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Coronary artery disease (CAD), a leading cause of morbidity 

and mortality, is a signi�cant global health challenge [1]. 

D i a b e t e s  m e l l i t u s  i s  a s s o c i a t e d  w i t h  c h r o n i c 

hyperglycemia, which is a well-established risk factor for 

the development and advancement of coronary artery 

disease (CAD) [2]. Diabetics are more likely to develop CAD 

and have more diffuse and severe coronary lesions. After 

CAD symptoms appear, diagnostic and treatment 

approaches are expensive. East Java lacks MSCT, MRI, and 

nuclear imaging capabilities in the age of sophisticated 

cardiac imaging. Offering the identi�cation of risk factors 

and early detection of coronary artery disease (CAD) using 

DOI: https://doi.org/10.54393/pjhs.v4i10.1112
Khalil M et al.,

Duke Treadmill Score Predicts Coronary Artery Disease Severity in Diabetics and 
Non-Diabetics

1* 1 2 3 1Muhammad Khalil , Muhammad Sha�que Arshad , Asma Zafar Khawaja , Iffat Aqeel , Hidayatullah , Mahboob Ur 
1 1 1Rehman , Sumeet Kumar  and Shoaib Ahmed

¹Department of Cardiology, Pakistan Institute of Medical Sciences (PIMS), Islamabad, Pakistan

²Department of cardiology, Armed Forces Institute of Cardiology (AFIC), Rawalpindi, Pakistan

³Department of Cardiology, Shalamar Institute of Health Sciences, Lahore, Pakistan

a reliable and uncomplicated method is of utmost 

importance, even before any clinical symptoms occur. 

Current CAD diagnosis and treatment recommendations 

are based on strati�ed risk [3]. One example of such a 

system is the Framingham risk model, which was 

constructed utilizing a range of risk variables [4]. It does 

not predict CAD severity or schedule invasive and 

noninvasive tests. Ischemic heart disease patients' 

Coronary artery count and prognosis may be estimated 

using the Duke treadmill score (DTS). DTS also correlates 

strongly with coronary lesion severity determined by 

Syntax value [5]. Before performing coronary angiography, 
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I N T R O D U C T I O N

Coronary artery disease (CAD) is a signi�cant cause of mortality and morbidity on a global scale. 

The Duke Treadmill Score (DTS) is a clinical evaluation that uses exercise stress testing to 

determine the severity of coronary artery disease (CAD). Objective: This study was to see how 

well DTS predicted the severity of CAD in diabetic and non-diabetic individuals. Methods: A 

prospective cohort study was conducted in the Department of Cardiology, PIMS, Islamabad, 

from March 2023 to September 2023. Total 450 patients were separated into diabetes (225) and 

non-diabetic (225) groups. Diabetes was diagnosed using American Diabetes Association 

criteria. The validated DTS scores exercise duration, ST-segment deviation, and angina 

symptoms to predict severe CAD. -11 or above is high risk, -10 to +4 is moderate, and +5 or more is 

low risk. Results: A study of 450 patients comprised 282 (62.6%) male and 168 (37.3%) female, 

with an average age of 58.4±13.2years. On coronary angiography, 170 diabetics (75.6%) and 130 

non-diabetics (57.8%) had substantial CAD. Hypertension was 52.9% in diabetics and 49.3% in 

non-diabetics (p=0.920). Diabetics had 10.6% dyslipidemia and non-diabetics 9.3% (p=0.058). 

Conclusions: DTS may predict CAD severity in diabetics and non-diabetics, according to one 

study. Diabetes is a key risk factor for CAD, and DTS may aid in risk estimation. DTS �ndings and 

CAD risk assessment may potentially be affected by patient characteristics, exercise capacity, 

and treadmill technique. 
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M E T H O D S

DTS could determine the degree and existence of CAD. It 

can also identify the kind of revascularization that will be 

necessary after the operation [6]. Gabaldo et al., [7] 

detected substantial coronary lesions or weight in all high-

risk DTS patients. 50%-90% of moderate- and mild-risk 

DTS patients had no large coronary lesions. High-risk DTS 

scores need emergency coronary angiography. Clinicians 

might use this study to improve risk strati�cation and 

clinical decision-making for CAD patients, particularly 

diabetics. An important element of cardiovascular care, 

accurate risk assessment may help CAD patients get early 

treatment and better results. Our research at Territory 

Care Hospital examined how DTS predicts CAD severity in 

diabetic and non-diabetic individuals.

R E S U L T S

A prospective cohort study was conducted in the 

Department of Cardiology, PIMS, Islamabad, from March 

2023 to September 2023. 450 patients were separated into 

diabetes (225) and non-diabetic (225) groups. Diabetes was 

diagnosed using American Diabetes Association criteria. 

Symptom-limited exercise treadmill tests utilizing the 

Duke Treadmill Score (DTS) methodology was performed 

on all patients. The validated DTS scores exercise duration, 

ST-segment deviation, and angina symptoms to predict 

severe CAD. -11 or above is high risk, -10 to +4 is moderate, 

and +5 or more is low risk. This study included participants 

aged 18 and above who could do the treadmill test and were 

diagnosed with diabetes using American Diabetes 

Association criteria. Non-diabetic patients were also 

included and age and gender matched to the diabetes 

group. This study excluded patients with a history of 

coronary artery bypass graft surgery or percutaneous 

coronary intervention, heart failure, valvular heart disease, 

cardiomyopathy, chronic kidney disease or end-stage renal 

disease, peripheral arterial disease, stroke or transient 

ischemic attack, malignancy, and incomplete or missing 

data. These criteria were used to ensure that the study 

population had suspected coronary artery disease and that 

no confounding factors affected the results. The study's 

sample size was determined using the formula n = (Zα/2) ̂ 2 

* p * (1-p) / d^2, where n represents the required sample 

size, Zα/2 denotes the crucial value for the desired 

con�dence level, p represents the estimated proportion of 

severe CAD patients, and d represents the intended margin 

of error.   Prior research estimated that 50% of persons 

suffer from signi�cant coronary artery disease (CAD). The 

speci�ed error margin was 5%. The sample size consisted 

of 384 patients, using these speci�c variables. The 

research included a total of 450 patients in order to 

account for any dropouts or insu�cient data.  Participants 

were enrolled using non-probability consecutive sampling 

technique. SPSS version 25.0 was used to analyze the data. 

In this study, 450 patients were included, with 282 (62.6%) 

male and 168 (37.3%) female, with an average age of 

58.4±13.2years. On coronary angiography, 170 diabetics 

(75.6%) and 130 non-diabetics (57.8%) had signi�cant CAD. 

Diabetics had a signi�cantly lower mean DTS (-2.1 5.4 vs. -

0.7 4.9, p<0.05). A threshold DTS of -5 had 78.2%sensitivity 

and 64.4%speci�city for identifying signi�cant CAD in 

diabetics and 89.2% and 42.2% in non-diabetics. Diabetics 

had an area under the curve for DTS of 0.741 (95% CI: 0.674-

0.808) and non-diabetics 0.701 (95% CI: 0.633-0.769) Table 

1.

To summarize the patient demographics and clinical 

features, descriptive statistics were utilized. Categorical 

data were presented as frequencies and percentages, 

whilst continuous variables were represented as means 

and standard deviations.  Institutional Review Board (IRB) 

approved this study by securely storing anonymized 

patient data, con�dentiality was maintained.  

Table 1: Gender Distribution of Diabetic and Non-Diabetic 

patients.

Parameter

Gender

Male

Female

Mean Age (years)

Positive Cor Angiography (%)

Mean Duke Treadmill Score (DTS)

Sensitivity for Substantial CAD (%)

Speci�city for Substantial CAD (%)

 

148(65.77%)

77(34.23%)

170 (75.6%)

-2.1 ± 5.4

78.2%

64.4%

Total 
(n=450)

Diabetic 
(n=225)

Non-
Diabetic
(n=225)

 

282(62.6%)

168(37.4%)

58.4±13.2

 

134(60.36%)

91(40.44%)

130 (57.8%)

-0.7 ± 4.9

89.2%

42.2%

Hypertension was 52.9% in diabetics and 49.3% in non-

diabetics (p=0.920). As a risk factor, hypertension affects 

both populations signi�cantly. Diabetes is a risk factor in 

diabetic individuals, with 29.7% is compared to 16.8% in 

non-diabetic group (p=0.018). Diabetes has long been linked 

to coronary artery disease, highlighting its role as a major 

risk factor. Dyslipidemia was 10.6% in diabetics and 9.3% in 

non-diabetics (p=0.058). Smoking was not signi�cantly 

different between diabetics and non-diabetics, with 36.8% 

and 32.4% reporting smoking (p=0.753). Family history of 

CAD, which affected 7.5% of diabetics and 6.5% of non-

diabetics, was not signi�cantly different (p=0.425). Finally, 

9.7% of diabetics and 3.6% of non-diabetics were obese 

(p=0.523) Table 2. Figure 1.
Table 2: Common Risk Factors of both Group

CAD risk factors

Hypertension

Diabetes

Dyslipidemia

Smoking

111(49.3%)

38 (16.8%)

21(9.3%)

73(32.4%)

Diabetics
n=225

Non-Diabetics
n =225

P-value

119(52.9%)

67(29.7%)

24 (10.6%)

83(36.8%)

0.920

0.018

0.058

0.753
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Patients with DTS > 5 had a substantially lower mean age 

(52.53 years) compared to DTS 4-10 (57.55 years) and DTS ≤ -

11 (58.65 years) (p=0.036). Mean BMI was similar throughout 

DTS groups (p=0.815). Those with DTS > 5 had signi�cantly 

higher mean METs (metabolic equivalents) of 9.48 

compared to 9.88 and 5.75 in the DTS 4-(-10) and DTS ≤ -11 

groups (p=0.028). DTS ≥ 5 patients had a substantially 

higher mean DTS of 6.75, compared to -2.13 in the DTS 4-(-

10) group and -14.12 in the DTS ≤ -11 group (p=0.001). 

Diabetes mellitus prevalence was decreased in the DTS ≥ 5 

group (6.25%) compared to DTS 4-(-10), DTS ≤ -11 (17.97%, 

23.28%), but not statistically signi�cant (p=0.090). DTS 

groups had similar hypertension, dyslipidemia, smoking, 

familial history of CAD, and obesity. Patients with DTS > 5 

were more likely to have the Bruce treadmill technique 

(59.37%) compared to those with DTS 4-(-10) (72.46%) and 

DTS ≤ -11 (58.90%) (p=0.914). DTS 4-(-10) used modi�ed 

Bruce protocol 25.79% more than other groups. Patients in 

the DTS 4-(-10) group had more non-signi�cant coronary 

lesions (21.15%) than those in DTS ≥ 5 (18.75%) and DTS ≤ -11 

(39.72%) (p = 0.078) Table 3.

Table 3: Clinical characteristics of DTS

Characteristics

Mean age (years)

Mean BMI (kg/m2)

Mean METs

Mean DTS

Gender

Male

Female

DTS≥5
n=32 (7.1%)

DTS 4-(-10)
n=345

 (76.6%)
P-value

This study found that research participants average 58 

years old. According to 2013 RISKESDAS statistics, the 

prevalence of coronary heart disease based on doctor 

interviews or clinical symptoms rises with age [8, 9]. The 

prevalence was greatest in the 65-74 age group (2.0%) and 

3.6%, with a modest reduction in the ≥75 age group. 

Meanwhile, US statistics for a population of 60-79 years 

suggested that 23% of men and 15% of women are 

increasing at age > 80, or 33% and 22%, respectively [10,11]. 

This study shows that CAD patients are mostly men. As 

previously documented, women are less populous than 

males and have CAD patients 12-18 years older than men. 

Previous studies revealed that CAD prevalence rises in 

Indonesia and the US in those over 60 years. This research 

found a mean age older than earlier reports, with the 

youngest patient 45 years [12, 13]. The current unhealthy 

habits, such as sedentary lives, high fat and salt diets, and 

stressful living conditions, may make cardiovascular 

disease more likely to arise at a younger age. Previous 

research in Jakarta revealed the average age to be younger 

and more women, whereas our data indicated CAD to be 

older and more male. Most cardiovascular risk variables in 

this research were hypertension 119 (52.9%) and diabetes 

67 (29.7%). According to Zheng et al., The overall incidence 

of known hypertension was 51.8%, and normal glucose 

regulation (41.2%) [14]. In individuals with severe ST-

segment depression (≥2 mm) on the treadmill test, 

hypertension was shown to be one of the independent 

predictors of substantial coronary stenosis, according to 

Korean research [15, 16]. Hypertension and diabetes are 

major risk factors for cardiovascular disease, although 

dyslipidemia, obesity, and family history of heart disease 

are also signi�cant. Because endothelial dysfunction is 

linked to smoking, CAD risk has been well established. 

Research indicates that smoking raises the incidence of 

CAD by 1.66 times for people who smoke <14 cigarettes per 

day, and nearly twice for those who smoke > 15 cigarettes 

per day [17]. In a 2018 study, the researchers evaluated 

coronary angiographic parameters with CHD risk factors 

Family history CAD

Obesity

15(6.5%)

8(3.6%)

17(7.5%)

22(9.7%)

0.425

0.523

Common Risk Factors 
60.00%

50.00%

40.00%

30.00%

30.00%

20.00%

10.00%

0.00%

52.00%49.30%

23.70%

16.80%

10.60% 9.30% 

36.80%

32.40%

7.50%

6.50%

9.70% 

3.60%

Hypertension Diabetes Dyslipidemia Smoking Family History 
CAD

Obesity

Diabeticss Non-Diabeticss

Figure 1: Common Risk Factors for CAD in diabetics and non-

diabetics.

DTS≤ -11
n=73 

(16.22%)

52.53

26.02

9.48

6.75

20(62.5%)

12(37.5%)

57.55

28.25

9.88

-2.13

242(70.14%)

103(29.85%)

58.65

25.81

5.75

-14.12

53(72.60%)

20(27.39%)

0.036

0.815

0.028

0.001

Hypertension

Dyslipidemia

Smoker

Family history CAD

Obesity

15(46.87%)

5(15.62%)

3(9.37%)

3(9.37%)

4(12.5%)

162(46.95%)

38(11.01%)

35(10.14%)

7(2.02%)

41(11.88%)

32(43.83%)

6(8.21%)

8(10.95%)

2(2.73%)

8(10.95%)

0.091

0.451

0.741

0.715

0.378

Risk factors CAD

Bruce

Modi�ed Bruce

19(59.37%)

11(34.37%)

250(72.46%)

89(25.79%)

43(58.90%)

24(32.87%)

0.914

0.010

Treadmill Protocol

Naughton

Number of 
coronary lesions

Normal

1 Vessel disease

2 Vessel disease

3 Vessel disease

3 Vessel disease + 
left main

Coronary lesion

Normal

Non-signi�cant

Signi�cant

2(6.25%)

2(6.25%)

0(0%)

2(6.25%)

5(15.62%)

0(0%)

2(6.25%)

6(18.75%)

0(0%)

6(1.73%)

9(2.6%)

18(5.21%)

23(6.66%)

39(11.30%)

7(2.02%)

8(2.31%)

73(21.15%)

14(4.05%)

6(8.21%)

0(0%)

0(0%)

5(6.84%)

22(30.13%)

3(4.1%)

2(2.73%)

29(39.72%)

0(0%)

0.066

0.078
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and discovered that up current smokers were more 

prevalent in the CAD group than the non-CAD group (68.2%, 

and 60.6% respectively) [18]. Our results that the smoker 

with CAD group were 36.8% and non- CAD group was 32.4% 

patients with substantial coronary lesions are 45 years old 

and smokers or risk factors. Diabetes is a risk factor like 

coronary heart disease that requires speci�c care. 

Diabetics have a greater rate of silent ischemia [19]. 

According to research by Martin-Timon et al., [20] 35.3% of 

type 2 diabetic patients had high coronary risk was strongly 

associated with TC, (r = 0.695, p value < 0.000), match with 

our result that type 2 diabetic patients is 29.7%, and 16.8% 

with p value =0.018 In diabetic and non-diabetic group 

respectively. Numerous studies have also shown a 

substantial correlation between diabetes and the 

development of large coronary lesions as well as the 

quantity of blood vessels affected [21].
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C O N C L U S I O N S

This research shows that DTS may predict CAD severity in 

diabetics and non-diabetics. Diabetes is a major CAD risk 

factor, and DTS may help estimate risk. Patient features, 

exercise ability, and treadmill technique may also affect 

DTS results and CAD risk assessment. 
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