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Abstract

Background: The risk of peripheral artery disease (PAD) in patients with diabetes mellitus (DM) and coronary artery
disease (CAD) is an important and inadequately addressed issue. Our aim is to examine the impact of DM on risk of
PAD in patients with different degrees of CAD characterized by coronary angiography (CAG).

Methods: Using nationwide registers we identified all patients aged ≥18 years, undergoing first time CAG between
2000 and 2012. Patients were categorized into DM/Non-DM group, and further classified into categories according
to the degree of CAD i.e., no-vessel disease, single-vessel disease, double-vessel disease, triple-vessel disease, and
diffuse disease. Risk of PAD was estimated by 5-year cumulative-incidence and adjusted multivariable Cox-regression
models.

Results: We identified 116,491 patients undergoing first-time CAG. Among these, a total of 23.969 (20.58%) had DM.
Cumulative-incidence of PAD among DM patients vs. non-DM were 8.8% vs. 4.9% for no-vessel disease, 8.2% vs. 4.8%
for single-vessel disease, 10.2% vs. 6.0% for double-vessel disease, 13.0% vs. 8.4% for triple-vessel disease, and 6.8% vs.
6.1% for diffuse disease, respectively. For all patients with DM, the cox-regression analysis yielded significantly higher
hazards of PAD compared with non-DM patients with HR 1.70 (no-vessel disease), 1.96 (single-vessel disease), 2.35
(double-vessel disease), 2.87 (triple-vessel disease), and 1.46 (diffuse disease), respectively (interaction-p 0.042).

Conclusion: DM appears to be associated with increased risk of PAD in patients with and without established CAD,
with increasing risk in more extensive CAD. This observation indicates awareness on PAD risk in patients with DM,
especially among patients with advanced CAD.

Keywords: Type 2 diabetes mellitus, Peripheral artery disease, Coronary artery disease, Atherosclerosis

Background
Peripheral artery disease (PAD) is characterized as nar-
rowing of the arteries in the upper and lower extremities
arteries [1]. Atherosclerosis is recognized as the most
direct and important cause of PAD, leading to acute or
chronic limb ischemia [2]. PAD is known to be one of
the major complications of diabetes mellitus (DM) [3–6].

The Framingham heart study indicates that 20% of symp-
tomatic PAD patients presents DM [7]. However, as PAD
is mostly asymptomatic, a higher risk of DM in this group
of patients is assumed [8, 9].
Several large population-based studies have indicated

that DM is associated with a two- to four-fold increase
in development of PAD compared to non-diabetic
patients, moreover studies have shown a three- to four-
fold increased risk of mortality in patients with DM and
PAD compared to healthy individuals [10–13]. Addition-
ally, patients with concomitant PAD and DM experience
reduced quality of life and an increase in long-term
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disability and functional impairment [14, 15]. Screening
for PAD is therefore advocated in the international
guidelines [16]. Comparably, the European Association
for the Study of Diabetes recommends annual screening
in all patients regardless of risk factors [17]. Of note,
PAD is associated with substantial increased risk of fatal
and non-fatal cardiovascular and cerebrovascular events,
plausibly due to a greater degree of overall systemic ath-
erosclerosis [18, 19]. Thus, an early detection and timely
treatment of clinical risk factors may contribute in redu-
cing the prevalence and severity of PAD in patients with
DM and coronary artery disease (CAD).
Nevertheless, the association of PAD with respect to

the severity of cardiovascular calcification remains un-
tested, and the impact of DM on development of PAD
in patients with CAD needs further study. With the
present study, we aimed to investigate the association of
cardiovascular calcification with PAD in patients with
and without DM undergoing de novo coronary angiog-
raphy (CAG) in a real-world nationwide setting.

Methods
Study design and data sources
All Danish citizens have a unique and permanent civil
registration number that enables individual-level linkage
across all Danish nationwide registers [20–24]. In the
present study, patients were identified by using the
Danish Heart Registry (DHR), a clinical database con-
taining information on all patients referred for CAG
within the Danish healthcare system [25]. The Danish
National Patient Registry holds information on all in-
patient and out-patient treatments [recorded as Inter-
national Classification of Diseases (ICD) codes] nationwide
since 1978 and was used to retrieve information on comor-
bidities, prior to the CAG procedure date [20]. The Danish
Register of Medicinal Product Statistics (National Prescrip-
tion Register) holds information on all prescribed medicine
dispensed since 1995 according to The International Ana-
tomical Therapeutic Chemical (ATC) classification system
and was used to obtain data on concomitant pharmaco-
therapy. These Danish registers have previously been
shown to be complete and accurate [20, 21]. The present
study is conducted and reported in accordance with the
recommendation of Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) [20].

Inclusion criteria and classification of patients
This present study included all Danish citizens aged
≥18 years, undergoing first-time CAG over a period of
12 years spanning January 1, 2000 to December 31,
2012. Patients with more than one CAG within the
study period were only included at their first appear-
ance only. Moreover, the study subjects were censored
on death, migration, and at the end of study period

(December 31, 2012). The study population was then
segregated into patients with DM and patients without
DM (non-DM) with a further subdivision into five
categories of CAD i.e. no-vessel disease, single-vessel
disease, double-vessel disease, triple-vessel disease, and
diffuse disease. Obstructive coronary artery disease (i.e.
single-, double- or triple-vessel disease) was defined as
one or more epicardial coronary arteries with > 50%
angiographic lumen narrowing, whereas no-vessel disease
was defined as angiographic lumen narrowing (< 50%) in a
single coronary vessel. On the similar lines, patients regis-
tered with diffuse (coronary artery) disease includes those
with diffuse non-significant atherosclerosis in more than
one coronary artery or with non-obstructive (< 50%) lesions
in multiple coronary vessels. Of notice, the degree of vessel
disease was to the discretion of the invasive cardiologist.

Outcome
PAD was the outcome of interest and was defined as all
arterial diseases except the atherosclerotic disease of cor-
onary arteries, aorta, and intracranial arteries. ICD-10
diagnoses codes (DI170, DI73, DI74) were used to iden-
tify patients with PAD. Moreover, the diagnoses of PAD
registered in Danish National Patient Registry are vali-
dated with an over-all positive predictive value of 100%
(CI 92.9–100) [26]. Patients with a history of PAD (n =
7.342) at baseline were excluded from the study cohort
before the study start.

Pharmacotherapy and comorbidity
Baseline pharmacotherapy was defined by dispensed
prescriptions 180 days prior to CAG. Comorbidities
were established based on diagnostic codes recorded in
the National Patient Registry, including atrial fibrilla-
tion, hypertension, vascular disease, renal disease, and
thromboembolism. Hypertension was identified by
either a hospital diagnosis for hypertension, or concurrent
use of at least 2 of the following classes of antihypertensive
agents within a 3-month period: α-adrenergic blockers,
non-loop diuretics, vasodilators, β-blockers, calcium-
channel blockers, and renin-angiotensin system inhibitors.
DHR records information on DM status, body mass index
(BMI), and smoking status on all patients undergoing
CAG. To increase the sensitivity of the exposure group,
we defined DM by use of glucose-lowering agents and a
diagnosis of DM retrieved from DHR and National Pre-
scription Register, respectively. The respective ICD, ATC,
codes for all examined comorbidities and concomitant
medications are presented in Table 1.

Statistical analysis
Baseline characteristics were presented as medians, fre-
quencies and percentages. χ2-test was used to test the
difference between categorical variables and t-test or the
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Kruskal-Wallis test for differences between continuous
variables. The level of statistical significance was set as
p < 0.05. Risk of PAD in 5-years of follow-up, between
the respective subgroups were presented as cumulative
incidence curves with 95% confidence interval (CI)
using the Aalen-Johansen method. Risk-time was consti-
tuted of time since CAG procedure date until an outcome
of PAD occurred. Multivariable Cox proportional-hazard
models adjusted for sex, age, smoking status, BMI, hyper-
tension, and concomitant medication (beta-blockers, vita-
min K antagonist, platelet inhibitors, acetylsalicylic acid,
and cholesterol lowering drugs), were used to estimate
hazard ratios (HR) and confidence intervals of PAD
between subgroups of patients with and without DM.
Patients with no-DM and no-vessel disease were used as
references.
All statistical analyses were performed with SAS statis-

tical software version 9.4 (SAS Institute Inc., Cary, North
Carolina, USA), R statistics (R Core Team, 2016), and
Stata software version 14 (Statacorp, College St., Texas,
USA).

Results
A total of 116,491 patients underwent first-time CAG
between January 1, 2000 and December 31, 2012. Pa-
tients with previous known PAD by the start of the
study (n = 7.342) were excluded. A total of 23,969

(20.58%) were identified with DM. Mean age was 64.31
[IQR 56–73 years], and 63.67% of the identified patients
were male. A flowchart of the study population is illus-
trated in Fig. 1, and baseline characteristics stratified by
the degree of CAD among patients with and without
DM are presented in Table 2.
Table 3 demonstrates number of patients (given in

percentages) with DM and non-DM in categories of
CAD showing a higher percentage of double, triple, and
diffuse-vessel disease among patients with DM, com-
pared to non-DM patients.
The primary endpoint i.e. PAD was diagnosed in 4.737

patients (4.07%) in a 5-year follow-up period with a
higher percentage among patients with DM (6.15%)
compared to non-DM patients (3.53%).
The 5-year cumulative incidence of PAD among DM

patients were 8.8, 8.2, 10.2, 13.0, and 6.8% in no-vessel dis-
ease, single-vessel disease, double-vessel disease, triple-
vessel disease, and diffuse disease, respectively. Whereas,
the corresponding cumulative incidence of PAD among pa-
tients with non-DM were 4.9, 4.8, 6.0, 8.4, and 6.1% in no-
vessel disease, single-vessel disease, double-vessel disease,
triple-vessel disease, diffuse disease, respectively (Fig. 2).
Correspondingly, the age- and sex-adjusted cox regres-

sion models yielded increased hazards of PAD among
DM patients with HR 1.73 (1.59–1.87), 1.91 (1.63–2.24),
2.37 (1.99–2.83), 2.94 (2.57–3.37), and 1.59 (1.28–1.97)
in no-vessel disease, single-vessel disease, double-vessel
disease, triple-vessel disease, and diffuse disease, respect-
ively. On the contrary, hazards of PAD in non-DM patients
were comparably lower with HR 1.0, 1.12 (0.92–1.05), 1.30
(1.17–1.36), 1.77 (1.53–1.72), and 1.36 (0.92–1.06) in no-
vessel disease, single-vessel disease, double-vessel disease,
triple-vessel disease, diffuse disease, respectively. P for inter-
action between DM and degree of CAD, compared to non-
DM was 0.042. Furthermore, the fully adjusted HRs
remained significant, showing an increased risk of PAD in
patients with DM that appears to increase with the severity
of CAD (Table 4).

Discussion
In a nationwide register-based cohort study on all pa-
tients undergoing CAG, DM was observed to be inde-
pendently associated with increasing risk of PAD
dependent on severity of CAD. Moreover, the over-all
associated risk of PAD remained significantly increased
in patients with DM compared to non-DM patients.
PAD is defined as atherosclerosis of the lower extrem-

ity arteries and it is associated with increased risk of
lower extremity amputation and impaired life quality
[27]. Studies have linked this group of patients with a
higher risk of DM [8–10, 28]. DM-associated athero-
sclerosis affects all major vascular beds, including car-
diovascular system and arteries of the lower extremity

Table 1 Overview of ICD, and ATC codes for all examined
comorbidities and concomitant medications

Pharmacological Treatments ATC

Cholesterol-lowering drugs C10A

Acetylsalicylic acid B01AC06

Glucose-lowering agents A10

Vitamin K antagonists B01AA

Digoxin C01AA

Platelet inhibitors B01AC

Hypertension

Α-adrenergic blockers C02A, C02B, C02C, C02DA, C02L,
C03A, C03B, C03D, C03E, C03X,
C07C, C07D, C08G, C09BA, C09DA,
C09XA52, C02DB, C02DD, C02DG,
C07, C07F, C08, C09BB, C09.

Non-loop diuretics

Vasodilators

Β-blockers

Calcium channel blockers

Renin angiotension system
inhibitors

Comorbidity ICD-10

Vascular disease I21 to I22

Atrial fibrillation I48

Thromboembolism I26, I63, I64, I74, G458, G459

Hypertension I10 to I15

Renal Disease N03, N04, N17 to N19, R34, I12, I13
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and thereby contributes to cardiovascular disease burden
and mortality [29]. An estimated 15% of patients with
DM are reported to have PAD within 10 years after the
time they are diagnosed with DM, and the number in-
creases to 45% after 20 years [19]. PAD in patients with
DM causes long-term disability including ischemic ulcer
or gangrene, which ultimately may result in limb ampu-
tations [30]. The American Diabetes Association consen-
sus panel recommends screening for PAD in all DM
patients above the age of 50, or if they have risk factors
such as smoking, dyslipidemia, and hypertension [16].
Although some studies have addressed this subject,

results are based on limited data [18, 31, 32] and larger
population based studies are warranted. We, therefore,
used Danish national registers to examine the risk of
PAD in patients with DM compared to non-diabetics
and its relationship to CAD in a nationwide setting. The
results in the present study confirm previous observa-
tions of an augmented risk of developing PAD in pa-
tients with DM and CAD, compared to patients without
DM [31, 32]. Furthermore, this risk increases by the
severity of CAD in patients with and without DM. How-
ever, in our study patients with diffuse disease in DM
patients appears to have a lower cumulative incidence of
PAD compared to no-vessel disease (Fig. 2). As the

cumulative incidences of an event of interest are calcu-
lated in the presence of a competing risk (e.g. death),
this variance in diffuse disease group could be explained
by the substantial number of patients that die during the
follow-up without experiencing the study outcome.
Moreover, the HRs of PAD in patients with DM who
suffer diffuse disease compared to no-vessel disease are
not significantly different. Also, compared to diffuse and
obstructive coronary artery disease, the proportion of
patients with no-vessel disease was found to be higher in
patients with DM (54%) and non-DM (63%). The degree
of vessel disease recorded in DHR was subject to the dis-
cretion of the invasive cardiologist, which could result in
more patients with borderline angiographic lumen nar-
rowing (i.e. slightly higher than 50%) that are most likely
registered as no-vessel disease. Of notice, patients at risk
of developing CAD (including patients with DM) are
most likely to be referred at earlier course of their dis-
ease, which may also explain a higher proportion of
diffuse, no-vessel or single-vessel disease. Indeed, this
notion is supported by the results demonstrated by Da-
nish Health Authority (Sundhedsstyrelsen) and Danish
Heart Foundation (Hjerteforeningen) indicating an in-
creasing trend in number of coronary angioplasties per
million Danish inhabitants [33].

Fig. 1 Flowchart of selection of study population
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DM is characterized by hyperglycemia, insulin resist-
ance, and dyslipidemia that contribute to development
and progression of PAD, through pathophysiological
mechanisms (e.g. vascular inflammation, endothelial dys-
function, hemostasis dysregulation) similar to those in
CAD [12, 34]. Vascular inflammation is a risk marker of
atherothrombosis, and studies have shown that CAD pa-
tients with an additional diagnosis of PAD have higher
circulating levels of inflammatory biomarkers [9, 35]. In
view of that, the vascular inflammation caused by DM
may play a contributing role in development of PAD by
accelerating the disease process in patients with known
CAD [12]. In addition, choice of glucose-lowering agents

Fig. 2 Cumulative Incidence Curve and patients at risk within 5 years from coronary angiography stratified by degree of CAD in patients with DM
compared to non-DM patients. At risk table represents number of patients at risk of event at given time

Table 3 Percentages of CAD in patients with and without DM

Degree of CAD Non-DM DM

No vessel disease 61.52% 54.80%

Single vessel disease 14.73% 13.85%

Double vessel disease 6.93% 8.81%

Triple vessel disease 7.59% 12.50%

Diffuse vessel disease 9.23% 10.04%
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may have an important impact on the development of
atherosclerotic plaques [36]. Moreover, risk of develop-
ing PAD in patients with concurrent DM and advance
CAD also depend on interplay between factors such as
comorbidities, smoking, obesity, and reduced physical
activity [11]. These factors foster development of athero-
thrombosis and they are often present before the diagno-
sis of DM and worsen in line with the duration of DM
[37]. Moreover, due to the distal territory of vessel in-
volvement and its association with peripheral neur-
opathy, PAD is more commonly asymptomatic in
patients with DM and may present later at a more ad-
vanced stage [38]. Also, the lower resistance to infection
of this group dramatically increases their risk of amputa-
tion compared to non-diabetic patients with PAD [30].
Thus, an early detection and timely treatment of clinical
risk factors may contribute in reducing the prevalence
and severity of PAD in patients with DM and CAD.
Taken together, results from the present study add to

the existing evidence that patients with concurrent DM
and CAD may be at increased risk of developing PAD
and this risk appears to worsen in advance CAD. Clini-
cians should be aware and may want to consider screen-
ing and treatment at early stage to elicit the adverse
outcomes, specifically in high risk population of patients
with DM and CAD. Nevertheless, prospective studies
aimed to explore effects of such outcomes are required.

Strengths and limitations
Large number of unselected patients in a real-world
nationwide setting, completeness of follow-up, and use
of validated measures of exposure and outcome are
among the strengths of the present study. Furthermore,
healthcare in Denmark is equally accessible to all Danish

citizens minimizing confounding by variables associated
with social class. It is our opinion that this large-scale
nationwide study provides a reliable image of the CAG
population under investigation.
There are also several limitations in the study that

must be acknowledged. The observational nature of the
study only allows to establish association and does not
represent cause-and-effect relationships. Moreover, the
subpopulation was identified by using diagnosis from
registers along with data on claimed prescriptions.
Although the registration of data in Danish registers is
thought to be accurate, there might be some limitations
regarding the PAD diagnoses; especially as PAD is
underreported due to the often asymptomatic nature of
the disease. Also, development of neuropathy in patients
with DM often suppresses PAD symptoms leading to
late diagnosis of PAD. In opposite, patients with DM are
followed closely with regularly health checkups that
might lead to earlier detection of PAD. The registries
used in this study do not include information on glyco-
sylated hemoglobin levels and patients with DM man-
aged with diet alone or developing DM during the
follow up period were not identified. To address this
issue, we defined DM by use of glucose lowering agents
and the recorded diagnoses of DM in DHR and National
Prescription Register, respectively. Nevertheless, the re-
sults are only valid for patients with DM requiring
pharmacotherapy at the time of CAG. Moreover, DHR
lacked information on various clinical parameters in-
cluding thorough data on the luminal diameter and pre-
cise extent of coronary artery stenosis (in percentage).

Conclusion
In this observational nationwide study of patients under-
going CAG, DM was associated with increased risk of
PAD in patients with and without established CAD.
Additionally, we observed increasing risk of PAD with
more extensive CAD. Further studies are warranted to
support these findings.
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