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Abstract

Background: Chronic conditions such as coronary heart disease (CHD) challenge health care to provide systematic
and long-lasting disease management. In this study of patients who were revascularized, we examine whether
treatment pathways leading to coronary revascularisation differ between patients with and without diabetes.

Methods: This retrospective, nationwide register-based study in Finland in 1998-2007 describes temporal trends in
the proportions of 1) revascularisations performed at the first treatment period, and 2) suboptimal treatment
pathways to revascularisations, i.e. pathways containing several cardiac emergency hospitalisations. Differences
between patient groups were examined using a logistic regression model adjusting for age, comorbidity, and
region.

Results: Among patients who underwent revascularisation, upward trends were found in the proportions of
revascularisations performed during first hospital admission: among men with CHD alone, the percentages were
28% in 1998 and 77% in 2007; among men with insulin-dependent diabetes (IDD) they were 16% vs. 58% for the
respective years; and among men with non-insulin dependent diabetes (NIDD) they were 25% vs. 69%,
respectively. Among women the percentages were for non-diabetic group 32% vs. 77%; for IDD group 36% vs.
64%; and for NIDD group 33% vs. 73% for the respective years. Patients with diabetes were less likely to undergo
revascularisation during the first hospital admission, in 2005-2007, the odds ratio (OR) for IDD among men was 0.52
(95% confidence interval 0.42-0.64) and for NIDD among men it was 0.79 (95% CI 0.73-0.86) compared to patients
with CHD alone. The respective ORs among women were 0.59 (95% CI 0.44-0.78), and 0.83 (95% CI 0.74-0.93).

Conclusions: Treatment practices changed substantially during the study period to favour performing
revascularisation during the first hospital admission. The large increase in coronary angioplasty operations is likely
to be an important factor behind these changes. However, fewer operations are performed during the first CHD
hospitalisation of diabetic patients who undergo coronary revascularisation and they experience more often
emergency hospital admissions before the operation than patients without diabetes. To avoid adverse cardiac
events, more attention is needed in managing diabetic CHD patients’ referral pathways to revascularisation.

Background
Research evidence suggests that coronary heart disease
(CHD) treatment among patients with diabetes is not
completely in line with clinical guidelines. Furthermore,
treatment has been reported as not being as intensive as
among patients without diabetes [1-3]. In Finland medi-
cation to prevent adverse CHD events has been reported

to be suboptimal for hospitalized diabetic persons with
myocardial infarction (MI) and for ambulatory CHD
patients [4-6]. Similarly, access to revascularisation
among patients with diabetes has been found to be
poorer than among patients without diabetes [7].
In Finland a notable increase of resources to perform

revascularisations took place in the 1990s and a national
diabetes prevention and treatment programme was
launched in 2000. The programme prominently under-
lines diabetes as a vascular disease; patients without any
previous coronary events but diagnosed with diabetes
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are considered to display an increased risk for fatal cor-
onary event equivalent to that among patients with a
previous MI [7-9].
However, little is known of the development of treat-

ment practices in coronary care and whether changes in
these practices have had an effect on pathways of treat-
ment leading to coronary revascularisation for different
patient groups. More information is also needed on
whether the increase in resources for invasive cardiac
treatment and the implementation of the national dia-
betes programme have been followed by changes in
treatment practices and possible differences in them
among CHD patients with and without diabetes.
In this register-based cohort study that included all

patients who underwent a coronary revascularisation
operation between 1998 and 2007 in Finland, we
examined the time trends of coronary revascularisation
operations and compared patients with diabetes to
non-diabetic CHD patients. Furthermore, we explored
whether the increase in revascularisation rates was
associated with treatment pathways leading to
revascularisation.

Methods
Patient population
The study is based on individual-level nationwide regis-
ter data on CHD patients with or without diabetes who
underwent a coronary revascularisation operation
between January 1, 1998 and December 31, 2007 in Fin-
land. This study was approved by the ethics committee
of the National Institute for Health and Welfare. The
data linkages were done by appropriate statistical autho-
rities as required by Finnish data protection legislation.
The research group received anonymised data in which
individuals were not identifiable.
The total population of patients admitted for first cor-

onary artery bypass graft (CABG) or first percutaneous
coronary intervention (PCI) were identified in the Fin-
nish Hospital Discharge Register [10]. The Hospital Dis-
charge Register includes all surgical operations delivered
in public and private hospitals in Finland. The status of
diabetes and other chronic diseases were additionally
determined from two national health insurance registers:
1) a register on entitlement to elevated reimbursements
for medicine expenditure due to chronic conditions and
2) a register on reimbursed prescriptions. Diabetes type
was determined on the basis of prescription data: per-
sons with continuous insulin usage and no purchases of
medication intended to increase pancreatic insulin
secretion were considered to have insulin dependent
diabetes (IDD) and others to have non-insulin depen-
dent diabetes (NIDD). The algorithm used in the identi-
fication of chronic comorbidities is described in detail
elsewhere [11].

Defining treatment pathways for analysis
To examine differences in treatment pathways leading to
revascularisation, all hospital admissions having CHD as
the main diagnosis during the two years preceding the
revascularisation operation were included in the study
data, and admissions were classified into three categories
(1) elective CHD hospital admission, (2) myocardial
infarction admission, or (3) other emergency CHD
admission. Since emergency admissions signal poor con-
trol of CHD, treatment pathways were categorized on
the basis of the number of emergency admissions due to
CHD or MI before the revascularisation. Treatment
pathways were defined as suboptimal if two or more
emergency hospitalisations occurred during the two
years preceding revascularisation. Furthermore, we
examined revascularisation during the first treatment
period, i.e. during the first continuous chain of hospitali-
sations without discharge home. The analysis of treat-
ment pathways is based on an approach we have
developed for studying access to hospital care using reg-
ister-based data [12].

Statistical analysis
First, we examined trends in the proportions of revascu-
larisations performed during the first treatment period
among three patient groups (IDD, NIDD and no dia-
betes). Second, we examined trends in suboptimal path-
ways in these patient groups. Third, we modelled the
probability of revascularisation in the first treatment
period and suboptimal treatment pathways. In order to
control for confounding due to cluster effects – which
are potentially caused by the multilevel structure of the
data where patients are nested within regions (munici-
palities) – we used conditional logistic regression mod-
elling with region as a stratum [13]. The basic models
were also adjusted for age and type of revascularisation.
We also estimated models with further adjustment for
comorbidities. Odds ratios and their 95% confidence
intervals were calculated for different patient groups and
time periods. All analyses were performed for men and
women separately.

Results
Distributions of the study variables for the CHD popula-
tion with the first coronary revascularisation are pre-
sented in Table 1. In total we analyzed 78 774 pathways
leading to first revascularisations for the period 1998-
2007 in Finland, with the majority performed in the age
group 55-69. The number of first CABGs was 27 654
among men and 9514 among women. The first PCI was
performed for 28 485 men and for 13 121 women.
Hypertension was the most common comorbidity. The
average number of hospitalisations due to CHD during
the two years preceding revascularisation was 1.64
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among men and 1.62 among women. The number of
CHD hospitalisations was higher among diabetic than
non-diabetic patients. During the study period, the
average number of CHD hospitalisations in the two
years period prior to revascularisation decreased in
both genders and all patient groups. The means
decreased from 2.04 (CI 95% 2.02-2.06) in 1998-2000
to 1.31 (CI 95% 1.30-1.32) in 2005-2007 among men
with CHD without diabetes; from 2.51 (CI 95% 2.31-
2.71) in 1998-2000 to 1.41 (CI 95% 1.39-1.43) in 2005-
2007 among male patients with IDD; and from 2.23
(CI 95% 2.22-2.25) in 1998-2000 to 1.41 (CI 95% 1.39-
1.42) in 2005-2007 among male patients with NIDD.
Among women, the means decreased from 1.96 (CI
95% 1.93-1.99) in 1998-2000 to 1.31 (CI 95% 1.30-
1.33) in 2005-2007 among those with CHD without
diabetes; from 2.11 (CI 95% 1.93-2.29) in 1998-2000 to
1.50 (CI 95% 1.40-1.59) in 2005-2007 among female
patients with IDD; and from 2.19 (CI 95% 2.12-2.27) in
1998-2000 to 1.42 (CI 95% 1.38-1.45) in 2005-2007
among female patients with NIDD.

The distributions of CHD hospital admissions in
terms of urgency were similar among patients with
and without diabetes: Among men with diabetes, 50%
of the hospital admissions that were due to CHD were
elective, 27% were myocardial infarction admissions,
and 23% were other emergency admissions for CHD.
Among men without diabetes the proportions were
51%, 25% and 24%, respectively. Among women with
diabetes 42% were elective CHD hospital admissions,
28% myocardial infarction admissions, and 30% were
other emergency CHD admissions, while for women
without diabetes the proportions were 46%, 26% and
28%, respectively.
The proportion of coronary revascularisations per-

formed during the first treatment period increased sys-
tematically from 1998 to 2007 among both men and
women, while the proportions were on a rather similar
level among both genders (Figure 1). The proportions of
revascularisation operations in the first treatment period
were smaller among patients with diabetes compared to
those without (p < 0.001) revascularisation

Table 1 Background characteristics of CHD population in Finland 1998–2007

Men Women

No diabetes
(n)

% IDD
(n)

% NIDD
(n)

% No diabetes
(n)

% IDD
(n)

% NIDD
(n)

%

Revascularisations
year(s):

1998-2007 44 498 1 121 10 520 16 731 651 5 253

1998 3 818 92 678 1 247 46 377

2007 4 422 152 1 202 1 807 74 625

Revascularisations
type:

PCI 23 290 52 506 45 4 689 45 9 925 59 343 53 2 853 54

CABG 21 208 48 615 55 5 831 55 6 806 41 308 47 2 400 46

Age: -39 728 2 54 5 59 1 170 1 42 6 26 0

40-54 9 461 21 375 33 1 396 13 1 516 9 204 31 277 5

55-69 21 093 47 501 45 5 444 52 6 229 37 249 38 1 848 35

70+ 13 216 30 191 17 3 621 34 8 816 53 156 24 3 102 59

Comorbidities:

Hypertension 23 495 53 881 79 8 102 77 11 287 67 536 82 4 484 85

Atrial fibrillation 3 261 7 45 4 1 046 10 1 217 7 29 4 536 10

Cardiac failure 2 730 6 145 13 1 266 12 1 421 8 94 14 964 18

Alcoholism/drug
abuse

963 2 39 3 214 2 87 1 11 2 26 0

Cancer 2 554 6 54 5 663 6 1 100 7 27 4 382 7

COPD and asthma 5 104 11 135 12 1 436 14 2 611 16 97 15 958 18

Depression 611 1 23 2 176 2 263 2 15 2 119 2

Parkinson’s disease 274 1 9 1 98 1 147 1 8 1 66 1

Mental disorder 1 031 2 35 3 364 3 492 3 29 4 255 5

Dementia 105 0 3 0 37 0 67 0 2 0 22 0

Renal insufficiency 119 0 76 7 50 0 29 0 33 5 22 0

Number of CHD hospitalizations,
mean (standard deviation)

1.62 (0.86) 1.87 (1.15) 1.72 (0.99) 1.59 (0.87) 1.71 (0.92) 1.70 (1.04)

Abbreviations: No diabetes, patients without diabetes; IDD, insulin dependent diabetes; NIDD, non-insulin dependent diabetes; PCI, percutaneous coronary
intervention; CABG, coronary artery bypass graft; Number of CHD hospitalizations covers two years period preceding revascularization.
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While revascularisations in the first treatment period
increased, the number of suboptimal treatment spells
decreased by at least two-thirds in all patient groups. A
clear downward trend of the proportions of suboptimal
treatment pathways were found both among men and
women (Figure 2), but among patients with diabetes,
suboptimal treatment spells were more probable (p <
0.001).
Among men the odds for revascularisation in the first

hospital treatment period were lower among patients
with diabetes compared to those without diabetes in the
period 1998-2000 (Table 2), with the results remaining
the same even after further adjustment for comorbidity.
Similar differences in the odds for revascularisation in
the first hospital admission were found between women
with and without diabetes in 1998-2000, but the differ-
ences did not reach statistical significance. During the
study period the proportion of revascularisations in the
first hospital admission increased rapidly in both gen-
ders and in all patient groups. In 2005-2007 among men

and women the odds for revascularisation in the first
hospital treatment period were lower among patients
with diabetes than patients without diabetes. The adjust-
ment for comorbidities did diminish the differences, but
it did not remove them entirely.
In 1998-2000, men with diabetes were at a higher risk

for suboptimal pathways to revascularisation than those
without diabetes (Table 3). The difference was especially
large among patients with IDD. Even though the adjust-
ment for comorbidity decreased these differences in
both groups of patients with diabetes it did not abolish
them entirely. In 2005-2007, men with diabetes still had
a higher risk for suboptimal pathways to revascularisa-
tion than CHD patients without diabetes. Although con-
trolling for comorbidities diminished the differences,
they remained statistically significant among patients
with IDD. In 1998-2000, women with diabetes were
more at risk for suboptimal pathways to revascularisa-
tion, even after adjusting for comorbidity. The differ-
ences remained even in the period 2005-2007.

0

10

20

30

40

50

60

70

80

98 00
0

10

20

30
40

50

60

70

80

02 04 06

WomenMen
No diabetes
IDDM
NIDDM

99 01 03 05 07 98 00 02 04 0699 01 03 05 07

% %100 100

9090

Figure 1 Trends in coronary revascularisation performed at the first treatment period in 1998-2007.
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Figure 2 Trends in suboptimal pathways leading to coronary revascularisation in 1998-2007.
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Discussion
This study was based on nationwide register data that
included all CHD patients who underwent coronary
revascularisation. It examined hospital treatment path-
ways leading to the operation in Finland between 1998
and 2007. More specifically, we examined the treatment
pathways among CHD patients with diabetes during a
period that saw a large increase in revascularisation
operations. Overall, treatment practices changed sub-
stantially during the study period to favour performing
revascularisation operations during the first hospital
admission, whether it was an emergency admission or
not. This was true for both men and women and for
patients with and without diabetes. The large increase in
PCIs is likely to be an important factor behind these
changes, as it is likely that CABG will be more often
planned for a subsequent hospitalisation than PCI.
However, patients with diabetes admitted to coronary

revascularisation received relatively fewer operations in
the first CHD hospital admission compared to their
counterparts without diabetes. The differences remained
rather stable during the whole study period. While sub-
optimal treatment pathways decreased substantially dur-
ing the study period, pathways including two or more

emergency admissions were still more common among
patients with diabetes at the end of the study period.
One explanation might be that health services provide a
lower threshold for CHD admission among patients
with diabetes. The average number of hospitalisations
due to CHD was higher among patients with diabetes.
However, distributions of categories for CHD hospitali-
sations were similar in both patient groups. Of all CHD
admissions of men and women with and without dia-
betes, a quarter were due to MI, which was obviously
diagnosed by the same criteria for all patients, that is
using a blood test (troponin-T) with high sensitivity and
specificity. In Finnish hospitals this test was introduced
in 1997-2000 [14]. Other emergency CHD admissions
comprised a quarter of men’s and a third of women’s
admissions among both diabetic and non-diabetic
patients. Therefore we consider that it is unlikely that
health services provide a substantially different threshold
for CHD admissions for diabetic patients compared to
non-diabetic patients. Neither do these differences in
suboptimal treatment pathways seem to be solely due to
a different case-mix among patients with and without
diabetes, since taking into account differential comor-
bidity between the patient groups did not eliminate the

Table 2 Odds-ratios for revascularisation at first CHD hospitalisation by gender and history of diabetes

Men Women

Age adjusted Comorbidity adjusted Age adjusted Comorbidity adjusted

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

1998-2000 No diabetes 1.00 ref. 1.00 ref. 1.00 ref. 1.00 ref.

IDD 0.66 (0.49-0.89) 0.73 (0.54-0.99) 0.68 (0.47-1.00) 0.76 (0.52-1.11)

NIDD 0.80 (0.71-0.89) 0.86 (0.77-0.96) 0.88 (0.77-1.02) 0.95 (0.83-1.10)

2005-2007 No diabetes 1.00 ref. 1.00 ref. 1.00 ref. 1.00 ref.

IDD 0.59 (0.48-0.73) 0.52 (0.42-0.64) 0.53 (0.40-0.70) 0.59 (0.44-0.78)

NIDD 0.86 (0.80-0.94) 0.79 (0.73-0.86) 0.77 (0.69-0.87) 0.83 (0.74-0.93)

All models are adjusted for age, type of revascularization (PCI or CABG), and region. Additional comorbidity adjustment is done for hypertension, atrial fibrillation,
cardiac failure, alcoholism or drug abuse, cancer, COPD and asthma, depression, Parkinson’s disease, psychotic mental disorders, dementia, and renal
insufficiency. Abbreviations: No diabetes, patients without diabetes; IDD, insulin dependent diabetes; NIDD, non-insulin dependent diabetes; OR, odds ratio; CI,
confidence interval.

Table 3 Odds-ratios for suboptimal pathway leading to revascularisation by gender and history of diabetes

Men Women

Age adjusted Comorbidity adjusted Age adjusted Comorbidity adjusted

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

1998-2000 No diabetes 1.00 ref. 1.00 ref. 1.00 ref. 1.00 ref.

IDD 2.02 (1.52-2.67) 1.67 (1.26-2.22) 1.79 (1.18-2.70) 1.52 (1.00-2.30)

NIDD 1.29 (1.15-1.44) 1.12 (1.00-1.26) 1.44 (1.24-1.67) 1.28 (1.10-1.49)

2005-2007 No diabetes 1.00 ref. 1.00 ref. 1.00 ref. 1.00 ref.

IDD 2.46 (1.74-3.46) 1.95 (1.38-2.76) 2.29 (1.46-3.57) 1.91 (1.22-3.00)

NIDD 1.28 (1.10-1.49) 1.12 (0.96-1.30) 1.47 (1.22-1.77) 1.30 (1.08-1.57)

All models are adjusted for age and type of revascularization (PCI or CABG), and region. Additional comorbidity adjustment is done for hypertension, atrial
fibrillation, cardiac failure, alcoholism or drug abuse, cancer, COPD and asthma, depression, Parkinson’s disease, psychotic mental disorders, dementia, and renal
insufficiency. Abbreviations: No diabetes, patients without diabetes; IDD, insulin dependent diabetes; NIDD, non-insulin dependent diabetes; OR, odds ratio; CI,
confidence interval.
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differences. We also adjusted for the type of revasculari-
sation in our models, and that did not explain the differ-
ences. Adjustment for region using conditional logistic
regression assured that confounding due to cluster
effects was adequately controlled.
We made further sensitivity analyses by adjusting for

the MI during the two years period preceding the opera-
tion. These analyses revealed that persons with MI had
clearly higher odds to undergo revascularisation at their
first hospitalisation, and slightly higher odds for the sub-
optimal pathways leading to CABG. The differences
between patients with and without diabetes, however,
remained the same or slightly increased after adjustment
for MI. The interpretations of the results did not
change, but these sensitivity analyses suggest that our
findings were rather conservative.
Adjusting for changes in the characteristics of the

patient population over time, we modelled specific time
periods at the beginning and end of study, comparing at
both time points the non-diabetic patients to those with
IDD or NIDD. Possible changes in the patient popula-
tion included an increase in the number of patients with
diabetes [15], a shift in CHD incidence towards elderly
persons, an increased number of revascularisations, and
a more precise technology used in determining the need
for revascularisation.
The ten-year study period allowed us to examine

changes in treatment practices among both diabetic and
non-diabetic patient groups. Since the data cover all
public and private hospitals, we were able to examine
the total population of patients undergoing a coronary
revascularisation operation during the study period.
The quality and coverage of the Finnish Hospital Dis-

charge Register has been reported to be generally good
and particularly good among patients with MI [16,17].
Information on chronic diseases was also obtained from
two other registers: a register on the reimbursement of
prescriptive medicine costs and a register on persons eli-
gible for elevated mandatory health insurance reimbur-
sement of drug costs. Since the prescription register is
an administrative register based on actual reimburse-
ments of medicine costs, its coverage is likely to be very
high. Eligibility for an elevated level of reimbursement
requires a doctor’s certificate confirming that the criteria
set by the Social Insurance Institution are met, with the
certificate reviewed by a medical specialist at the Social
Insurance Institution. The use of all three registers
allowed for a reliable identification of chronic diseases.
When interpreting the results, it is important to bear

in mind that the study population is a retrospective
cohort of hospitalized CHD patients who underwent a
coronary revascularisation operation. Our study cannot
therefore estimate whether access to revascularisation is
inequitable among persons with diabetes compared with

other coronary patients. An earlier study from Finland
does suggest that diabetes decreases the likelihood of
coronary revascularisation [18]. Additionally, the dia-
betes population has clearly higher mortality compared
to others [19,20]. Based on our data, we cannot estimate
the proportion of those in need of revascularisation,
who died before the operation, or who were not revas-
cularised in spite of a need. The issue of equitable
access to revascularisation among patients with and
without diabetes is complex, and there is an ongoing
discussion on whether an initial strategy of revasculari-
sation, or a conservative approach with drugs is most
effective for coronary patients with diabetes [21].
Earlier studies have mainly examined differences in

access to revascularisation instead of pathways to it and
to our knowledge similar studies are scarce. A cohort
study of MI patients admitted to Californian hospitals
found both ethnic and payer group differences in treat-
ment pathways; uninsured and minority patients were
less likely to have treatment pathways leading to revas-
cularisation. They were less likely to receive the opera-
tion at the first admission, to be transferred to a
hospital offering revascularisation or to be readmitted to
undergo revascularisation [22]. Other retrospective stu-
dies of selection to health care in CHD (revascularisa-
tion and cardiac rehabilitation) suggest there are
barriers in treatment pathways among older patients,
women and lower socioeconomic groups [23-25].
Our retrospective study design enabled us to examine

treatment pathways leading to revascularisation in dif-
ferent patient groups in terms of hospital care. Earlier
research has reported socioeconomic differences in
access to revascularisation among coronary patients in
general as well as patients with diabetes [7,18,26,27].
Further research is needed on the potential socioeco-
nomic differences in pathways to operations among
patients with diabetes.
Differences between patient groups in the revasculari-

sations performed in the first treatment period may
partly echo delays in clinical decision-making on referral
for revascularisation. Due to complicating conditions
requiring medical attention, diabetic CHD patients and
especially patients with IDD may experience these delays
more often than CHD patients without diabetes. The
registers used in this study lack information on these
clinical details. However, allowing for delays in decision-
making, suboptimal treatment pathways should not be
more common among patients with diabetes. Moreover,
the differences in operations at the first CHD admission
as well as in suboptimal pathways remained even after
adjusting for observable comorbidities. In conclusion,
our results suggest that the differences in the risk of
suboptimal treatment pathways may partly be explained
by treatment practices that are not in accordance with
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the evidence-based treatment guidelines that suggest
that the benefits of revascularisation are similar in both
patients groups.

Conclusions
In general, the number of coronary revascularisations
rose in parallel with increased resources and with chan-
ged treatment practices, putting more emphasis on per-
forming revascularisations on CHD patients during the
first hospital admission. However, among men with IDD
and women with IDD and NIDD, the excess risk for
suboptimal pathways to coronary revascularisation
remained. These results are in line with previous studies
reporting suboptimal use of lipid-lowering medication to
prevent CHD among patients with diabetes [6]; further-
more, while CHD mortality has declined constantly, the
excess mortality among patients with diabetes compared
to the general population has not decreased in recent
years [28]. More attention should be focused on cardiac
care among patients with diabetes in terms of secondary
prevention of adverse cardiac events.
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