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Purpose: Cardiovascular mortality remains high among patients with diabetes compared
with the general population. The primary aim was to evaluate the interest in and demand for
advanced cardiovascular screening in patients with diabetes; the secondary aim was to
explore its efﬁciency in detecting unprotected subclinical cardiovascular disease (CVD).
Patients and Methods: In a cross-sectional design, randomly selected 40–60-year-old men
and women with diabetes were invited to the screening trial. Screening encompassed (1)
a comprehensive medical interview; (2) non-contrast computed tomography scanning to
quantify coronary artery and aortic valve calciﬁcation, to measure left atrial size, to assess
heart rhythm and to detect aortic and iliac dilatations; (3) ankle and brachial blood pressure
measurements; and (4) blood and urine samples for measurements of HbA1c, lipid proﬁle,
renal function, NT-pro B-type natriuretic peptide (pro-BNP) and albuminuria. Primary outcome was participation rate; secondary outcome was rate of unprotected subclinical CVD.
Results: Of 465 invited patients, 191 (41.1%) attended screening. The participation rate was
40% (95% CI:33–47) for males and 42% (95% CI:36–48) for females. Twenty-four patients
were excluded due to previous CVD. The remaining patients’ mean age was 52 years; 58%
were males. Subclinical CVD was found in 64%, with a male preponderance (males 75%
(95% CI:66–83; females 49% (95% CI:37–60)). Presence of severe coronary artery calciﬁcation (score ≥ 400) showed a male preponderance (males 19% (95% CI:12–27); females 7%
(95% CI:3–16)). Aortic valve calciﬁcation, enlarged left atrial volume, atrial ﬁbrillation,
aortic dilatations, peripheral artery disease or increased pro-BNP were uncommon, and
without any sex differences. Unprotected subclinical CVD was very common, and medical
treatment was intensiﬁed in 60% (95% CI:53–68) of patients.
Conclusion: We propose a feasible cardiovascular screening examination from which
middle-aged patients with diabetes may beneﬁt. However, the participation rate may be too
low to warrant screening.
Keywords: diabetes, cardiovascular disease, screening, risk factors, coronary artery
calciﬁcation, CT scanning
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Large-scale studies have reported a 3-fold higher mortality and a considerably
shorter life expectancy in persons with type 2 diabetes (T2D) than in healthy
persons.1 This is primarily due to an increased incidence of cardiovascular disease
(CVD).2,3 Several attempts have been made to target CVD risk factors; however,
clinical outcomes have only rarely been successful.4 Even though all persons with
T2D are recommended a healthy lifestyle, a recent clinical trial with 8.5 years of
lifestyle intervention found no decrease in CVD incidence despite a signiﬁcant
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reduction in several CVD risk factors.5,6 The same
disappointing observation applies to treatment of hyperglycemia. Hence, the use of intensive therapy to target
a near-normal HbA1c level does not decrease CVD risk.7
Statin therapy is recommended in most cases, but the
optimal antithrombotic treatment has not been established;
nor are optimal blood pressure targets unanimously
deﬁned.8 Thus, we see an unmet need for other approaches
to identify and treat persons with T2D at risk of CVD.
Coronary artery calciﬁcation (CAC) is easily detectable
by cardiac non-contrast CT scanning. This method is highly
speciﬁc of an underlying subclinical atherosclerotic coronary
artery disease. In the general population as well as in patients
with diabetes, the extent of CAC is signiﬁcantly associated
with an increased risk of CVD.9 Interestingly, one-third of
persons with T2D have no CAC and harbour a risk of CVD
close that of the general population.10,11 Conversely, a large
number of persons with T2D suffer from silent, undiagnosed
signiﬁcant coronary artery disease (CAC score above 400).
They have ﬁve times higher mortality rates than the general
population.12 Therefore, CAC score measurements may be
useful for optimizing CVD risk stratiﬁcation by identifying
persons with undiagnosed disease, who should receive intensiﬁed preventive treatment, and to identify low-risk persons
in whom a healthy lifestyle should be sufﬁcient.
The dual aim of this pilot study was, ﬁrstly to evaluate
the interest in and demand for advanced cardiovascular
screening in patients with diabetes; secondly to explore its
efﬁciency in detecting unprotected subclinical CVD.

Patients and Methods
This is a cross-sectional observational study of randomly
included 40–60-year-old females and males with diabetes
and living in the municipalities of Middelfart, Assens,
Kerteminde, Odense and Bogense in Denmark. The
patients were identiﬁed through the Odense University
Pharmacoepidemiological Database (OPED).13 Diabetes was
deﬁned as collecting antidiabetic treatment (ATC code A10) at
a pharmacy during the period from 1 November 2016 to
31 October 2017. In Demark, all citizens have a unique civil
registration (CPR) number. This number is used when dispensed medication is collected at a pharmacy. OPED contains
data on reimbursed prescriptions from the above municipalities
and the CPR number of the person to whom the medicine is
prescribed. Invited to participate in the study were all patients
with T2D born from the 1st to the 9th day in all months of
the year. No exclusion criteria were applied. Non-responders
were re-invited after three months. The screening examination
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was performed at Odense University Hospital from
October 2018 to February 2019. All participants signed
informed consent forms on the day of screening. The project
was approved by the Southern Denmark Region Committee on
Health Research Ethics (S-20180066) and the Danish Data
Protection Agency (18/40178).

Invitation and Booking
Patients were invited as previously described in the Danish
Cardiovascular Screening Trial (DANCAVAS).14 In brief,
patients received an electronic letter of invitation with
information about the screening program. If interested,
an appointment was booked online or by phone or
e-mail. The interest in and demand for the screening
programme was evaluated in terms of participation rate.

Screening Sessions
Screening examinations were arranged at 10-minute intervals and encompassed:

A Medical Interview
The interview was based on a thorough review of
a questionnaire sent to prospective participants along
with the screening invitation. The questionnaire addressed
the following issues: 1) Duration of diabetes, diabetes
type, diabetic complications and medical treatment (classiﬁed as metformin, insulin, SGLT2 inhibitors, GLP-1
receptor agonists, DPP-4 inhibitors and others). 2)
Quality of life (Eur-QoL 5D). 3) Family history of diabetes and CVD. 4) Prior CVD (stroke, myocardial infarction, coronary revascularisation, heart valve surgery,
aneurysm or peripheral artery disease). 5) Smoking and
alcohol use. 6) Symptoms from chest and lower extremity
(dyspnoea, palpitations or pain). 7) Use of other medication (classiﬁed as thrombocyte aggregation inhibitors,
anticoagulant, lipid-lowering drugs, thiazides, β-blockers,
angiotensin-converting-enzyme inhibitor, angiotensin II
receptor blockers, calcium blockers, potassium-saving
diuretics, loop diuretics and others).

A Whole-Body Non-Contrast CT Scanning
The scanning was performed to quantify coronary artery
and aortic valve calciﬁcation, to measure left atrial size, to
assess heart rhythm and to detect aortic and iliac dilatations or aneurysms. After training and evaluation, the
radiographers assessed CAC, heart rhythm and aneurysms,
while a research assistant assessed aortic valve calciﬁcation and left atrial size. All measurements were performed
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blinded to patient characteristics. The CT scan protocol
has been published previously.15 Radiation dose during
whole-body CT scanning was on average 4.7 mSv and
without any sex difference.
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Ankle and Brachial Blood Pressure
Blood pressure was measured to detect peripheral artery
disease and hypertension. The method has been published
previously.15

Blood and Urine Samples
Samples were obtained to measure HbA1c, lipid proﬁle,
renal function, NT-Pro B-type natriuretic peptide (proBNP) and microalbuminuria.

Subclinical Cardiovascular Disease
Subclinical CVD was deﬁned as described below.

Coronary Artery Calciﬁcations
The Agatston method was used to calculate the CAC
score. A CAC score above the age and sex-speciﬁc median
was regarded as abnormal. The CAC score was categorised based on commonly used cut-points indicating
atherosclerotic plaque burden: 0 (none), 1–99 (mild),
100–399 (moderate) and ≥400 AU (severe).9,12

Atrial Fibrillation
If the P waves were missing or the rhythm was irregular
during CT scanning, atrial ﬁbrillation was suspected; and
conﬁrmed or rejected by a subsequent ECG or occasionally by seven days of Holter monitoring.

Heart Failure
Pro-BNP is a sensitive marker of congestive heart
failure.16 In the present study, patients with pro-BNP
values above 125 pg/mL were referred to echocardiography to conﬁrm or deny heart failure.

Aneurysms
Aortic/iliac dilatations or aneurysms were deﬁned as
ascending aorta ≥50 mm, arcus aorta ≥45mm, descending
aorta ≥35mm, abdominal aorta ≥30mm or a common iliac
artery ≥20mm.14

Peripheral Artery Disease
Peripheral artery disease was deﬁned as an ankle-brachial
index of 0.9 or less, or at least 1.4.14

Aortic Valve Calciﬁcation
Aortic valve calciﬁcation measured by CT scan has been
documented to be an early marker of aortic valve stenosis
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and has recently been approved by the European Society
of Cardiology for assessment of aortic stenosis.17
Reference values are so far not applicable, but in the
present study we considered values ≥300 AU of
signiﬁcance.18

Left Atrial Size
Left atrial size measured by echocardiography is an important marker of congestive heart failure.19 We have recently
evaluated a CT-based method for measuring left atrial
size,20 but so far reference values are not applicable. In
the present study, we, therefore, considered a left atrial
size outside the 95% conﬁdence interval (CI) as enlarged.
Left atrial size was adjusted by body surface area.

Unprotected Subclinical Cardiovascular
Disease
The possible beneﬁt of the screening programme was
evaluated in terms of detecting unprotected subclinical
CVD. Patients with increased CAC score, aneurysm or
peripheral arterial disease were invited to a consultation
conducted by a study nurse; and acetylsalicylic acid
(75 mg daily) and atorvastatin (80 mg daily) were prescribed if not already initiated. Patients with HbA1c above
individual target (Appendix, Table A) and a CAC score
≥100, peripheral artery disease, atrial ﬁbrillation or high
LDL (≥3.0 mmol/L despite maximal lipid-lowering therapy) were invited to a consultation conducted by
a cardiologist and an endocrinologist; and Empagliﬂozin
(10 mg daily), Semaglutid (initially 0.25 mg weekly),
Rivaroxaban (20mg daily) and/or a PCSK9 inhibitor
were initiated if necessary. Echocardiography was performed in case of prior unknown atrial ﬁbrillation or
unexplained, increased pro-BNP. Patients with an aneurysm were referred to surgery or routine follow-up scanning according to guidelines. Patients and their general
physician received a written report with selected test
results; and hereafter, future medical treatment was
planned at the discretion of the patient’s family physician.

Statistical Analysis
Demographic data are reported as numbers and corresponding percentages (95% CI), mean ± standard deviation (SD) or median with Q1 and Q3. Patients were
stratiﬁed and analysed according to sex and risk group
allocation. Risk group allocation was based on the number
of risk factors outside the target range: smoking (being
a current smoker at study entry), systolic and diastolic
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blood pressure (cut-off value ≥130 mm Hg for systolic
blood pressure or ≥80 mmHg for diastolic blood pressure),
HbA1c (cut-off value ≥ individual HbA1c target), LDL
(cut-off value ≥2.6 mmol/l) and albuminuria (cut-off
value ≥30 mg/L).21 The association between subclinical
CVD and baseline variables was investigated by univariate
and multivariate multiple logistic regression analysis. The
independent variables included in the model were number
of risk factors, age, sex, diabetes duration, diabetes type,
Body Mass Index (BMI), family history of CVD and
eGFR. In the multiple regression model, age or diabetes
duration were included as their interaction is obvious. All
the remaining variables were forced into the model, as
they are known to be associated with CVD. A negative
binomial regression model was performed using the count
of subclinical CVD ﬁndings as the dependent variable.
Analyses were performed using Stata (StataCorp. 2017.
Stata Statistical Software: Release 15.1 College Station,
TX: StataCorp LLC).

Overall

Women

Men

Number of participants

167

70

97

Age, years

52 (±5)

52 (±6)

53 (±8)

Type 2 diabetes

137 (82%)

61 (87%)

76 (78%)

Duration of diabetes

9 (4–15)

9 (4–14)

9 (4–15)

Quality of life

75 (60–80)

70 (50–80)

75 (60–85)

Body Mass Index, kg/m2

33 (±6)

34 (±7)

32 (±6)

Family history of CVD

39 (23%)

25 (36%)

14 (14%)

68 (41%)

26 (37%)

42 (43%)

56 (34%)

22 (31%)

34 (35%)

43 (26%)

22 (31%)

21 (22%)

Smoking Status

● Non-smokers
● Former smokers
● Active smokers
Blood Pressure

● Systolic, mmHg
● Diastolic, mmHg
● High blood pressure

145 (±17)

144 (±20)

146 (±15)

83 (±9)

83 (±9)

83 (±8)

151 (90%)

61 (87%)

90 (93%)

55 (±14)

55 (±13)

56 (±15)

90 (54%)

38 (55%)

52 (54%)

HDL, mmol/L

1.3 (±0.4)

1.4 (±0.4)

1.2 (±0.4)

LDL, mmol/L

2.2 (±0.8)

2.2 (±0.9)

2.3 (±0.8)

51 (32%)

17 (26%)

34 (37%)

HbA1c, mmol/mol

● HbA1c > individual goal

● ≥2.6 mmol/L

Results
A total of 465 patients were invited; 41% (95% CI:37–46)
attended screening. The participation rate was 40% (95%
CI:33–47) for females, 42% (95% CI:36–48) for males.
Twenty-four patients were excluded from further analysis
due to previous CVD, leaving a study group of 167
patients with diabetes. Baseline characteristics of the participants are presented in Table 1. Their mean age was 52
years, and 97 (58%) were males. Apart from family history of CVD and HDL values, no gender differences were
observed. Median duration of diabetes was 9 years (Q1-Q3:
4–15 years), and 137 (82%) had T2D. Mean HbA1c was 55
mmol/mol; mean BMI was 32.9 kg/m2. Statins and antihypertensive drugs were used by approx. 60%; antithrombotics by 10%. Metformin was used by 72%; insulin
by 31%; and SLGT-2i, GPL-1a or DPP-4i by 11–13%.
Among participants, 60 (36%) patients had no subclinical CVD, while 107 (64%) had subclinical CVD which
showed a male preponderance (males 75% (95%
CI:66–83); females 49% (95% CI:37–60)) (Table 2).
Sixty-eight (41%) patients had no CAC (27% (95%
CI:19–36) of all males; 61% (95% CI:49–72) of all
females). The presence of heavily calciﬁed coronaries
(CAC score ≥ 400) was more frequent among males
(19% (95% CI:12–27)) than among females (7% (95%
CI:3–16)). Aortic valve calciﬁcation, enlarged left atrial
volume, aortic aneurysms, atrial ﬁbrillation, peripheral
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Total cholesterol, mmol/L

4.4 (±1.0)

4.5 (±1.1)

4.4 (±0.9)

eGFR, mL/min

94 (±16)

94 (±17)

93 (±16)

● <60 mL/min

9 (5%)

3 (4%)

6 (6%)

6 (0–17)

7 (0–15)

5 (0–19)

33 (20%)

12 (17%)

21 (22%)

102 (61%)

46 (66%)

56 (58%)

102 (61%)

41 (59%)

61 (63%)

17 (10%)

5 (7%)

12 (12%)

Non-medical

8 (5%)

6 (9%)

2 (2%)

Metformin

120 (72%)

51 (73%)

69 (71%)

Insulin

52 (31%)

20 (29%)

32 (33%)

SLGT-2i

19 (11%)

9 (13%)

10 (10%)

GPL-1a

21 (13%)

13 (19%)

8 (8%)

DPP-4i

21 (13%)

10 (14%)

11 (11%)

Microalbuminuria, mg/L

● ≥30 mg/L
Preventive Treatment

● Statin
● Antihypertensive
● Antithrombotic
Antidiabetic Treatment

●
●
●
●
●
●

Notes: Numbers are n (%), mean (±SD), median (quartile 1 – quartile 3). p-value
for difference between women and men.
Abbreviations: CVD, cardiovascular disease; DPP-4i, dipeptidyl peptidase 4 inhibitors; HbA1c, haemoglobin A1c; HDL, high-density lipoprotein; GPL-1a, glucagonlike peptide-1 receptor agonists; LDL, low-density lipoprotein; eGFR, estimated
glomerular ﬁltration rate; SD, standard deviation; SGLT-2i, sodium-glucose cotransporter-2 inhibitors.

artery disease or increased pro-BNP were quite uncommon, and without any sex differences.
Regarding the number of risk factors outside the target
range, 26% were current smokers, while 34% were former
smokers; 90% had increased blood pressure; 54% had HbA1c
above the individual target; and 32% had increased LDL,
while 20% had micro- or macro-albuminuria. Only six
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Table 2 Subclinical Cardiovascular Disease Among Females and
Males
Overall

Females

Males

No of participants

167

70

97

Any subclinical cardiovascular ﬁnding

107 (64%)

34 (49%)

73 (75%)

1. CAC score above expected

68 (70%)

95 (57%)

27 (39%)

0, AU

68 (41%)

42 (61%)

26 (27%)

1–99, AU

51 (31%)

15 (22%)

36 (37%)

100–399, AU

24 (14%)

7 (10%)

17 (18%)

≥400, AU

23 (14%)

5 (7%)

18 (19%)

2. Aortic aneurysms

2 (1%)

0

2 (2%)

3. nAtrial ﬁbrillation

6 (4%)

3 (4%)

3 (3%)

4. Peripheral artery disease

11 (7%)

2 (3%)

9 (9%)

5. pro-BNP ≥125 pg/mL

12 (7%)

7 (10%)

5 (5%)

6. Aortic valve calciﬁcation score ≥300AU

5 (3)

2 (3%)

3 (3%)

7. Signiﬁcantly enlarged left atrial volume

6 (4%)

3 (4%)

3 (3%)

●
●
●
●

Notes: Numbers are n (%). p-value for difference between women and men.
Abbreviations: CAC, coronary artery calciﬁcation; AU, arbitrary unit; pro-BNP,
NT-Pro B-type natriuretic peptide.

patients had no cardiovascular risk factors besides diabetes,
and therefore we collapsed the patients with zero or one risk
factor into one group. No patients had all ﬁve risk factors
outside the target range. Accordingly, patients were allocated

to one of four risk groups. When stratifying patients for
analyses according to these four risk groups, we saw
a slight variation; but, generally, presence of subclinical
CVD within a risk group was distributed in the same range
as for the overall analysis (Table 3). This was also the case for
each of the individual ﬁndings. The CAC score was above
the expected level in 57% (95% CI:41–71) of patients with
zero or one risk factor, and in 39% (95% CI: 20–61) of
patients with four risk factors. Opposite this, 41% (95%:27–57) of patients with zero or one risk factor had no CAC, while
this was the case in 56% (95% CI:34–75) of patients with
four risk factors. In the multivariate regression analyses, only
diabetes duration (OR=1.11 per year; 95% CI:1.04–1.18),
T2D as opposed to T1D (OR=14.9; 95% CI:2.9–76.5) and
male sex (OR=4.41; 95% CI:2.06–9.46) were associated
with subclinical CVD, while BMI, family history of CVD,
eGFR and number of risk factors were not (Table 4). In
a supplementary negative binomial regression model including number of subclinical CVD as dependent variable, we
found no differences.
As shown in Table 5, prescriptions of medical treatment
were similar between patients with and without subclinical
CDV; this was also the case for CAC score groups
(Appendix, Table B). At the follow-up consultations, medical
treatment was intensiﬁed in 60% (95% CI:53–68) of patients.

Table 3 Subclinical Cardiovascular Disease According to the Number of Risk Factors Outside Target Range
Number of Risk Factors* Outside Target Range
0 or 1

2

3

4

No of participants

37

62

49

19

Any subclinical cardiovascular ﬁnding

25 (68%)

39 (63%)

32 (65%)

11 (61%)

1. CAC score above expected
● 0, AU

21 (57%)

36 (58%)

31 (63%)

7 (39%)

15 (41%)

25 (40%)

18 (37%)

10 (56%)

13 (35%)
5 (14%)

21 (34%)
8 (13%)

12 (24%)
9 (19%)

5 (28%)
2 (11%)

4 (11%)

8 (13%)

10 (20%)

1 (6%)

2. Aortic aneurisms

0

2 (3%)

0

0

3. Atrial ﬁbrillation

1 (3%)

1 (2%)

2 (4%)

2 (11%)

4. Peripheral artery disease

1 (3%)

4 (6%)

2 (4%)

4 (21%)

5. pro-BNP ≥125 pg/mL

4 (11%)

5 (8%)

1 (2%)

2 (11%)

6. Aortic valve calciﬁcation score ≥300 AU

2 (5%)

3 (5%)

0

0

7. Signiﬁcant enlarged left atrial volume

0

3 (5%)

3 (6%)

0

● 1–99, AU
● 100–399, AU
● ≥400, AU

Notes: Numbers are n (%). p-value for difference between females and males. *Current smoker, systolic blood pressure ≥130 mm Hg or diastolic
blood pressure ≥80 mmHg, HbA1c ≥ individual HbA1c target, LDL ≥ 2.6 mmol/l, and microalbuminuria.
Abbreviations: CAC, coronary artery calciﬁcation; AU, arbitrary unit; pro-BNP, NT-Pro B-type natriuretic peptide.
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Table 4 Univariate and Multivariate Logistic Regression.
Associations Between Presence of Subclinical Cardiovascular
Disease and Various Cardiovascular Risk Factors
Univariate
Analysis

Multivariate
Analysis

OR

95% CI

OR

95% CI

Number of risk factors*

0.90

0.65–1.23

0.90

0.63–1.29

outside target range
Age, years

1.11

1.04–1.19

Male sex

3.22

1.67–6.22

4.41

2.06–9.46

Diabetes duration, years
Type 2 diabetes vs type 1

1.03
1.23

0.995–1.06
0.55–2.78

1.11
14.9

1.04–1.18
2.91–76.48

Body mass index, kg/m2
Family history of CVD

0.99
0.87

0.94–1.04
0.41–1.82

1.01
1.51

0.95–1.07
0.64–3.58

eGFR, mL/min

0.98

0.96–1.002

0.98

0.96–1.01

diabetes

Notes: *Current smoker, systolic blood pressure ≥130 mm Hg or diastolic blood
pressure ≥80 mmHg, HbA1c ≥ individual HbA1c target, LDL≥2.6 mmol/l, and
microalbuminuria.
Abbreviations: CVD, cardiovascular disease; eGFR, estimated glomerular ﬁltration rate.

Table 5 Baseline Treatment and Subclinical Cardiovascular Disease
Subclinical Cardiovascular Disease

No of participants
Preventive Treatment
● Statin

● Antihypertensive
● Antithrombotic
Antidiabetic Treatment
● Non-medical

●
●
●
●
●

Metformin
Insulin
SLGT-2i
GPL-1a
DPP-4i

No

Yes

60

107

34 (57%)
31 (52%)

68 (64%)
71 (66%)

4 (7%)

13 (12%)

2 (3%)

6 (6%)

40 (67%)
19 (32%)

80 (75%)
33 (31%)

7 (12%)

12 (11%)

9 (15%)
6 (10%)

12 (11%)
15 (14%)

Note: Numbers are n (%).
Abbreviations: DPP-4i, dipeptidyl peptidase 4 inhibitors; GPL-1a, glucagon-like
peptide-1 receptor agonists; SGLT-2i, sodium-glucose cotransporter-2 inhibitors.

Empagliﬂozin or Semaglutide were prescribed to 15 patients
(9%), aspirin to 86 (52%), Rivaroxaban to 4 (2%), atorvastatin to 93 (56%) and PCSK9 inhibitor to 1 (<1%). Thirteen
(8%) patients were referred for echocardiography, and 2
(<1%) were offered surveillance due to aortic dilatations.

Discussion
In this study, patients with T2D seem not to demand or
recognise the need for a cardiovascular screening examination
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as their participation rate was very low. According to the
WHO, for a screening program to be effective, its participation
rate should exceed 70%. Thus, the poor participation rate in
the present study reﬂects the presence of potential barriers that
must be overcome to ensure high screening efﬁciency. We
have recently completed patient inclusion in the large-scale
randomized screening trial, DANCAVAS, which included
men aged 65–74 years from the general population.14 The
screening examination was similar to the one performed in the
present study, but the participation rate was signiﬁcantly
higher (16,768 were invited and 10,471 attended; participation
rate 62.4%). The poor participation rate in the present study
may be explained by sub-optimal self-care among patients
with diabetes albeit self-care is essential as it has been found to
correlate positively with fewer complications and better quality of life.22 Poor self-care may be due to social deprivation
including low socio-economic status. Unfortunately, in the
present study, we have no data from non-participants allowing
us to determine if participants differ from the non-participants
in this respect. However, we do believe that a number of the
participants in the present study may have reduced self-care,
as evidenced by the fact that a signiﬁcant proportion had an
HbA1c level above their individual target as well as high blood
pressure and elevated LDL. Of notice, almost half of the
patients were not in antihypertensive and lipid-lowering treatment. Additionally, the majority were obese, and one-fourth
were smokers; factors that have also generally associated with
low socio-economic status. Finally, we also found a relatively
poor quality of life. This is a pilot study, and before conducting
a large-scale trial, we may need to evaluate how to improve
attendance rate. One strategy for improving enrolment may be
to strengthen patients’ involvement, which has been shown to
impact participation rate in screening trials.23
In the clinic, physicians evaluate traditional risk factors
before prescribing preventive medical treatment. In our
study, we found a signiﬁcant number of unprotected
patients despite subclinical CVD. Moreover, we found no
difference in preventive treatment between those with and
those without subclinical CVD. This is very unfortunate,
but may be explained by the lack of association between
traditional risk factors and subclinical CVD. We, therefore,
intensiﬁed preventive medical treatment in the majority of
our patients. These ﬁndings suggest that some patients
might beneﬁt from a CVD screening examination.
A more comprehensive screening examination may, therefore, help optimize risk stratiﬁcation by distinguishing
those with subclinical CVD who should receive intensiﬁed
treatment from low-risk persons in whom a healthy
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lifestyle should be sufﬁcient to counteract subclinical
CVD. However, our study is not a randomised intervention
trial; thus, the efﬁcacy of the screening cannot be
demonstrated.
A number of small randomised CVD screening and
intervention trials including patients with diabetes have
presented conﬂicting ﬁndings.24–28 Two systematic
reviews including approx. 3300 patients reported
a quite similar relative risk reduction from screening of
0.73 (95% CI 0.55–0.97) and 0.72 (95% CI 0.49–1.06),
respectively.29,30 Numerous reasons may explain the disappointing results of these screening trials. First, the
wrong screening tool may have been used. Hence, three
studies used exercise electrocardiogram for screening
which is now considered unsuitable. Second, the wrong
intervention may have been used. The ﬁve trials intended
to detect asymptomatic diabetics with coronary stenosis
and to revascularize patients. It has since been established that revascularization is not indicated in asymptomatic patients.31 Third, event rates may have been low
and the studies accordingly underpowered. In our pilot
study, we aimed to address the above limitations. As
screening tool, we used non-contrast CT to measure
CAC score, among others. CAC score has a high sensitivity, also in asymptomatic patients with diabetes, and it
is a strong and independent predictor of future CVD.
Another advantage of CAC score measurement is that
it is cost-effective compared with other non-invasive
examinations. However, the radiation dose may give
rise to some concerns. We prescribed preventive medical
treatment as the intervention of choice, which has been
demonstrated to cause clinically relevant reductions in
cardiovascular risk, with hazard ratios between 0.72 and
0.88.32–36 However, before a large-scale randomised
clinical trial is launched we need to address the problem
of low attendance consider the low attendance rate.

Strengths and Limitations
A number of important limitations to this study must be
acknowledged. 1) We aimed to invite random patients with
diabetes to the screening trial. To ensure a high external
validity, the patients were therefore identiﬁed in the general population. However, the participation rate was very
low, which introduces a strong selection bias. This bias
must be overcome in the future to ensure continued use of
cardiovascular screening examinations among diabetics. 2)
A prescription database was used to identify patients
redeeming antidiabetic medical treatment (deﬁned as
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ATC code A10) within the past year. This entailed some
limitations. First, as some non-diabetics are also treated
with ATC A10 (like Metformin, which is used to treat
insulin resistance seen in polycystic ovary syndrome), the
invitation may have reached a number of patients who did
not belong to the target group, thereby contributing to
a low participation rate. Second, patients only treated
with lifestyle intervention, like diet and exercise, did not
receive an invitation, as they were not included in the
prescription database. 3) The low number of patients
entails a low precision of several of our estimates. Even
so, we found that a screening examination may be useful
for targeting otherwise unprotected high-risk patients who
would beneﬁt from preventive medications. 4) Patient
groups with high morbidity and mortality, like patients
with high CAC, may be subject to more systematic underrepresentation because of the cross-sectional design of the
present study than would have been the case if a cohort
design had been used. This could explain the low predictive value of well-established cardiovascular risk factors in
our study. On the other hand, since we aimed to describe
the expected characteristics of enrolees in a screening
endeavour rather than to identify cardiovascular risk factors, our use of a cross-sectional design could be viewed as
a strength as well. 5) Blood pressure was measured as part
of the ankle-brachial index measurement. This is stressful
and may have caused a falsely increased blood pressure in
a number of patients. Accordingly, some patients may
have been misclassiﬁed as having a risk factor.

Conclusion
In this pilot study, we propose a feasible screening trial.
A large proportion of patients had subclinical CVD, but
remained unprotected. Although this is not an outcome
trial, these patients may beneﬁt from screening as evidenced by the post-intervention intensiﬁed medical preventive treatment. These ﬁndings suggest the merits of
imaging-based screening and a more individualised
approach in treatment of patients with diabetes. However,
the low participation rate represents a problem, and further
studies should evaluate how to improve attendance before
a large-scale randomised screening trial is conducted.
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