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Patients With Diabetes Without
Significant Angiographic Coronary
Artery Disease Have the Same Risk
of Myocardial Infarction as
Patients Without Diabetes in a
Real-World Population Receiving
Appropriate Prophylactic
Treatment

Diabetes Care 2017;40:1103-1110 | https.//doi.org/10.2337/dc16-2388

OBJECTIVE

The risk of myocardial infarction (MI) in patients with diabetes is greater than for
patients without diabetes. Consequently, prophylactic treatment is recommended
for patients with diabetes and risk factors for ischemic heart disease. We aimed to
estimate the risk of adverse cardiac events in patients with and without diabetes
with and without coronary artery disease (CAD) after coronary angiography (CAG).

RESEARCH DESIGN AND METHODS

A population-based cohort of patients registered in the Western Denmark Heart
Registry who underwent CAG between 1 January 2003 and 31 December 2012 was
stratified according to the presence or absence of obstructive CAD and diabetes. End
points were death, cardiac death, and MI. Unadjusted and adjusted rate ratios (RRs)
were calculated by using patients without diabetes and without CAD as the reference
group.

RESULTS

We included 93,866 patients of whom 12,544 (13.4%) had diabetes at the time of
CAG. Median follow-up was 4.1 years. Patients with and without diabetes without
obstructive CAD had the same adjusted risk of death (RR 1.03 [95% CI 0.92-1.15]),
cardiac death (RR 1.21 [95% Cl 0.90-1.64]), and MI (RR 0.88 [95% CI 0.65-1.17]).
Patients with diabetes without CAD were more often treated with statins (75.3% vs.
46.0%) and aspirin (65.7% vs. 52.7%) than patients without diabetes and CAD.

CONCLUSIONS

In a real-world population, patients with diabetes with high rates of statin and aspirin
treatment had the same risk of cardiovascular events as patients without diabetes in
the absence of angiographically significant CAD.
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Patients with diabetes are at high risk for
coronary artery disease (CAD) (1). Their
risk of myocardial infarction (Ml) was ini-
tially reported to be equal to that of pa-
tients without diabetes with a history of
Ml (2). However, subsequent studies
have suggested that the impact of dia-
betes on the risk of future CAD is over-
estimated, although diabetes remains
associated with an increased risk of Ml
(3-10). Adequate risk assessment of pa-
tients with diabetes is of great clinical and
economic importance (1). Current guide-
lines suggest that prophylactic treatment
(statins, aspirin, and antihypertensive
treatment) to reduce the risk of Ml is rec-
ommended for patients with diabetes
and one or more risk factors for ischemic
heart disease, including older age, sex,
family history of premature cardiovascu-
lar disease, hypertension, and hypercho-
lesterolemia (11,12). Can we, however,
further distinguish patients with diabetes
with a high and a low risk of adverse car-
diac events? To provide an expanded
understanding of cardiovascular risk as-
sessment in patients with diabetes, we
examined long-term clinical outcomes in
patients with and without diabetes with
and without obstructive CAD by coronary
angiography (CAG) by linking CAG results
registered in the Western Denmark Heart
Registry with outcomes registered in na-
tional clinical databases.

RESEARCH DESIGN AND METHODS

Databases

The Western Denmark Heart Registry
contains information about all cardiac
procedures performed in western Den-
mark since 1999 and covers a population
of 3.5 million people. It has collected data
on >120,000 CAGs, including a detailed
description of the presence and extent of
CAD in patients with and without diabe-
tes (13).

Each hospital that performs cardiac
procedures in western Denmark contrib-
utes to the registry. Registration is 100%
web-based and contains information on
patient characteristics, procedural indica-
tion and priority, and angiographic find-
ings (13). Patients are registered in the
Western Denmark Heart Registry by their
10-digit unique personal identifier, which
is issued by the Danish Civil Registration
System to each Danish resident upon
birth or immigration. This identifier is
used by every regional and national reg-
istry in Denmark, including the Danish

National Patient Registry, which records
all hospital-based inpatient and outpa-
tient diagnoses; the Danish Register of
Causes of Death, which records the cause
of death of all Danish residents; and the
Danish National Database of Reimbursed
Prescriptions, which contains data on all
reimbursed prescriptions at Danish phar-
macies (14-16).

Patient Selection

All patients with a CAG procedure regis-
tered in the Western Denmark Heart Reg-
istry from 1 January 2003 to 31 December
2012 were included in this study (Fig. 1).
If a patient underwent multiple CAG ex-
aminations during the study period, the
first CAG was used as the index proce-
dure. Patients were classified according
to presence or absence of diabetes and
obstructive CAD. In Denmark, diabetes is
diagnosed on the basis of fasting glucose
or hemoglobin A;. measurements ac-
cording to international guidelines. These
values, however, are not registered in
the Western Denmark Heart Registry,
wherein diabetes is entered according
to the treatment strategy at the time of
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intervention. Thus, diabetes was defined
as receiving insulin treatment (with or
without a supplementary oral glucose-
lowering treatment), oral glucose-lowering
treatment, or nonpharmacological die-
tary treatment for diabetes at the time
of CAG as recorded in the Western Den-
mark Heart Registry. Obstructive CAD was
defined as one or more epicardial coro-
nary arteries with =50% angiographic lu-
men narrowing, whereas no CAD was
defined as no or mild angiographic lumen
narrowing (<50%) in a single coronary
vessel. Patients with missing coronary or
diabetes status (n = 8,593) were excluded.
Patients registered with diffuse CAD (n =
7,224) included those with diffuse nonsig-
nificant atherosclerosis in more than one
coronary artery or with nonobstructive
(<<50%) lesions in multiple coronary ves-
sels; these patients were excluded. A
small number of additional patients
were excluded because of invalid per-
sonal identifiers or emigration before
their index procedure (n =99). All patients
were >18 years of age.

[ 109,782 patients undergoing CAG]

99 patients with preprocedural
emigration, missing, or otherwise
ineligible personal identifier

109,683 patie
personal

nts with valid ]

[ 101,090

identifier
7.858 patients with missing diabetes
status
735 with missing CAD status
patients ]

4( 7,224 patients with diffuse CAD

[
12,544 patients
+DM
I

1
81,322 patients
-DM
T

[ |
8,923 patients 3,621 patients
+CAD +DM -CAD +DM

[ |
49,395 patients 31,927 patients
+CAD -DM -CAD -DM

1 January 2003 and 31 December 2012. Angiographically determined obstructive CAD was defined

Figure 1—Flowchart of selection of patients who underwent CAG in western Denmark between

as =50% lumen narrowing in one or more coronary vessels. +, with; —, without; DM, diabetes.
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Comorbidity

The Charlson comorbidity index score
was estimated for each patient on the
CAG date (17). Comorbidity was ascer-
tained through the Danish National Pa-
tient Registry on the basis of ICD-10
codes by using a 5-year look-back period
of patient history before inclusion. A
Charlson comorbidity index score of
0 in a patient with diabetes was caused
by lack of registration of this diagnosis in
the Danish National Patient Registry
primarily because their general physician
treated some patients with diabetes with-
out referring them to the hospital system.
This limitation applied only to diabetes
diagnoses because the remaining diagno-
ses included in the Charlson comorbidity
index required treatment as a hospital
inpatient or in an outpatient setting and
thus would be registered in the Danish
National Patient Registry.

Medication

Records of treatment with statin (Anatom-
ical Therapeutic Chemical [ATC] codes
C10AA01-05, C10AAQ7), aspirin (ATC co-
des BO1AC06, NO2BAO1), ACE inhibitor/
angiotensin Il receptor blocker (ARB)
(ATC codes C09AA01-06, CO09AA10,
C09CAO01, CO9CA03-04, CO9CA06-08),
and B-blocker (ATC codes CO7AA-AB)
were obtained through the Danish Na-
tional Database of Reimbursed Prescrip-
tions (16). Because of a lack of database
coverage before 2004, prescription reim-
bursement data could only be obtained in
patients examined from 2004 to 2012.
Treatment was defined as filling one or
more prescriptions between 6 months
before and 1 month after the index CAG.

M1

Ml diagnoses were ascertained through
the Danish National Patient Registry by
using the ICD-10 code for MI (DI-21) and
classified as either a primary (A) or sec-
ondary (B) diagnosis during an acute hos-
pital admission. Because of interhospital
transfers of patients with acute coronary
syndrome, the use of registries to diag-
nose Ml is less valid for the first 30 days
after CAG. Beyond 30 days, the sensitivity
and specificity of the MI diagnosis was
94% and 98%, respectively (18). Thus,
for MI, we initiated follow-up 30 days
after CAG.

Cardiac Death
Cardiac death was defined as death re-
sulting from ischemic heart disease (ICD-

10 codes 1-20-25); sudden cardiac death
(1-46); death resulting from ventricular
tachycardia (1-47.2); death resulting
from heart failure (I-50); or sudden death,
unspecified (R-96) as recorded on death
certificates from the Danish Register of
Causes of Death. Because death certifi-
cates completed after 31 December
2011 could not be accessed when we
closed to further data entry, cardiac death
could only be documented between 1
January 2003 and 31 December 2011.

All-Cause Death

The Danish Civil Registration System pro-
vided data on the patients’ vital status
(dead, alive, or emigrated).

Statistical Analyses

Follow-up began on the hospital dis-
charge date after CAG (except for Ml,
for which follow-up began 30 days after
CAG) and continued until death, emigra-
tion, or 7 years after the index interven-
tion, whichever came first. Data on all
Mls, cardiac deaths, and all-cause deaths
during follow-up were obtained. Cumula-
tive incidence curves were constructed
on the basis of cumulative rates of all-
cause death, cardiac death, and Ml occur-
ring in each patient subgroup during the
follow-up period. Because of variable fol-
low-up time, we chose to estimate rate
ratios (RRs). In each group, the number of
events and combined person-year at risk
were calculated to estimate incidence
rates of each outcome. RRs were adjusted
for age, sex, hypertension, Charlson co-
morbidity index score, smoking status,
and procedural priority (urgency of inter-
vention) (model 1) and further for BMI
(model 2) by using modified Poisson re-
gression (19). Finally, we performed addi-
tional analyses adjusting for treatment
with statins, aspirin, 3-blockers, and ACE
inhibitors/ARB and treatment in patients
without CAD in which event registration
started 1 month after CAG (model 3). The
xz test was used in significance testing.
P < 0.05 was considered significant. In
case of emigration, patient data were
censored. We used SAS 9.2 software
(SAS Institute, Cary, NC) for all analyses.

Sensitivity Analysis

In a sensitivity analysis, only patients with
no history of MI, percutaneous coronary
intervention (PCl), or coronary artery by-
pass graft recorded in either the Western
Denmark Heart Registry or the Danish Na-
tional Patient Registry were included. The
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statistical analyses were performed as
described above.

Ethics Approval

This study complies with the Declaration
of Helsinki and was approved by the Dan-
ish Data Protection Agency (Record no.
2012-41-0914; Copenhagen, Denmark).

RESULTS

A total of 93,866 patients were followed
after CAG. Of these, 12,544 (13.4%) had
diabetes at the time of examination. In
the total patient population, 8,923
(9.5%) patients had diabetes and obstruc-
tive CAD, 3,621 (3.9%) had diabetes but
no obstructive CAD, 49,395 (52.6%) had
no diabetes but obstructive CAD, and
31,927 (34.0%) had neither diabetes nor
obstructive CAD (Fig. 1). Median follow-up
was 4.1 years.

Baseline Characteristics
Patient characteristics are outlined in
Table 1. Patients with obstructive CAD
were more often men and older, had a
history of MI/PCI, and were examined
with higher urgency (i.e., acute/subacute
vs. elective) than patients without ob-
structive CAD, irrespective of diabetes
status. Patients with obstructive CAD
were more frequently associated with
acute coronary syndromes as the proce-
dural indication for admission, whereas
patients without significant CAD more of-
ten underwent CAG because of stable an-
gina pectoris, unspecified angina pectoris,
heart valve disease, and cardiomyopathy.
Patients with diabetes were more fre-
quently treated for hypertension, had
higher Charlson comorbidity index scores,
and were more likely to be obese or over-
weight than patients without diabetes,
regardless of the presence or absence of
obstructive CAD. Patients with diabetes
but without CAD were more often treated
with statins, aspirin, -blockers, and ACE
inhibitors than those without diabetes
and CAD. The prevalence of diabetes
treatment strategies was similar in pa-
tients with diabetes with and without ob-
structive CAD. Oral glucose-lowering
treatment was the most common diabe-
tes treatment strategy.

Clinical End Points

During the follow-up period, 14,424 pa-
tients died, 4,085 died as a result of car-
diac death, and 4,666 had an MI. The total
numbers of adverse events stratified by
diabetes and CAD are shown in Table 2.
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Table 1—Baseline characteristics

All patients +CAD +DM +CAD -DM —CAD +DM —CAD -DM
(n = 93,866) (n = 8,923) (n = 49,395) (n =3,621) (n =31,927)
Median follow-up (IQR) (years) 4.1 (1.8-6.5) 3.3 (1.4-5.9) 4.2 (1.9-6.6) 3.3 (1.6-5.7) 4.2 (2.0-6.5)
Male sex 63.7 71.2 72.6 51.1 49.2
Median age (IQR) (years) 65 (56-73) 68 (61-75) 67 (59-75) 62 (54-70) 61 (52-69)
Family history of ischemic heart disease 40.2 38.9 40.8 39.6 39.7
Hypertension 49.4 72.5 47.8 71.3 42.8
Aspirin 71.7 84.5 82.7 65.7 52.7
Statin 71.7 87.6 86.0 75.3 46.0
{3-Blocker 68.3 76.0 78.4 57.1 52.5
ACE inhibitor 34.1 50.5 36.0 41.6 26.1
ARB 10.5 18.9 9.5 20.4 8.7
Active smoker 29.3 25.7 33.9 20.7 24.1
Previous smoker 36.1 42.3 36.2 36.2 32.7
Diabetes treatment
Insulin (£ oral glucose lowering) 4.7 36.3 = 31.8 =
Oral glucose lowering 6.9 50.9 = 52.3 =
Dietary 1.8 12.8 — 15.9 —
Charlson comorbidity index score
0 50.5 28.8 50.1 37.9 58.7
1 24.3 25.2 24.9 28.6 22.7
2 13.5 19.6 13.7 16.8 11.2
=3 11.7 26.4 11.3 16.7 7.4
BMI (kg/m?®)
Median (IQR) 26.6 (24.0-29.7) 28.4 (25.5-31.9) 26.3 (24.0-29.1) 29.8 (26.3-34.2) 26.1 (23.4-29.3)
<185 13 0.5 11 0.7 1.7
18.5-25 28.1 17.4 28.4 143 323
25-30 35.1 33.9 37.1 28.9 33.1
>30 19.4 31.8 16.3 42.1 18.3
Previous Ml or PCI
Mi 12.9 23.0 17.4 5.3 4.0
PCI 6.8 111 8.9 3.7 2.8
Procedural priority
Acute 18.0 15.5 26.4 5.1 7.1
Subacute 27.7 31.8 30.5 19.2 23.1
Elective 54.4 52.7 43.1 75.7 69.8
Procedural indication
STEMI 16.0 13.9 25.0 3.0 4.3
NSTEMI 17.6 23.2 22.7 7.8 9.4
Unstable AP 1.8 1.7 1.6 1.8 2.1
Stable AP 39.9 42.1 35.4 50.0 45.2
Arrhythmia 2.4 2.2 1.7 3.1 3.5
Valvopathy or aortic disease 7.1 5.1 4.5 8.8 11.6
Cardiomyopathy 5.1 4.9 2.8 8.8 8.2
Surveillance 0.2 0.2 0.2 0.4 0.3
Complication 0.0 0.0 0.1 0.1 0.0
Unspecified AP 2.0 1.1 0.7 5.5 4.1
Cardiac arrest 0.1 0.1 0.1 0.1 0.2
Other 4.7 2.9 2.6 7.8 8.3
Missing data 2.8 2.6 2.7 2.8 3.0

Data are % unless otherwise indicated. Baseline characteristics at time of CAG in patients with and without significant CAD and diabetes. Angiographically
determined obstructive CAD was defined as at least one coronary vessel with =50% lumen narrowing ascertained by CAG. DM was defined as receiving
insulin treatment (with or without supplementary oral glucose-lowering treatment), other oral glucose-lowering treatment, or nonpharmacological

dietary diabetes treatment at the time of CAG. +, with; —, without; AP, angina pectoris; DM, diabetes; IQR, interquartile range; NSTEMI, non-ST—elevation
myocardial infarction; STEMI, ST-elevation myocardial infarction.

Patients without diabetes and CAD had
the lowest cumulative risk of all-cause
death (14.72% [95% Cl 14.2-15.3]), car-
diac death (2.20% [95% Cl 1.9-2.5]), and
MI (2.56% [95% CI 2.3-2.8]) followed by

patients with diabetes without CAD, pa-
tients without diabetes with CAD, and pa-
tients with diabetes and CAD (Table 2).
Compared with patients with neither di-
abetes nor obstructive CAD, patients with

diabetes without obstructive CAD had
a similar 7-year risk of all-cause death
(RR 1.03 [95% CI 0.92-1.15]; P = 0.61),
cardiac death (RR 1.21 [95% Cl 0.90—
1.64]; P = 0.21), and MI (RR 0.88 [95%
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Table 2—Number of events and risk of death, cardiac death, and MI after CAG, with patients without diabetes and without
angiographically determined CAD as reference

Cumulative Unadjusted RR Adjusted RR¥ Adjusted RR§
Events (n) incidence (%) (95% Cl) P valuel| (95% ClI) P value (95% Cl) P value

All-cause death

—CAD -DM (reference) 3,000 14.72 1 = 1 = 1 =

—CAD +DM 455 21.97 1.52 (1.38-1.68) <0.001 1.03 (0.92-1.15) 0.61 1.14 (1.01-1.28) 0.0311

+CAD -DM 8,673 25.13 1.88 (1.81-1.97) <0.001 1.06(1.01-1.11) 0.0166 1.07 (1.01-1.13) 0.0124

+CAD +DM 2,296 37.30 3.12 (2.95-3.30) <0.001 1.15(1.08-1.23) <0.001 1.22(1.13-1.31) <0.001
Cardiac death

—CAD —DM (reference) 354 2.20 1 — 1 — 1 —

—CAD +DM 55 3.75 1.61 (1.21-2.14) 0.001 1.21 (0.90-1.64) 0.21 1.25 (0.90-1.74) 0.19

+CAD -DM 2,901 9.33 5.20 (4.66-5.81) <0.001 2.51(2.22-2.83) <0.001 2.40(2.09-2.76) <0.001

+CAD +DM 775 15.33 8.80(7.75-9.99) <0.001 2.92(2.53-3.38) <0.001 2.79(2.36-3.30) <0.001
Mi

—CAD —DM (reference) 473 2.56 1 — 1 — 1 —

—CAD +DM 60 3.60 1.31(1.00-1.71) 0.0513 0.88 (0.65-1.17) 0.37 0.92 (0.67-1.27) 0.62

+CAD -DM 3,264 10.28 4.71 (4.27-5.19) <0.001 3.42(3.08-3.81) <0.001 3.38(3.00-3.80) <0.001

+CAD +DM 869 16.73 8.00 (7.14-8.96) <0.001 4.15(3.65-4.71) <0.001 4.19 (3.63-4.84) <0.001

Seven-year cumulative incidence and RR of all-cause death, cardiac death, and Ml in patients with diabetes and CAD (obstructive CAD defined as at least
one coronary vessel with =50% lumen narrowing ascertained by CAG), patients without diabetes with CAD, and patients with diabetes without CAD,
with patients without diabetes and without CAD as the reference. DM defined as receiving insulin treatment, other oral glucose-lowering treatment, or
nonpharmacological dietary diabetes treatment at the time of CAG. +, with; —, without; DM, diabetes. ||P value for comparison with patients without diabetes
and obstructive CAD, with P < 0.05 considered significant. +Model 1: RR adjusted for age, sex, Charlson comorbidity index score, hypertension, smoking,
and procedural priority. §Model 2: RR adjusted for age, sex, Charlson comorbidity index score, hypertension, smoking, procedural priority, and BMI.

Cl: 0.65-1.17]; P = 0.37) after adjustment
(Table 2). These results were not signifi-
cantly affected by additional adjustment
for BMI (Table 2). In contrast, patients
with obstructive CAD were at higher risk
of all-cause death, cardiac death, and Ml
regardless of diabetes status, although
patients with diabetes were at highest
risk. Cumulative 7-year incidence curves
of all-cause death, cardiac death, and Ml
are shown in Fig. 2.

With additional adjustment for treat-
ment with statins, aspirin, B-blockers,
and ACE inhibitors/ARB, no differences
in risk of MI (RR 0.86 [95% CI 0.59—-
1.24]; P = 0.41) and cardiac death (RR
1.08 [95% CI 0.72-1.60]; P = 0.71) were
seen between patients with and without
diabetes without CAD. Only a slightly in-
creased risk of death was seen (RR 1.16
[95% Cl: 1.01-1.33]; P = 0.038). However,
in sensitivity analyses of patients without
prior ischemic heart disease (Ml, PCI, or
coronary artery bypass graft), no differ-
ences were seen for any outcome (data
not shown).

CONCLUSIONS

In a real-world population, patients with
diabetes without angiographically signifi-
cant CAD had the same low risk of
all-cause death, cardiac death, and Ml as
patients without diabetes and CAD. Some
patients with diabetes develop macrovas-
cular CAD, and these patients have a

higher risk of cardiac events than those
without diabetes but with CAD. However,
some patients with diabetes seemed not
to develop macrovascular CAD. Patients
with diabetes without significant CAD
more often received proper prophylactic
therapy, such as aspirin, statin, and hyper-
tensive treatment, than their counter-
parts without diabetes and did not
have a greater risk of cardiac events than
patients without diabetes and CAD in the
7-year follow-up period. The novel insight
from this study is that absence of angio-
graphically significant CAD in patients with
diabetes treated with high levels of pre-
ventive therapy removes the diabetes-
associated increased risk of MI and cardiac
death for at least a 7-year period.

That diabetes approximately doubles
the risk of Ml and death among patients
with known CAD is well-known (20,21).
Nicholls et al. (22) found that diabetes
was among one of the strongest predic-
tors of atherosclerotic burden in patients
with established CAD. The patients with
diabetes and macrovascular CAD in the
current cohort were also those with the
highest risk of adverse cardiac events. In a
cohort of patients with no knowledge
about the presence or absence of CAD
except for history of prior Ml, Haffner
et al. (2) demonstrated that patients
with diabetes but without prior Ml
had a 7-year mortality risk equal to that
of patients without diabetes but with

previous Ml as well as a similar risk of
death resulting from CAD (adjusted haz-
ard ratio 1.2 [95% CI 0.6-2.4]). Hence,
patients with diabetes were subsequently
viewed as a group with a particular need
of risk modification targeting hyperten-
sion, hypercholesterolemia, and smoking
to prevent CAD (11,12). In contrast to the
current study, Haffner et al. included pa-
tients with diabetes treated with insulin
or oral glucose-lowering therapy from
1982 to 1990, an inclusion period likely
characterized by a different standard of
care than current practice. An increased
awareness of prophylactic treatment, in-
cluding the use of statins, thus may have
modified the risk of cardiovascular events
in patients with diabetes. Moreover, the
study cohort (age 45-64 years, n = 2,432)
was younger and smaller than the current
cohort, and patients were classified on
the basis of previous clinical history of
M. Subsequent larger-scale studies, like-
wise in cohorts without knowledge re-
garding CAD, modified the results by
Haffner et al. by showing that patients
with diabetes with no history of Ml
had a lower risk of future cardiovascular
events than patients with previous Ml
(3-9,23), although diabetes still appeared
to be a risk factor, with increased rates
of both all-cause and cardiac death
(3,7,9,10,23). A meta-analysis of studies
comparing patients with diabetes
without a history of Ml versus patients
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Figure 2—Accumulated rates of all-cause death (A), cardiac death (B), and myocardial infarction (C) over 7 years in patients with diabetes and obstructive
CAD, patients with diabetes without obstructive CAD, patients without diabetes with obstructive CAD, and patients without diabetes without obstructive
CAD after invasive CAG. +, with; —, without; DM, diabetes.

without diabetes with prior Ml yielded a
44% lower risk of Ml in the diabetes group
(24). None of these studies, however,
evaluated the impact of macrovascular
angiographic CAD, and the increased
awareness of prophylactic treatment, in-
cluding the use of statins, may have mod-
ified the risk of cardiovascular events in
patients with diabetes compared with the
landmark study by Haffner et al. Only
Saely et al. (25) reported data from a
small group of patients with (n = 164)
and without diabetes (n = 586) after
CAG and demonstrated that the risk of
cardiovascular events depended more
on the coronary status than on the diabe-
tes status and that the risk of cardiovas-
cular events did not differ between
patients with and without diabetes with-
out obstructive CAD after 2.2 years of
follow-up. In the current study, we used
CAG to stratify a large cohort of ~94,000
patients into groups with and without di-
abetes and CAD and combined this with a
registry-based long-term follow-up. We

demonstrate that the absence of angio-
graphically significant CAD, even in patients
with diabetes, is associated with a very low
risk of cardiovascular events over a 7-year
period. Why some patients with diabetes
developed CAD when others did not is un-
known, but genetic factors are likely to be a
major influence. Nonetheless, assessment
of CAD by CAG seems to be a valid prog-
nostic tool in the risk stratification of
patients with diabetes. However, CAG
probably is too invasive and has certain
limitations in the description of subclinical
CAD. The Multi-Ethnic Study of Atheroscle-
rosis showed that increased coronary ar-
tery calcium (CAC) score by computed
tomography scan is associated with an in-
creased risk of coronary heart disease, and
low CAC predicts a low risk of coronary
heart disease (26). CAC screening of pa-
tients with diabetes may lead to an iden-
tification of those with a high likelihood of
benefitting from an intensified prophylac-
tic treatment strategy. However, such
strategies require further investigation.

The absence of angiographically signif-
icant CAD in patients with diabetes in a
real-world setting seems to be a valid
prognosticator of cardiovascular risk,
and to some extent, this is intuitively un-
derstandable because atherosclerosis in
the majority of patients is a prerequisite
for MI. Another explanation is the higher
likelihood of prophylactic, or intensified,
treatment of comorbidities, such as hy-
pertension and dyslipidemia, in patients
with diabetes, which we observed in the
current cohort. The contemporary prac-
tice of prophylactic aspirin, statin, and an-
tihypertensive treatment may explain the
low risk of cardiovascular events among
patients with diabetes without CAD. In-
tensive control and treatment of blood
pressure in patients with diabetes has
been shown to reduce the risk of Ml,
death resulting from diabetes, and all-
cause death (27,28). Statin treatment
has similarly been associated with
a significant reduction of coronary
events in patients with diabetes (29,30).
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Furthermore, fewer active smokers were
observed among patients with diabetes,
which likely represents another part of
the prophylactic effort by the health care
system. The current study thus shows that
in a real-world, nonselect population
where patients with diabetes receive
proper prophylactic treatment, patients
with diabetes without CAD have a low
risk of cardiovascular events comparable
with patients without diabetes and with-
out CAD. Patients with diabetes without
CAD had high rates of hypertension and
smoking, and >80% received medical
treatment for diabetes. According to the
current guidelines, the majority of these
patients should receive prophylactic
treatment with aspirin and lipid-lowering
medications (11,12). However, the role of
aspirin for primary prevention in patients
with diabetes without CAD is controver-
sial, and in low-risk patients, the modest
benefit in reducing adverse cardiac
events can be offset by the increased
risk for bleeding, including intracranial
and gastrointestinal hemorrhage. Given
the very low risk of Ml in the current di-
abetes cohort without CAD, prophylactic
aspirin for this group may not be of ben-
efit or may even cause harm, although
this remains speculative at this point.
The current data set currently is limited
to 7-year follow-up. At this point, we can
only state that the lack of angiographic
CAD was protective for this period. Within
this period, however, there was no indi-
cation of a faster development of CAD
among patients with diabetes versus
those without diabetes and without
CAD. Classification of CAD was based on
visual angiographic assessment by the
treating physician, which also means
that gray zones will exist among the var-
ious subclassifications of CAD on the indi-
vidual level. Furthermore, CAG does not
describe lesion morphology and vulnera-
bility, and some patients may have had
vulnerable plaques that could not be
identified by CAG. Nevertheless, the re-
sults from ~94,000 CAGs show that the
risk of Ml was very low for the diabetes
cohort when the CAG was judged as not
showing significant disease. A risk exists
for underestimating Ml events in patients
with diabetes because of a higher risk of
asymptomatic Ml in this population and
may have led to a lower Ml rate in pa-
tients with diabetes without CAD. Finally,
we were unable to distinguish between
patients with type 1 and type 2 diabetes.

In conclusion, in the absence of angio-
graphically significant CAD, patients with
diabetes treated with contemporary pro-
phylactic therapy have the same risk of
cardiovascular events as patients without
diabetes.

Funding. K.K.W.O. was supported by a scholar-
ship financed by the Danish Heart Foundation
(Hjerteforeningen grant 14-R97-A5144-22860).
H.T.S. was supported by a grant from the Pro-
gram for Clinical Research Infrastructure estab-
lished by the Lundbeck Foundation and the Novo
Nordisk Foundation. The Department of Clinical
Epidemiology is a member of the Danish Center
for Strategic Research in Type 2 Diabetes
(Danish Research Council grants 09-075724
and 10-079102).

Duality of Interest. No potential conflicts of in-
terest relevant to this article were reported.
Authors Contributions. K.K.W.0. and M.Mae.
designed the study and wrote the first draft and
subsequent revisions of the manuscript. M.Mad.
performed the statistical analyses. G.E., T.T.,
L.0.J., B.R,, H.E.B., and H.T.S. contributed to the
discussion and reviewed and edited the manu-
script. M.Mae. is the guarantor of this work and, as
such, had full access to all the data in the study and
takes responsibility for the integrity of the dataand
the accuracy of the data analysis.

Prior Presentation. Parts of this study were
presented in abstract form at the European
Society of Cardiology Congress, London, U.K.,
29 August-2 September 2015.

References

1. Fox CS, Golden SH, Anderson C, et al.; Ameri-
can Heart Association Diabetes Committee of the
Council on Lifestyle and Cardiometabolic Health,
Council on Clinical Cardiology, Council on Cardio-
vascular and Stroke Nursing, Council on Cardio-
vascular Surgery and Anesthesia, Council on
Quality of Care and Outcomes Research; Ameri-
can Diabetes Association. Update on prevention
of cardiovascular disease in adults with type 2
diabetes mellitus in light of recent evidence: a
scientific statement from the American Heart As-
sociation and the American Diabetes Association.
Circulation 2015;132:691-718

2. Haffner SM, Lehto S, Ronnemaa T, Pyorala K,
Laakso M. Mortality from coronary heart disease
in subjects with type 2 diabetes and in nondia-
betic subjects with and without prior myocardial
infarction. N Engl J Med 1998;339:229-234

3. Lee CD, Folsom AR, Pankow JS, Brancati FL;
Atherosclerosis Risk in Communities (ARIC) Study
Investigators. Cardiovascular events in diabetic
and nondiabetic adults with or without history
of myocardial infarction. Circulation 2004;109:
855-860

4. Evans JM, Wang J, Morris AD. Comparison of
cardiovascular risk between patients with type 2
diabetes and those who had had a myocardial
infarction: cross sectional and cohort studies.
BMJ 2002;324:939-942

5. Lotufo PA, Gaziano JM, Chae CU, et al. Diabetes
and all-cause and coronary heart disease mortal-
ity among US male physicians. Arch Intern Med
2001;161:242-247

Olesen and Associates

6. Hu G, Jousilahti P, Qiao Q, Peltonen M, Katoh S,
Tuomilehto J. The gender-specific impact of dia-
betes and myocardial infarction at baseline and
during follow-up on mortality from all causes and
coronary heart disease. J Am Coll Cardiol 2005;45:
1413-1418

7. Eberly LE, Cohen JD, Prineas R, Yang L; Inter-
vention Trial Research Group. Impact of incident
diabetes and incident nonfatal cardiovascular dis-
ease on 18-year mortality: the multiple risk factor
intervention trial experience. Diabetes Care 2003;
26:848-854

8. Hu FB, Stampfer MJ, Solomon CG, et al. The
impact of diabetes mellitus on mortality from all
causes and coronary heart disease in women:
20 years of follow-up. Arch Intern Med 2001;
161:1717-1723

9. Cho E, Rimm EB, Stampfer MJ, Willett WC, Hu
FB. The impact of diabetes mellitus and prior myo-
cardial infarction on mortality from all causes and
from coronary heart disease in men. J Am Coll
Cardiol 2002;40:954-960

10. Wannamethee SG, Shaper AG, Lennon L. Car-
diovascular disease incidence and mortality in
older men with diabetes and in men with coro-
nary heart disease. Heart 2004;90:1398-1403
11. American Diabetes Association. Cardiovascu-
lar disease and risk management. Sec. 9. In
Standards of Medical Care in Diabetes—2017. Di-
abetes Care 2017;40(Suppl. 1):575-587

12. Rydén L, Grant PJ, Anker SD, et al.; Task Force
on Diabetes, Pre-Diabetes, and Cardiovascular
Diseases of the European Society of Cardiology
(ESC); European Association for the Study of Di-
abetes (EASD). ESC guidelines on diabetes, pre-
diabetes, and cardiovascular diseases developed
in collaboration with the EASD - summary. Diab
Vasc Dis Res 2014;11:133-173

13. Schmidt M, Maeng M, Jakobsen CJ, et al. Ex-
isting data sources for clinical epidemiology: the
Western Denmark Heart Registry. Clin Epidemiol
2010;2:137-144

14. Lynge E, Sandegaard JL, Rebolj M. The Danish
National Patient Register. Scand J Public Health
2011;39(Suppl. 7):30-33

15. Juel K, Helweg-Larsen K. The Danish registers
of causes of death. Dan Med Bull 1999;46:354—-357
16. Johannesdottir SA, Horvath-Puhd E,
Ehrenstein V, Schmidt M, Pedersen L, Sgrensen
HT. Existing data sources for clinical epidemiology:
the Danish National Database of Reimbursed
Prescriptions. Clin Epidemiol 2012;4:303—-313

17. Charlson ME, Pompei P, Ales KL, MacKenzie
CR. A new method of classifying prognostic co-
morbidity in longitudinal studies: development
and validation. J Chronic Dis 1987;40:373-383
18. Egholm G, Madsen M, Thim T, et al. Evalua-
tion of algorithms for registry-based detection of
acute myocardial infarction following percutane-
ous coronary intervention. Clin Epidemiol 2016;8:
415-423

19. Zou G. A modified Poisson regression ap-
proach to prospective studies with binary data.
Am J Epidemiol 2004;159:702—-706

20. Jensen LO, Thayssen P, Junker A, et al. Com-
parison of outcomes in patients with versus with-
out diabetes mellitus after revascularization with
everolimus- and sirolimus-eluting stents (from the
SORT OUT IV trial). Am J Cardiol 2012;110:1585—
1591

21. Olesen KK, Tilsted HH, Jensen LO, et al.
Long-term outcome of sirolimus-eluting

20z 14y 60 U0 1s8n6 Aq Jpd'88EZ9LIP/LOSESS/E0L L/8/0/IPd-BI0ILIE/0180/WIO0 IBYOIOA|IS BPEY/:d)IY WO} PAPEC|UMOQ


http://care.diabetesjournals.org

1110 Diabetes and Risk of Myocardial Infarction
|

and zotarolimus-eluting coronary stent im-
plantation in patients with and without di-
abetes mellitus (a Danish organization for
randomized trials on clinical outcome Il sub-
study). Am J Cardiol 2015;115:298-302

22. NichollsSJ, Tuzcu EM, Crowe T, et al. Relation-
ship between cardiovascular risk factors and ath-
erosclerotic disease burden measured by
intravascular ultrasound. J Am Coll Cardiol 2006;
47:1967-1975

23. Nanchen D, Rodondi N, Cornuz J, et al.; Study
of Osteoporotic Fractures Research Group. Mor-
tality associated with diabetes and cardiovascular
disease in older women. PLoS One 2012;7:¢48818
24. Bulugahapitiya U, Siyambalapitiya S, Sithole J,
Idris I. Is diabetes a coronary risk equivalent? Sys-
tematic review and meta-analysis. Diabet Med
2009;26:142-148

25. Saely CH, Aczel S, Marte T, Langer P, Drexel H.
Cardiovascular complications in type 2 diabetes
mellitus depend on the coronary angiographic
state rather than on the diabetic state. Diabeto-
logia 2004;47:145-146

26. Malik S, Budoff MJ, Katz R, et al. Impact of
subclinical atherosclerosis on cardiovascular dis-
ease events in individuals with metabolic syn-
drome and diabetes: the multi-ethnic study of
atherosclerosis. Diabetes Care 2011;34:2285—
2290

27. UK Prospective Diabetes Study Group. Tight
blood pressure control and risk of macrovascular
and microvascular complications in type 2 diabe-
tes: UKPDS 38. BMJ 1998;317:703-713

28. Zoungas S, Chalmers J, Neal B, et al,;
ADVANCE-ON Collaborative Group. Follow-up of
blood-pressure lowering and glucose control in

Diabetes Care Volume 40, August 2017

type 2 diabetes. N Engl J Med 2014;371:1392—
1406

29. Kearney PM, Blackwell L, Collins R, et al.; Cho-
lesterol Treatment Trialists’ (CTT) Collaborators.
Efficacy of cholesterol-lowering therapy in
18,686 people with diabetes in 14 randomised
trials of statins: a meta-analysis. Lancet 2008;
371:117-125

30. National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evalua-
tion, and Treatment of High Blood Choles-
terol in Adults (Adult Treatment Panel IlI).
Third report of the National Cholesterol Ed-
ucation Program (NCEP) expert panel on de-
tection, evaluation, and treatment of high
blood cholesterol in adults (adult treatment
panel Ill) final report. Circulation 2002;106:
3143-3421

20z 14y 60 U0 1s8n6 Aq Jpd'88EZ9LIP/LOSESS/E0L L/8/0/IPd-BI0ILIE/0180/WIO0 IBYOIOA|IS BPEY/:d)IY WO} PAPEC|UMOQ



