.001*
Age (years) [mean (interquartile range)] 74.1 (68-82) 74.1 (67-82) <0.001% 74.3 (67-84) 74.0 (66-85) <<0.001ft
Aged 45-64 years [n (%)] 1,772 (16.8) 2,453 (18.1) 11,656 (17.3) 12,441 (18.7)
Aged =65 years [n (%)] 8,640 (81.8) 10,855 (80.2) 0.005* 52,623 (78.3) 51,062 (76.8) <0.001%*
Median LOS [days (interquartile range)] 14 (6-33) 9(#-21) <0.001%f 11 (4-29) 8 (3-21) <0.001%
Number of deaths (death rate %) 2,781 (27.6) 2,729 (21.2) <0.001* 19,041 (29.7) 14,022 22.1) <0.001%*
Charlson score [mean (SD)] 7.3(6.8) 9.7 (8.4) <0.0001% 3.5(6.2) 5.3(7.5) <0.0001%

*Xz test. TStudent ¢ test. $Mann-Whitney U test.

unchanged for those aged 45-64 years
(1.004 [0.99-1.02]; P = 0.60). Trends in
rates in people without diabetes did not
vary by age (not shown).

Relative risk

People with diabetes were approxi-
mately five times more likely to be ad-
mitted for angina, AMI, and CABG; four

times more likely to undergo a PCI; and
three and a half times more likely to be
admitted for a stroke than those without
diabetes (Table 3). These figures did not
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Table 2—Rates of hospital admissions for CVD events and interventions in people with and without diabetes for each year between

2004 and 2009 in England

Rates* Change in rates
P value for diabetes

Outcome 2004 2005 2006 2007 2008 2009 Rate ratio vs. no diabetest
Angina

Diabetes 929.7 883.7 858.0 821.4 793.6 701.4 0.95 (0.94-0.96)§

No diabetes 205.5 1933 185.0 170.7 164.4 149.8 0.94 (0.92-0.96)§ 0.64
AMI

Diabetes 7554 697.8 680.5 638.7 632.1 573.7 0.95 (0.93-0.97)§

No diabetes 163.4 154.9 153.4 146.5 142.0 132.8 0.96 (0.93-0.99)| 0.75
PCI

Diabetes 436.0 480.7 502.6 476.7 491.8 504.9 1.02 (1.005-1.03)9

No diabetes 109.0 118.6 130.8 126.5 130.6 133.9 1.03 (1.01-1.05)§ 0.69
CABG

Diabetes 266.2 240.6 250.0 245.9 241.0 211.9 0.97 (0.95-0.98)§

No diabetes 48.4 43.4 43.8 46.0 44 4 39.6 0.97 (0.95-0.99)|| 0.84
Stroke

Diabetes 598.8 570.8 566.1 548.7 571.2 578.7 0.99 (0.98-1.004)

No diabetes 1743 167.2 170.0 163.5 169.2 167.6 0.99 (0.97-1.01) 0.95

*Rates are expressed as per 100,000 people with diabetes (diabetic group) or per 100,000 people without diabetes (no diabetes group). fRate ratios are based on
Poisson regression analyses adjusted for age, sex, and year. £P value is based on the interaction between diabetes status and year from Poisson regression models. §P <

0.001. |P < 0.05. 9P < 0.01.

significantly change during the study
period.

CONCLUSIONS —These national
data show a considerable decline in hos-
pital admission rates for angina, AMI, and
CABG; unchanged rates for stroke; and an
increase in PCI procedure rates among
both people with and without diabetes in
England between financial years 2004—
2005 and 2009-2010. The results also
suggest that individuals with diabetes ex-
perienced similar proportional changes in
all CVD outcomes as people without dia-
betes.

However, people with diabetes con-
tinue to remain at ~3.5- to 5-fold higher
risk of hospitalization for major CVD events
and interventions than people without
diabetes.

In-hospital mortality rates declined
significantly for AMI and stroke, remained
unchanged for CABG, and increased for
PCI admissions in both individuals with
and without diabetes.

Since the late 1970s, there have been
marked reductions in CVD event and mor-
tality rates in most industrialized countries
(1,3,4). However, these improvements at-
tenuated during the 1990s among adults
aged <55 years compared with previous
trends (11,18). When examining popula-
tion subgroups, one study showed re-
versed trends in CHD mortality rates in
young men aged 35-44 years in the U.K.

during the 1990s (11). Some studies sug-
gested that the benefits of population
changes in CVD rates might not be shared
equally among people with and without
diabetes, and diabetes might be a major
contributor to the slowdown of improve-
ment seen in the population (7,9). Al-
though it is important to understand
whether people with and without diabetes
are affected differently by CVD, there is
little information on recent trends in
CVD rates in people with and without
diabetes in England. The majority of pre-
vious studies have not reported diabetes-
specific CVD outcome rates because of the
lack of accurate information on diabetes
prevalence (11,19,20). The results of co-
hort or local studies also might not reflect
national trends (6,21). This is the first
study we are aware of that identifies recent
admission rates for major CVD events in
people with diabetes using a national sam-
ple that covers the entire population of
England.

Numerous factors could explain the
favorable trends in hospital admissions
for acute coronary syndrome and inter-
vention rates over the study period. The
prevention and treatment of CVD and its
risk factors have assumed increasing im-
portance in U.K. health policy during the
last decade (12,14). The U.K. government
has made considerable investments in
health services and introduced a wide
range of initiatives, including national

treatment standards for the management
of major chronic conditions with a special
focus on secondary prevention (14,22).
The introduction of the QOF, a major
pay-for-performance program in 2004,
was associated with accelerated improve-
ments in CVD risk factors, including
blood pressure and cholesterol control in
people with diabetes (14). Favorable
trends in cigarette smoking, physical ac-
tivity levels, and increased use of ACE
inhibitors and antihypertensive and lipid-
lowering medications also might have
contributed to these changes (10). Fur-
thermore, better treatment of CVD itself
also could have translated into reductions
in admission and readmission rates for
CVD (4.

Our results correspond with studies
reporting similar reductions in CVD rates
among people with and without diabetes
(5,6,21). Some earlier studies found
smaller improvement in CVD events in
those with diabetes (7,9,23). There are
several potential explanations for this dis-
crepancy beyond differences in study de-
sign and case definition. People with
diabetes often were less likely to receive
intensive treatment for their CVD and CVD
risk factors and were less likely to undergo
therapeutic interventions compared with
those without diabetes (24,25). For exam-
ple, several studies demonstrated that peo-
ple with diabetes presenting with an AMI
were less likely to receive evidence-based
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Figure 1—Rates of admissions for CVD in people with diabetes by sex (A) and age (B) groups between 2004 and 2009 in England. Rates are
expressed as 100,000 people with diabetes. Trends were tested separately for men and women and different age-groups if P < 0.05 for the sex-year

or age-group—year interaction.

treatments, including B-blockers, aspirin,
thrombolysis, and revascularization pro-
cedures compared with those without di-
abetes (24,25). Furthermore, the intensity
of the management showed inverse asso-
ciation with increasing cardiovascular
risk, further disadvantaging older indi-
viduals and those with more comorbidi-
ties (24,26). Hence, the higher baseline
cardiovascular risk was compounded
by a suboptimal treatment of the condi-
tion and its risk factors in individuals

with diabetes. In previous studies, the
lower level of improvement in CVD out-
comes in people with diabetes may have
partly followed from these disparities.
Our results might reflect changes in
historical patterns of care in England.
People with diabetes now get more ag-
gressive management for their condition
than during previous years as a result of
increased awareness of diabetes and vari-
ous nationwide targeted interventions
(14,27). This is supported by a number

of recent studies showing substantial im-
provement in diabetes management and
cardiovascular risk factor control in U.K.
primary care as a result of targeted inter-
ventions (14,27,28). Recent studies from
the U.K. show that people with diabetes
with a higher number of comorbid condi-
tions receive more intensive treatment and
are more likely to achieve established
treatment targets compared with coun-
terparts with less comorbidities, which
indicate changes in previous patterns
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Table 3—Risk of CVD events in people with diabetes compared with those without diabetes between 2004 and 2009 in England

Relative risk (95% CI)

2005

2006

2007

2008

2009

Outcome 2004

Angina 4.59 (4.51-4.67)
AMI 4.69 (4.61-4.78)
PCI 4.04 (3.94-4.14)
CABG 5.56 (5.38-5.74)
Stroke 3.48 (3.41-3.55)

4.64 (4.56-4.71)
4.56 (4.48-4.65)
4.09 (4.00-4.19)
5.61 (5.43-5.79)
3.46 (3.39-3.53)

4.67 (4.59-4.74)
4.46 (4.38-4.54)
3.85 (3.77-3.94)
5.72 (5.54-5.90)
3.34 (3.28-3.41)

4.84 (4.76-4.93)
4.38 (4.30-4.47)
3.78 (3.70-3.86)
5.35(5.19-5.52)
3.37 (3.30-3.44)

4.86 (4.78-4.949)
4.47 (4.39-4.56)
3.77 (3.70-3.85)
5.43 (5.27-5.60)
3.39 (3.33-3.45)

4.70 (4.63-4.79)
4.54 (4.46-4.62)
3.78 (3.71-3.86)
5.36 (5.19-5.53)
3.46 (3.40-3.53)

(24,26,28,29). These findings are further
supported by our results showing increas-
ing PCI rates and a parallel decline in
CABG rates in people with diabetes, a sim-
ilar manner to people without diabetes.

Asin other studies, we found that PCI
rates increased significantly, whereas
CABG rates declined, during the study
period (30,31). Changes in practice pat-
terns could be attributable to CABG being
the more invasive procedure and advan-
ces in PCI such as the introduction of
drug-eluting stents and considerable im-
provements in the short- and long-term
outcomes of PCI, among other factors
(32). Despite substantial evidence that
for patients with severe forms of CHD,
particularly patients with diabetes, CABG
offers advantages in terms of survival and
need for repeat revascularization, we
found a similar shift from CABG to PCI
in people with diabetes as in individuals
without diabetes. The increases in in-hospital
mortality rates for PCI, despite technolog-
ical advances in interventional techniques
and improvements in periprocedural care,
might be attributable to the increasing
complexity of cases referred for PCI.

We found similar proportional changes
in admission rates for AMI, stroke, and
CABG in elderly when compared with
younger individuals with diabetes. The
overall increase in PCl rates in people with
diabetes could largely be explained by the
expansion of PCI in the elderly. Further-
more, people aged =75 years with diabe-
tes experienced a larger annual decline in
admission rates for angina than younger
patients. These findings might reflect more
aggressive treatment applied in higher-
risk patients compared with previous
years, as earlier studies described inverse
associations between treatment propensity
and age. A recent study showed largely at-
tenuating differences in the measurement
and achievement of established treatment
targets between elderly patients aged =75
years and younger individuals with diabe-
tes after the introduction of the QOF (27).

Our observation of stable admission
rates of stroke in people with and without
diabetes differs from earlier studies
(5,33). However, it is difficult to make di-
rect comparisons, because most studies
did not report trends by diabetes status,
had considerably longer follow-up time,
were conducted a long time ago, or reported
rates from small geographic areas
(34,35). There are limited data on tempo-
ral changes in stroke incidence from the
U.K. A recent systematic review only
could identify one article reporting trends
in stroke incidence in the U.K., which
showed a decline in south London over
the period of 1995-2004 (35). A local
study reported a decrease in the number
and incidence of major stroke in Oxford-
shire between 1981 and 2004 (34). The
reason of the significant decline found in
women but not in men with diabetes is
unclear. The World Health Organization
MONICA (Multinational Monitoring of
Trends and Determinants in Cardiovascu-
lar Disease) project showed decreased
stroke rates among men in 13 populations
and among women in 15 of 17 MONICA
populations in 1997. However, this study
did not report stroke rates for people with
and without diabetes, and the number of
populations with statistically significant
trends were small (33). It is possible that
the larger recent improvements in blood
pressure and cholesterol control in women
with diabetes since the introduction of the
QOF, particularly in the elderly, could
partly explain our finding (27).

Our national study used a sample that
covers the entire population of England
and therefore is likely to provide an accu-
rate reflection on population changes in
CVD rates. Previous studies are limited
by the lack of available or accurate data
on diabetes prevalence. By contrast, the
diabetes denominator for our study was
derived from a national database. Given
that ~99% of the U.K. population is re-
gistered with a general practitioner,
and nearly all practices participate in the

pay-for-performance program that finan-
cially incentivizes disease registers, our
estimations likely are to be robust (14).
Limitations of our study need to be
considered when interpreting our results.
Although concerns about the accuracy of
routinely collected datasets have been
raised, these data are continuously audi-
ted, and the quality and validity of this
dataset has been assessed and proved
useful for health research (19,36,37). A
systematic review of discharge coding
evaluated it as high, especially for opera-
tions and procedures (36). Better ascer-
tainment and recording of diabetes after
the implementation of the QOF might ex-
plain some of the increase in diabetes
prevalence during the study period, be-
cause general practices are financially in-
centivized to identify and report all
diabetes cases. However, the increase
was consistent during the study period,
and most of the improved ascertainment
likely is to have occurred immediately
before the study period as practices re-
sponded to the incentives in the QOF.
Furthermore, the increase in the mean
Charlson Comorbidity Index score, which
would indicate the admission of more
complex cases for CVD, is likely to also
reflect better coding of less common co-
morbid conditions on hospital records
since the introduction of payment by
results, a new payment regimen for hospi-
tals introduced in 2005-2006 (38). We
did not distinguish between type 1 and
type 2 diabetes because separate data on
national prevalence were not available.
Our data provide recent national in-
formation on changes in the burden of CVD
events across England. Our results show a
considerable recent decline in admissions
for angina, AMI, and CABG; unchanged
stroke rates; and increasing PCI rates in
people with and without diabetes. However,
despite significant declines, people with
diabetes still are at an ~3.5- to 5-fold risk
of CVD events compared with those with-
out diabetes. Furthermore, the absolute
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population burden of CVD is expected to
further rise, given the rapidly increasing
prevalence of diabetes and the aging pop-
ulation. Hence, these findings emphasize
the ongoing need for aggressive risk re-
duction and primary prevention of CVD
in people with diabetes.
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