Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

Cost of Cardiovascular Disease Events in Patients With and Without
Type 2 Diabetes and Factors Influencing Cost: A Retrospective Cohort
Study

Sharifa Wan Puteh
Hospital Canselor Tuanku Muhriz, Universiti Kebangsaan Malaysia
Noor ‘Adilah Kamarudin

vummuamirul imran@gmail . com

Hospital Canselor Tuanku Muhriz, Universiti Kebangsaan Malaysia
Zanariah Hussein

Hospital Putrajaya
Noorlita Adam

Hospital Tuanku Ja'afar, Seremban, Negeri Sembilan
Mohd Ridzwan Shahari

Medical Development Division, Ministry of Health

Research Article

Keywords: Cardiovascular disease, cardiovascular disease event, type 2 diabetes mellitus, hospitalisation, treatment cost, casemix, Diagnosis
Related Group.

Posted Date: March 15th, 2024
DOI: https://doi.org/10.21203/rs.3.rs-3998180/v1
License: @ ® This work is licensed under a Creative Commons Attribution 4.0 International License. Read Full License

Additional Declarations: No competing interests reported.

Page 1/22


https://doi.org/10.21203/rs.3.rs-3998180/v1
https://doi.org/10.21203/rs.3.rs-3998180/v1
https://creativecommons.org/licenses/by/4.0/

Abstract

Background:Cardiovascular disease (CVD) and type 2 diabetes mellitus (T2DM) are non-communicable diseases that impose a significant
economic burden on healthcare systems, particularly in low- and middle-income countries. The purpose of this study was to evaluate the hospital
treatment cost for cardiovascular disease events (CVDESs) in patients with and without diabetes and identify factors influencing cost.

Method:We conducted a retrospective, cross-sectional study using administrative data from three public tertiary hospitals in Malaysia. Data for
hospital admissions between 1 March 2019 and 1 March 2020 with International Classification of Diseases 10th Revision (ICD-10) codes for acute
myocardial infarction (MI), ischaemic heart disease (IHD), hypertensive heart disease, stroke, heart failure, cardiomyopathy, and peripheral vascular
disease (PVD) were retrieved from the Malaysian Disease Related Group (Malaysian DRG) Casemix System. Patients were stratified by T2DM
status for analyses. Multivariate logistic regression was used to identify factors influencing treatment costs.

Results: Of the 1,183 patients in our study cohort, approximately 60.4% had type 2 diabetes. The most common CVDE was acute Ml (25.6%),
followed by IHD (25.3%), hypertensive heart disease (18.9%), stroke (12.9%), heart failure (9.4%), cardiomyopathy (5.7%) and PVD (2.1%). Nearly
two-thirds (62.4%) of the patients had at least one cardiovascular risk factor, with hypertension being the most prevalent (60.4%). The treatment
cost for all CVDEs was RM 4.8 million and RM 3.7 million in the T2DM and non-T2DM group, respectively. IHD incurred the largest cost in both
groups, constituting 30.0% and 50.0% of the total CVDE treatment cost for patients with and without TD2DM, respectively. Predictors of high
treatment cost included male gender, minority ethnicity, IHD diagnosis and severity level.

Conclusion: This study provides real-world cost estimates for CVDE hospitalisation and quantifies the combined burden of two major non-
communicable disease categories at the public health provider level. Our results confirm that CVDs are associated with substantial health
utilisation in both T2DM and non-T2DM patients.

Background

Non-communicable diseases (NCDs), namely cardiovascular disease (CVD) and diabetes, continue to be a major public health concern worldwide.
CVDs constitute the leading cause of global mortality, accounting for 17.9 million deaths or nearly one third of all deaths in the world [1]. Of these
deaths, approximately 85% are due to ischaemic heart disease (IHD) and stroke [1].

The global burden of CVD-related death and disability have risen over the past two decades, largely due to the combined effects of population
growth, ageing, and the rising epidemic of CVD risk factors. Prevalent cases of total CVDs have increased by 93% from 271 million in 1999 to
523 million in 2019. Trends for disability-adjusted life years (DALYs) due to CVDs have also risen, with years lived with disability doubling from
17.7 million to 34.4 million over the same duration [2]. This phenomenon represents a significant challenge that must be urgently addressed as it
places immense strain on healthcare systems.

Diabetes represents yet another significant driver behind the escalating burden of NCDs. An estimated 537 million adults aged 20—79 have
diabetes, which translates to a global prevalence of 10.5% in this age group [3]. Diabetes has long been known as an independent risk factor for
CVD and is a common precursor to a cardiovascular event. Up to one third (32.2%) of all patients with diabetes have CVD, and one in ten (9.9%)
individuals with diabetes meet their demise due to CVD complications [4]. The most prevalent form of diabetes is type 2 diabetes mellitus (T2DM),
which accounts for 96.0% of diabetes cases and a staggering 95.4% diabetes DALYs worldwide [5]. According to the World Health Organization,
DALYs from diabetes have surged by more than 80% between 2000 and 2019 [6]. By 2050, the disease could affect more than 1.31 billion
individuals and prevalence rates are predicted to surpass 20% in many parts of the world by the end of the period [5].

The burden of NCDs is especially pronounced in low- and middle-income countries (LMICs). Over three quarters of CVD deaths and more than 80%
of diabetes cases occur in LMICs [1, 7]. Malaysia has the highest prevalence of diabetes in Southeast Asia.3 In Malaysia, up to 3.9 million (18.3%)
adults aged 18-79 are affected by diabetes and more than half are unaware that they have diabetes [8]. According to the Malaysia Burden of
Disease report, approximately 75% of DALY's are attributable to NCDs, with IHD, diabetes and stroke being the top three burden contributors [9, 10].
In 2017, the total direct healthcare costs for CVD and diabetes were RM 3.9 billion and RM 4.4 billion, respectively — at least triple the cost for
cancer (RM 1.3 billion). These included costs for hospitalization, outpatient visits, medications, laboratory tests, allied health, and medical
consumables [11].

The health and economic burden associated with CVD in people with T2DM not only impacts affected individuals and their families, but also
imposes substantial costs on healthcare providers at the societal level. To date, limited work has been done to appraise the direct treatment costs
of both NCD categories combined in LMICs [12, 13, 14, 15]. Current available data comparing financial health expenditures for CVDs in patients
with and without T2DM are mainly derived from Western populations and conducted in high-income countries [16, 17,18, 19, 20, 21, 22].

Understanding the impact of CVD on hospitalisation costs for patients with and without T2DM is crucial to inform resource allocation for disease
surveillance, prevention and treatment, particularly in LMIC settings where access to healthcare services is often limited and the epidemiological
burden of these conditions is substantial. To this end, we conducted a retrospective administrative database analysis to determine the
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hospitalisation costs incurred due to cardiovascular disease events (CVDEs) among diabetic versus non-diabetic patients in Malaysia. In addition,
we sought to describe the type and incidence of CVDEs, length of stay (LoS), and CVD risk factors influencing the incremental cost of acute CVDE
care in local public health setting.

Methods

This was a retrospective cross-sectional study using administrative data from three public tertiary hospitals (Hospital Sultan Idris Shah Serdang,
Hospital Putrajaya, and Hospital Tuanku Jaafar Negeri Sembilan) in Malaysia. These hospitals were selected based on their strategic location in
the central region of Peninsular Malaysia and for their large catchment areas, where a high influx of admissions related to CVDEs can be
anticipated.

The primary objective of this study was to determine the hospital treatment cost for CVDEs in patients with and without T2DM. The secondary
objective was to identify factors influencing treatment cost in these patients.

The primary data source was clinical and costing data extracted from the Malaysian Diagnosis Related Group (Malaysian DRG) Casemix System.
A casemix system is a structured framework designed to classify patients with similar clinical characteristics and resource utilisation patterns into
relatively homogeneous costing groups [23]. The most widely known example of a casemix system is the Diagnosis Related Group (DRG)
classification system, where each DRG describes a cluster of patients with related diagnoses incurring similar treatment costs for an episode of
care [24].

In Malaysia, the Malaysian DRG Casemix System serves as a useful health management tool for budgeting and quality assurance monitoring [25].
To date, it has been implemented in 148 public hospitals for tracking inpatient expenditure. The Malaysian DRG system routinely collects patient
variables such as patient age and sex, primary and secondary diagnoses, LoS, procedures performed, discharge status, and cost of services.
Outputs generated include treatment cost per disease according to the DRG, estimated treatment cost for inpatient service care, workload metrices,
and health facility efficiency index [26].

Figures 1 and 2 illustrate the Malaysian DRG design components and system workflow to calculate treatment costs [27, 28]. The system requires
input of two important sets of information: (i) the patient's demographic and encounter information, and (ii) clinical data [28]. When patients are
discharged from the hospital, relevant information obtained from case notes generated during the episode of care are manually keyed into the
system. Each patient care episode is then assigned to a DRG code. In the Malaysian DRG system, DRG codes are made up from a combination of
diagnosis and procedure codes defined by the International Classification of Diseases 10th Revision (ICD-10) and International Classification 9th
Revision Clinical Modification (ICD-9-CM) codes, respectively. Each CVDE is rated using a three-tiered Severity of Iliness (Sol) Index (increasing in
severity from Level | to Ill) derived based on an aggregation of health dimensions to reflect the total burden of illness and intensity of resource
consumption for a patient [28]. This is determined using discharge records and scored based on the presence of complications and comorbidities,
number of procedures, dependency on life support procedures, and other prognostic indicators (for example, age). A DRG code is then generated
and assigned to a hospital tariff according to the cost group weight [27].

Data pertaining to hospital admissions between 1 March 2019 and 1 March 2020 were retrieved from the Malaysian DRG Casemix System. The
index date for each patient was defined as the date on which an ICD-10 code for a principal diagnosis of CVDE was identified. The pre-index period
was defined as 12 months before the index hospital admission date. Figure 3 illustrates the study design and schema. All Malaysian patients aged
= 18 who were hospitalised with a principal diagnosis defined by ICD-10 codes for acute myocardial infarction (Ml), IHD, hypertensive heart
disease, stroke, heart failure, cardiomyopathy, and peripheral vascular disease (PVD) were included in the study (see Appendix A for ICD-10 codes).
Patients were excluded if they had a history of cancer, COVID-19 infection, hepatitis B or C, human immunodeficiency virus or major psychiatric
iliness. Eligible patients were assessed for T2DM status (Appendix B) and CVD risk factors (Appendix C) by extracting the relevant ICD-10 codes in
the one-year pre-index period. Additional clinical information not captured by the Malaysian DRG Casemix System, such as T2DM duration and
glycated haemoglobin measurement (HbA1c), were retrieved from the patient’s medical records and case notes. The DRG codes for CVDEs of
interest were then extracted according to the ICD-10 codes of interest and grouped to determine the cost of treatment (Appendix D).

We used numbers and percentages for categorical variables and mean + standard deviation (SD) for continuous variables. Non-normally
distributed data were presented as median and data range (minimum and maximum range). Cost analyses included cost per CVDE and total cost
per year for CVDEs. All costs are expressed in Malaysian Ringgit (RM) for the financial year FY2020 from 1 March 2019 to 1 March 2020 (average
exchange rate is 1 USD = RM 4.20 for 2020). Patients were stratified and analysed according to T2DM status. As treatment costs did not conform
to normal distribution, we used the Mann Whitney test for inter-group comparison between T2DM and non-T2DM patients. A Chi-square test of
independence was conducted to determine the relationship between independent variables and cost. Multivariate analysis using binary logic
regression was used to determine predictors of high CVDE cost among T2DM and non-T2DM patients. Data analyses were conducted using
Microsoft Excel and SPSS Software version 26.0. A P value of <0.05 was considered statistically significant.

Results
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A total of 4,643 admission records between 1 March 2019 and 1 March 2020 with CVDE as the principal diagnosis were identified from the
Malaysian DRG Casemix System from this three hospitals. Using random sampling technique, we selected and screened 1192 patients for
eligibility. Of these, a final sample size of 1,183 patients were included for analyses. Table 1 provides an overview of the patients’ demographic and
clinical characteristics. Overall, the mean age of patients admitted for CVDE was 58.6 years. The youngest patient was 18 years old while the
oldest patient was 91 years old. The most common CVDE diagnosis was acute Ml (25.6%), followed by IHD (25.3%), hypertensive heart disease
(18.9%), stroke (12.9%), heart failure (9.4%). CVDE admissions were less commonly for cardiomyopathy (5.7%) and PVD (2.1%). The mean
(average) LoS was 4.8 days. A longer average LoS was observed in patients with more complex illness (5.6 days for Severity Ill versus 4.4 days for
Severity 1). Nearly two-thirds (62.4%) of all patients who were admitted for a CVDE had at least one CVD risk factor. The most frequent risk factor
was hypertension (60.4%), followed by PVD (17.8%), dyslipidaemia (10.1%), and previous stroke (6.9%).
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Table 1
Patient demographic and clinical characteristics

CVDE patients CVDE patients with T2DM CVDE patients without T2DM
Total, N (%) 1183 (100) 715 (100) 468 (100)
Age, mean (years t SD) 58.6+13.2 59.1+12.8 58+ 13.7
Gender
Male 778 (65.8) 425 (59.4) 353 (75.4)
Female 405 (32.2) 290 (40.6) 115 (24.6)
Ethnicity
Malay 763 (64.5) 487 (68.1) 276 (59.0)
Chinese 185 (15.6) 80 (11.2) 105 (22.3)
Indian 235 (19.9) 148 (20.7) 87 (18.6)
Age category (years)
18-29 18 (1.5) 14 (2.0) 4(0.9)
30—-39 83(7.0) 50(7.3) 31(6.6)
40-49 184 (15.6) 113 (15.8) 71 (15.2)
50-59 312 (26.4) 176(24.6) 136 (29.1)
60—69 336 (28.4) 207 (29.0) 129 (27.6)
=70 250 (21.1) 153 (21.4) 97 (20.7)
Type of CVDE
Acute Ml 303(25.6) 151 (21.1) 152 (32.5)
IHD 300 (25.3) 129 (18.0) 171 (36.5)
Hypertensive HD 224 (18.9) 186 (26.0) 3.8(8.1)
Stroke 153 (12.9) 91 (12.7) 62 (13.2)
Heart failure 111 (9.4) 91 (12.7) 20 (4.3)
Cardiomyopathy 67 (5.7) 47 (6.6) 20 (4.3)
PVD 25(2.1) 20 (2.8) 5(1.1)
Outcome of admission
Discharged well 1113 (94.1) 662 (92.6) 451 (96.4)
Death 70 (5.9) 53 (7.4) 17 (3.6)
Severity level
Severity | 306 (26.0) 174 (24.3) 134 (28.6)
Severity Il 530 (44.8) 354 (49.5) 176 (37.6)
Severity Il 345 (29.2) 187 (26.2) 158 (33.8)
Average LoS (days + SD)
Severity | 4.71+3.51 4.87+3.72 3.85+1.93
Severity Il 5.06+3.85 5.22+3.98 3.7+2.00
Severity llI 6.98+7.38 6.68+6.9 8.07+£8.99

Presence of CVD risk

All variables are reported as frequency and percentage unless otherwise specified. CVDE = cardiovascular disease event; IHD = ischaemic heart
disease; Ml = myocardial infarction; HD = heart disease; PVD = peripheral vascular disease; LoS = length of stay; T2DM = type 2 diabetes
mellitus; SD = standard deviation.
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CVDE patients CVDE patients with T2DM CVDE patients without T2DM

Yes 738 (62.4) 453 (63.4) 285 (60.9)
No 445 (37.6) 262 (36.6) 183 (39.1)
Number of CVD risks

1 644 (54.4) 406 (56.9) 238 (50.7)
2 91(7.7) 46 (6.4) 45 (9.6)
>3 12 (1) 7 (1.0) 5(1.1)

Type of CVD risk

Hypertension 714 (60.4) 482 (67.5) 232 (49.5)
Dyslipidaemia 119 (10.1) 62 (8.6) 57 (12.2)
PVD 211 (17.8) 210 (29.4) 1(0.3)
Stroke 82 (6.9) 60 (8.4) 22 (5.9)

All variables are reported as frequency and percentage unless otherwise specified. CVDE = cardiovascular disease event; IHD = ischaemic heart
disease; Ml = myocardial infarction; HD = heart disease; PVD = peripheral vascular disease; LoS = length of stay; T2DM =type 2 diabetes
mellitus; SD = standard deviation.

Incidence of CVDE in T2DM and non-T2DM patients

Approximately 60.4% of patients with CVDE had underlying T2DM. Compared with non-T2DM patients, the cohort with T2DM were slightly older,
were comprised of more women and had a higher prevalence of CVD risk factors. Nearly half (48.7%, n = 348/714) of patients with T2DM had a
duration of diabetes of < 5 years. Data for HbA1c was available for 351 patients. Three quarters of these patients (75.2%) had a HbA1c greater
than 7.0%. The proportion of patients with T2DM who did not survive their admission was twice as high compared with those without T2DM (7.4%
versus 3.2%, respectively).

We found differing CVDE frequencies between T2DM and non-T2DM patients. Within the T2DM group, the most common type of CVDE was
hypertensive heart disease (26.0%), followed by acute Ml (21.1%) and IHD (18.0%). In the non-T2DM group, the predominant type of CVDE was IHD
(36.5%), followed by acute MI (32.5%) and stroke (13.2%). Over 60% of patients had at least one CVD risk factor, with hypertension being the most
prevalent in both the T2DM and non-T2DM groups. Patients with T2DM were more frequently affected by PVD (29.4%) as opposed to those
without T2DM (0.3%). In contrast, patients without T2DM (12.2%) were more likely to have dyslipidaemia compared with their T2DM counterparts
(8.4%).

Cost of CVDE in T2DM and non-T2DM patients

Table 2 shows the total and individual costs for CVDE treatment in T2DM and non-T2DM patients. The overall expenditure (total cost for all cases)
for inpatient CVDE treatment was approximately RM 8.4 million. Patients with T2DM incurred a higher cost in excess of RM 1.1 million, about 30%
higher than the amount incurred by patients without T2DM. Despite the higher overall cost incurred by T2DM patients, the median cost per case (or
cost per episode of CVDE care) was slightly lower (RM5,452.63) compared to non-T2DM patients (RM6,941.30). IHD incurred the highest cost: up
to RM 1.4 million in the T2DM group and RM1.8 million in the non-T2DM group. This constituted 30.0% and 50.0% of the total CVDE treatment cost
for patients with and without TD2DM, respectively. The median cost per case for IHD was RM 8,364.65, more than double the cost for acute Ml or
stroke. The higher cost for IHD could be attributed to resource-intensive procedures, such as percutaneous coronary intervention and coronary
bypass grafting, resulting in increased average LoS and cost per case for the provider (Table 3).
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Table 2

Cost of CVDE treatment in T2DM and non-T2DM patients for FY2020

Diagnosis

Acute Ml

IHD
Hypertensive HD
Stroke

Heart failure
Cardiomyopathy
PVD

Total

CVDE with T2DM
N Median
cost per
&
151 4,608.38
129 8,364.65
186  5,440.91
91 4,521.59
91 5,440.91
47 5,452.63
20 5,090.46
715 5,452.63

Minimum
&
2,989.98
3,235.20
2,573.20
2,989.98
2,573.20
3,827.03
3,472.18
2,573.20

Maximum
cost (RM)

16,373.72
106,357.88
9,946.92
100,790.23
17,462.31
14,197.31
14,943.43
106,357.88

Total cost
for all cases
(RM)
874,388.08
1,415,411.24
1,021,690.43
582,047.77
495,503.89
276,592.20
119,962.18
4,785,595.79

CVDE without T2DM
N Median Minimum
costper  cost
case (RM)
(RM)
152 4,649.53 2,989.98
171 8,364.65 3,545.80
38 4,740.02 2,789.78
62 4,521.59 2,989.98
20 5,756.94  3,954.56
20 6,371.82  3,147.64
6 5,149.68 3,235.20
468 6,941.30 2,789.78

Maximum
cost (RM)

14,197.31
106,357.88
9,477.31
9,860.14
100,790.23
10,847.26
8,364.65
106,357.88

Total cost
for all cases
(RM)
941,588.78
1,837,803.52
206,964.00
314,731.73
206,582.14
127,034.15
30,898.08
3,658,555.47

CVDE = cardiovascular disease event; T2DM = type 2 diabetes; FY = financial year; Ml = myocardial infarction; IHD = ischaemic heart disease; HD
= heart disease; PVD = peripheral vascular disease.
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Table 3

Cost per case (CPC) and average length of stay (LoS) per DRG code

DRG code

DRG details

Cardiovascular Disease Events (n = 614)

5531
5532
5533

5611
5612
5613

5571
5572
5573

1651
1652
1653

1551
1552
1553

5521
5522
5523

5541

5542

5543

5561

5562

5563

5593

5511

Coronary artery disease
Without complication

With complication

With major complication
Vascular disorder and injuries
Without complication

With complication

With major complication
Heart failure and shock
Without complication

With complication

With major complication
Nonspecific cerebrovascular disorder
Without complication

With complication

With major complication
Ischaemic cerebrovascular disease
Without complication

With complication

With major complication
Atherosclerosis

Without complication

With complication

With major complication
Myocardial disease

Without complication

With complication

With major complication

Cardiac arrythmia and conduction disorder

Without complication

With complication

With major complication
Cardiac arrest, unexplained
With major complication
Hypertension

Without complication

Cases, n (%)

228 (19.3)
69 (30.3)
128 (56.2)
31 (13.5)
105 (8.9)
34 (32.3)
63 (60.0)
8(7.7)
94 (7.9)
30 (31.9)
3(3.2)
61 (64.9)
63 (5.3)
15 (23.8)
35 (55.5)
13 (20.6)
59 (4.9)
7(11.8)
39 (66.1)
13 (22.0)
21 (1.8)
13 (61.9)
5(23.8)
3(14.2)
19 (1.6)
4(21.0)
10 (52.6)
5(26.4)
11 (0.9)
3(27.3)
6 (54.5)
2 (18.2)
9(0.8)
9 (100)
5(0.4)
1(20.0)

CPC (RM)

3,954.56
4,521.59
7,121.32

5,440.91
5,708.21
8,672.86

4,740.02
4,690.69
5,805.67

4,608.38
5,452.63
8,153.81

2,989.98
3,235.20
6,278.19

6,898.62
6,928.42
11,008.35

6,889.68
6,941.30
9,477.31
3,722.52
4,598.89
5,960.91

9,389.25

2,849.30

DRG = Disease Related Group; CVDE = cardiovascular disease event; RFA = radiofrequency ablation.

Average LoS (days)

3.80
4.00
5.20

5.50
5.80
8.70

4.50
4.60
5.60

4.70
5.70
8.50

3.60
3.90
7.80

3.50
3.80
5.30

4.70
4.60
6.80
3.10
3.80
4.80

8.30

3.30
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DRG code DRG details Cases,n (%) CPC (RM) Average LoS (days)

Cardiovascular Disease Events (n = 614)

5512 With complication 1(20.0) 3,168.96 3.60

5513 With major complication 3(60.0) 4,342.06 4.80

Procedures related to CVDE (n = 341)
Percutaneous coronary intervention 315 (26.6)

5041 Without complication 57 (18.0) 7,753.10 3.20

5042 With complication 103 (32.7) 8,364.65 3.50

5043 With major complication 155 (49.3) 9,860.14 3.60
Coronary bypass procedure 10 (0.8)

5001 Without complication 2(20.0) 106,357.88  16.80

5002 With complication 1(10.0) 102,400.48 18.30

5003 With major complication 7 (70.0) 100,790.23 22.70
Electrophysiology study or RFA and pacemaker insertion 5 (0.3)

5062 With complication 2 (40.0) 10,847.26 4.20

5063 With major complication 3(60.0) 14,197.31 5.20
Other circulatory system operating room procedure 3(0.2)

5101 Without complication 1(33.3) 3,391.62 3.50

5102 With complication 2 (66.7) 4,510.08 4.30
Other vascular procedure 4(0.2)

5091 Without complication 1(25.0) 3,582.61 3.80

5092 With complication 2 (50.0) 4,749.74 4.00

5093 With major complication 1(25.0) 11,275.83 9.30
Spinal cord and spinal canal procedure 1(0.1)

1051 Without complication 1(100.0) 7,740.05 8.60
Vein ligation and stripping 1(0.1)

5081 Without complication 1(100.0) 4,203.07 2.90
Other respiratory system operating room procedure 2(0.1)

4011 Without complication 1(50.0) 6,853.90 6.70

4013 With major complication 1(50.0) 21,649.81 18.40

DRG = Disease Related Group; CVDE = cardiovascular disease event; RFA = radiofrequency ablation.

For the T2DM group, median per case showed an incremental increase with each additional CVD risk factor (Table 4). On the other hand, cost per
case was highest in non-T2DM patients with 2 CVD risk factors and lowest for those with three or more risk factors. The cost per case for each CVD
risk factor of interest can be found in Table 5. The median cost per case when hypertension and hyperlipidaemia were present were similar in both
groups. However, a higher median cost per case was incurred by patients with T2DM if they also had a history of prior IHD or concomitant PVD.
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Table 4
Cost of CVDE management by number of CVD risk factors

Number of CVD risk CVDE with T2DM CVDE without T2DM
factors N Median cost ~ Minimum cost Maximumcost N Median cost Minimum cost Maximum cost
(RM) (RM) (RM) (RM) (RM) (RM)
1 429 4,376.78 2,341.75 66,413.89 183 4,376.78 2,531.11 53,757.11
2 45 7,118.00 2,683.25 9,970.46 45 7,118.00 2,683.25 860,411.00
=3 7 8,604.11 4,232.30 53,757.11 5 2,683.25 2,508.80 7,118.00
CVDE = cardiovascular disease event; CVD = cardiovascular disease; T2DM = type 2 diabetes.
Table 5
Cost of CVDE treatment in T2DM and non-T2DM patients with cardiovascular risks of interest
CVDE with T2DM CVDE without T2DM
Cardiovascular N Median cost Minimum cost Maximum cost N Median cost Minimum cost  Maximum cost
risk (RM) (RM) (RM) (RM) (RM) (RM)
Hypertension 482  4,377.00 2,342.00 66,414.00 233  4,743.44 2,509.00 53,757.00
Hyperlipidaemia 151  7,118.00 2,683.00 53,757.00 57 7,118.00 2,509.00 8,604.00
IHD 180 9,173.98 2,738.71 68,685.24 137  8,528.57 3,119.45 53,757.11
Stroke 60 4,363.76 2,509.00 53,757.00 NA NA NA NA
PVD 210 4,405.31 2,342.00 8,604.00 917 2907.44 2,907.00 2,907.00
gvggglceardiovascular disease event; T2DM = type 2 diabetes; IHD = ischaemic heart disease; PVD = peripheral vascular disease; NA = not
vai :

Factors influencing cost of CVDE treatment

The median CVDE cost calculated for patients with T2DM (RM5,452.63) was used to as the threshold for categorising treatment cost level (low
versus high). As shown in Table 6, the cost of CVDE treatment was significantly associated with gender, outcome of admission, type of CVDE, Sol
Index level, T2DM status, and CVD risk factors. Age, ethnicity, duration of diabetes, and HbA1c level did not significantly influence treatment costs.
Certain factors were significantly correlated with CVDE treatment cost in patients with T2DM patients (Table 7). These factors included male
gender, age, admission for IHD, outcome of admission, and the presence of CVD risk. For patients without T2DM, only two factors significantly
correlated with treatment costs: the type of CVDE and the Sol Index level.
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Table 6

Association between patient characteristics and total cost (N = 1183)

Variable

Gender
Male
Female
Ethnicity
Malay
Chinese
Indian
Age category (years)
18-29
30—-39
40—-49
50—-59
60—-69
=70
Type of CVDE
Acute Ml
IHD
Hypertensive heart disease
Stroke
Heart failure
Cardiomyopathy
Peripheral vascular disease
Outcome of admission
Discharged well
Death
Severity level
Severity |
Severity Il
Severity lll
Diabetes status
Yes
No
Diabetes duration (years)
0-5
6—10
11-15

Cost
Low, n (%)

316 (40.6)
199 (49.1)

350 (45.9)
68 (36.8)
97 (41.3)

10 (55.6)
41 (49.4)
70 (38.0)

126 (135.8)

151 (44.9)
117 (46.8)

162 (53.5)
31(10.3)
118 (52.7)
95 (66.6)
63 (56.8)
31 (46.3)
15 (60)

498 (44.7)
17 (24.3)

215 (69.8)
293 (55.3)
7(2.0)

339 (65.8)
176 (34.2)

166 (47.7)
55 (42.0)
59 (48.4)

High, n (%)

462 (59.4)
206 (50.9)

413 (54.1)
117 (63.2)
138 (58.7)

8 (44.4)
42 (50.6)
114 (62.0)
186 (59.6)
185 (55.1)
133 (53.2)

141 (46.5)
269 (89.7)
106 (47.3)
58 (37.9)
48 (43.2)
36 (53.7)
10 (40.0)

615 (55.3)
53 (75.7)

93 (30.2)
237 (44.7)
338 (98.0)

376 (56.3)
292 (43.7)

182 (52.3)
76 (58.0)
63 (51.6)

X2 df
7.863 1
5.64 2
7.09 5
186.593 6
11.213 1
358.01 2
11.064 1
8.199 4

pvalue

0.005*

0.06

0.214

<0.001*

0.001*

<0.001*

0.001*

CVDE = cardiovascular disease event; Ml = myocardial infarction; IHD = ischaemic heart disease; HbAlc = glycated haemoglobin; CV =

cardiovascular.
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Variable

HbA1c level (%)
0.0-6.5
6.6—7.0
7.1-8.0
=>8.0
Presence of CV risk factor
Yes

No

Cost

Low, n (%)
42 (54.5)
24 (66.7)

28 (48.3)
15 (11.6)
19 (21.5)
78(37.1)

283 (55.0)
232 (45.0)

X2 df
High, n (%)
35 (45.5)
12 (33.3)

4.554 3
30 (51.7)
14 (17.4)
35 (64.8)
132 (62.9)

21.469 1
455 (68.1)
213 (31.9)

p-value

0.206

<0.001*

CVDE = cardiovascular disease event; Ml = myocardial infarction; IHD = ischaemic heart disease; HbA1lc = glycated haemoglobin; CV =

cardiovascular.
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Table 7

Association between patient characteristics and cost among T2DM and non-T2DM patients (N = 1183)

Variables

Gender
Male
Female
Ethnicity
Malay
Chinese
Indian
Others
Age category (years)
18—-29
30—-39
40—-49
50—-59
60—69
=70
Type of CVDE
Acute Ml
IHD
Hypertensive HD
Stroke
Heart failure
Cardiomyopathy
PVD
Outcome of admission
Discharged well
Death
Severity level
Severity |
Severity Il
Severity lll
Presence of CVD risk factor
Yes
No

Duration of diabetes (years)

CVDE = cardiovascular disease event; T2DM = type 2 diabetes; Ml =

CVDE with T2DM (n = 715)

Cost, n (%)

Low

192 (56.6)
147 (43.4)

235 (69.3)
34(10.0)
64 (18.9)
6(1.8)

6(4.7)
33(9.7)
41 (12.1)
94 (27.7)
100 (29.5)
55 (16.2)

84 (24.8)
15(4.4)
97(28.6)
54 (15.9)
54 (15.9)
23(6.8)
2(3.5)

326 (96.2)
13 (3.8)

133 (39.2)
201 (59.3)
5(1.5)

180 (53.1)
159 (46.9)

X2 df  Pvalue
High

2.101 1 0.147
233 (62.0)
143 (38.0)

6.385 3 0.094
245 (65.2)
46 (12.2)
84 (22.3)
1(0.3)

18.477 5 0.002*
5(1.3)
15 (4.0)
61 (16.2)
111 (29.5)
120 (31.9)
64 (17.0)

83.7177 6  <0.001
67 (17.8)
114 (30.3)

89 (23.7)

©.
©.
47 (6.6)
20 (2.9)

12023 1  0.001*
336 (89.4)
40 (10.6)

20177 2  <0.001*
41 (10.9)
153 (40.7)
182 (48.4)

29226 1  <0.001*
273 (72.6)
103 (27.4)

6.869 4  0.231

myocardial infarction; IHD =

CVDE without T2DM (n = 496)

Cost

Low

124 (70.5)
52 (29.5)

108 (61.4)
34(19.3)
33(18.8)
1(0.6)

5(2.8)

22 (12.5)
35(19.9)
39 (22.2)
42 (23.9)
33(18.8)

78 (44.3)
16 (9.1)

21 (

41(23.3)

9(5.1)

8 (4.5)

3(1.7)

172 (97.7)
4(2.3)

82 (46.6)
92 (52.3)

2(1.1)

PVD = peripheral vascular disease; CVD = cardiovascular disease; HbA1c = glycated haemoglobin.

High

229 (78.4)
63 (21.6)

166 (56.8)
71 (24.3)
54 (18.5)
1(0.3)

2(0.7)
28 (9.6)
58 (19.9)
81(27.7)
72 (24.7)
51 (17.5)
74 (25.3)
155 (53.1)
17 (5.8)
21(7.2)
11 (3.8)
12 (4.1)
2(0.7)

279 (95.5)
13 (4.5)

52 (17.8)
84 (28.8)
156 (53.4)

X2 df Pvalue
3.764 1 0.052
1.739 3 0.649
5.747 5 0.332
98.463 6 <0.001
1.490 1 0.222
136.836 2 <0.001*

ischaemic heart disease; HD = heard disease;
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Variables

HbA1c level (%)
0.0-6.5
6.6—7.0
7.1-8.0
=>8.0

CVDE with T2DM (n = 715)

Cost, n (%)
Low

161 (47.5)
61 (18.0)
60 (17.7)
28 (8.3)
28 (8.3)
15 (17.4)
10 (11.6)
11 (12.8)
(

50 (58.1)

X2 df  Pvalue
High
192 (51.1)
81 (21.5)
58 (15.4)
27 (28.9)
18 (4.8)
4.502 3 0217
21 (12.8)
9(5.5)
23 (14.0)
111 (67.7)

CVDE without T2DM (n = 496)
Cost X2 df  Pvalue
Low High

CVDE = cardiovascular disease event; T2DM = type 2 diabetes; Ml = myocardial infarction; IHD = ischaemic heart disease; HD = heard disease;
PVD = peripheral vascular disease; CVD = cardiovascular disease; HbA1c = glycated haemoglobin.

For multivariate logistic regression analysis, we included nine variables for initial modelling: age, sex, ethnicity, type of CVDE, Sol Index level, and
CVD risk. Among these, we identified four variables — gender, ethnicity, type of CVDE and Sol Index level, to be significant. Results for determinants
of high treatment cost are shown in Table 8. Females were less likely to incur high CVDE costs compared to males (odds ratio [OR] = 0.66; 95%
confidence interval [CI] 0.47—0.93, P = 0.017). Other ethnicities, for example Eurasians, Chindians, and indigenous peoples (Orang Asli), were

significantly less likely to incur high treatment costs for CVDE (OR = 0.03; 95% ClI 0.003—0.382, P = 0.007). Patients with Sol Index Level Il (moderate

disease burden) were twice as likely to incur high treatment costs, and this risk increased 262 times higher for patients with Sol Index Level Il (high
disease burden). Additionally, patient who were admitted with diagnosis of IHD had a 12-fold greater risk for incurring high costs compared with

those with acute MI.
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Table 8
Multivariate logistic regression analysis

B SE Wald Adjusted odds ratio 95% ClI Pvalue
Lower Upper

Gender

Male 1

Female -0.416 0.174 5.686 0.660 0.469 0.929 0.017
Ethnicity

Malay 9.315 1 0.025

Chinese 0.333 0.245 1.848 1.395 0.863 2.256 0.174

Indian 0.036 0.216 0.028 1.037 0.679 1.585 0.867

Others -3.461 1.275 7.363 0.031 0.003 0.382 0.007
Severity level

Level | 128.509 1 <0.01

Level Il 1.006 0.197 26.09 2.734 1.859 4.022 <0.01

Level Ill 5.57 0.497 125.842 262.405 99.16 694.397 <0.01
Type of CVDE

Acute Ml 125.293 1 <0.01

IHD 2.49 0.258 93.174 12.056 7.272 19.987 <0.01

Hypertensive HD -0.035 0.248 0.019 0.966 0.594 1.570 0.889

Stroke -0.461 0.264 3.051 0.631 0.376 1.058 0.081

Heart failure -0.047 0.314 0.022 0.954 0.515 1.767 0.881

Cardiomyopathy 0.438 0.345 1.614 1.550 0.788 3.048 0.204

PVD 0.005 0.54 0 1.005 0.349 2.899 0.992
SE = standard error; Cl = confidence interval;, CVDE = cardiovascular disease event; Ml = myocardial infarction; IHD = ischaemic heart disease; HD
= heart disease; PVD = peripheral vascular disease.

Discussion

This retrospective, cross-sectional study conducted at three public tertiary hospitals in Malaysia provides evidence regarding the epidemiological,
clinical, and economic impact of CVDEs in hospitalised patients with and without T2DM. Malaysia is classified as an upper middle-income country
with a total population of 32.7 million people [29]. Healthcare is organised as a two-tiered system consisting of a tax-funded public sector and a
fee-for-service private healthcare system [30]. The former provides universal health coverage through a network of government health facilities that
caters to the bulk (~ 65%) of the population [31]. Public healthcare is heavily subsidised by the government, with patients paying a nominal fee for
inpatient and outpatient services [32]. For example, patients are only charged RM 3 (~ USD 0.70, USD 1 = RM 4.20) for a third-class ward, inclusive
of inpatient treatment and ward fees. Sustainability of this healthcare system relies on proficient fiscal management to maintain affordability and
quality of care.

In our study, T2DM was present in 60.4% of CVDE patients. This figure was higher than those reported in most studies [33, 34, 35, 36, 37, 38, 39].
Available data indicate a wide range of diabetes prevalence among patients with CVD, between 20—30% in the Western countries [33], 20—60% in
China, India and Southeast Asia [34, 35, 36, 37, 38, 39], and nearly 70% in the Middle East [40]. The reasons for the large proportion of patients with
T2DM in our cohort may be due to the selection of patients from hospitals in urbanised areas, where risk factors for developing T2DM such as
sedentary lifestyle, unhealthy diets, and obesity are prevalent.

The mortality rate among CVDE patients with T2DM in our cohort was twice as high as for patients without T2DM. Previous studies have
consistently reported an elevated risk of incident CVDs and premature deaths in patients with T2DM, and these risks are amplified when patients
have a history of both T2DM and prior CVDE, in contrast to those with T2DM or prior CVDE alone [16, 42, 43, 44]. As such, patients with T2DM who
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have survived a CVDE constitute a particularly vulnerable to recurrent events and increased healthcare expenditure.16 Implementing secondary
prevention strategies that prioritise intensified cardioprotective interventions are imperative for these patients.

Studies have shown that patients with diabetes consume more healthcare resources [45, 46, 47], and incur 2.3 times more in hospitalisation cost
than the general population [47]. In our T2DM cohort, total treatment cost for all CVDEs exceeded those of the non-T2DM group but the median
cost per case in patients with T2DM was lower than in non-T2DM patients. This may be explained by the high proportion of T2DM patients with
recently diagnosed or early-stage diabetes, where almost half of the T2DM cohort had a disease duration of < 5 years. The non-T2DM group were
pre-dominantly male and had a greater proportion of patients with severity Level lll iliness compared with the T2DM cohort.

We identified four variables predicting high treatment cost for CVDEs. Patients with the following risk profile are likely to incur treatment costs in
excess the median threshold: male gender, non-minority ethnicity, IHD diagnosis, and Sol Index Level . The gender differences in CVDE treatment
costs may be attributed to biological and behavioural factors affecting predisposition and disease onset [48]. Premenopausal women experience a
higher degree of cardio protection than men of similar age and have a more favourable blood pressure and lipid profile. In addition to that, women
are more inclined to exhibit behaviours that lower the risk of CVDs. Studies indicate that they are more likely than men to be non-smokers [49],
abstain from or drink less alcohol [50], and adopt healthy eating habits [51]. They also have higher participation in preventive health checks for
CVDs and are more likely to seek care early in the disease process [52].

We acknowledge several limitations inherent to the design of our study. Administrative data sources are prone to coding errors, which can lead to
incorrect assignment of the DRG codes and inaccurate cost estimations. We have taken steps to address these limitations by selecting audited
sites, and have used additional data sources, such as patient medical records and case notes, to ensure a sufficient level of clinical data. In the
present study, only costs per episode of care were examined. Therefore, we are unable to draw conclusions regarding lifetime costs or outcomes
which will be done from longitudinal data over years. Last but not least, although our dataset was drawn from a demographically diverse,
multicentre cohort, our results have limited generalisability. Patients admitted to tertiary hospitals typically require specialised and complex care, so
our findings may not be representative of the treatment cost across all of Malaysia.

Conclusion

This study provides real-world cost estimates for CVDE hospitalisation and quantifies the combined burden of two major NCDs categories at the
public health provider level. Results confirm that CVDs are associated with substantial health utilisation in both T2DM and non-T2DM patients.
Additional allocation of resources for intensified and targeted public health interventions may be justified to reduce CVD risk factors and to contain
public health expenditure. The findings from this study may be used for future health technology assessments and economic modelling.

Abbreviations

CVvD : Cardiovascular Disease
CVDE : Cardiovascular Disease Event
DALY : Disability-Adjusted Life Year

ICD-9-CM : International Classification of Diseases, 9th Revision, Clinical Modification

ICD-10 : International Classification of Diseases, 10th Revision
IHD : Ischaemic Heart Disease

LMIC : Low- and Middle-Income Country

LoS : Length of Stay

Ml : Myocardial Infarction

NCD : Non-Communicable Disease

PVD : Peripheral Vascular Disease

Sol : Severity of lliness

T2DM : Type 2 Diabetes Mellitus

Declarations

Page 16/22



Ethics Approval and Consent to Participate

This study obtained ethics and research approval from the Medical Research and Ethics Committee, Ministry of Health Malaysia (NMRR-21-01958-
1WS) and the Research Ethics Committee, Hospital Canselor Tuanku Muhriz (FF-2021-349).

Consent for Publication

Not applicable.

Availability of Data and Materials

The datasets analysed during this study are available from the corresponding author on reasonable request.
Competing interests

The authors declare that they have no competing interests.

Funding

This work was financially supported by Boehringer Ingelheim (Malaysia) Sdn Bhd. The funder had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Authors’ Contributions

SEWP contributed to the conception and design of the study; NAK was involved in data collection, analysis and interpretation of data, and the
drafting of the manuscript; ZH, NA and MRS reviewed and revised the study protocol, result and final manuscript. All authors read and approved the
final draft of the manuscript. The authors meet criteria for authorship as recommended by the International Committee of Medical Journal Editor
(ICMJE) and did not receive any payment related to the development of the proposal and final report of this CVDE study. SEWP from UKM provided
the writing, technical and editorial support which was funded by Boehringer Ingelheim (Malaysia) Sdn Bhd (Bl) and Bl was given the opportunity to
review the manuscript for medical and scientific accuracy as well as intellectual property consideration.

Acknowledgements

We thank Lijoy Varghese from Market Access and Healthcare Affairs, Boehringer Ingelheim Pte. Ltd. Singapore, Singapore for his support on the
study protocol and reviewed of the final draft of manuscript. Also to Charity Yii Tien Jen for provided editorial support, and/or formatting
assistance, which was funded by Boehringer Ingelheim (Malaysia) Sdn Bhd.

References

1. World Health Organization Factsheet. Cardiovascular diseases (CVDs). Published 11 June 2021. Available from: https://www.who.int/news-
room/fact-sheets/detail/cardiovascular-diseases-(cvds). Accessed 31 August 2023.

2. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et al. Global burden of cardiovascular diseases and risk factors,
1990-2019. Update from the GBD 2019 study. J Am Coll Cardiol. 2020;76:2982-3021. doi: 10.1016/j.jacc.2020.11.010.

3. International Federation of Diabetes. IDF Diabetes Atlas 10t edition. Available at: https://diabetesatlas.org/. Accessed 11 September 2023.

4. Einarson TR, Acs A, Ludwig C, Panton UH. Prevalence of cardiovascular disease in type 2 diabetes: a systematic literature review of scientific
evidence from across the world in 2007-2017. Cardiovasc Diabetol. 2018;17:83. doi: 10.1186/s12933-018-0728-6.

5. GBD 2021 Collaborators. Global, regional, and national burden of diabetes from 1990 to 2021, with projections of prevalence to 2050: a
systematic analysis for the Global Burden of Disease Study 2021. Lancet. 2023;402:203-34. doi: 10.1016/S0140-6736(23)01301-6.

6. World Health Organization. Global health estimates: life expectancy and leading causes of death and disability. Available at:
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates. Accessed 31 August 2023.

7. Chan JCN, Lim LL, Wareham NJ, et al. The Lancet Commission on diabetes: using data to transform diabetes care and patient lives. Lancet.
2021;396:2019-82. doi: 10.1016/S0140-6736(20)32374-6.

8. Chan YY, Yeop N, Rezali MS, Ling JMY, Lodz NA, Sallehuddin SM, et al. (editors). National Health and Morbidity Survey 2019 Technical Report
- Volume I: Non-Communicable diseases: risk factors and other health problems. Selangor, Malaysia: Institute for Public Health, Institutes of
Health, Ministry of Health Malaysia; 2020. Available at:
https://iku.moh.gov.my/images/IKU/Document/REPORT/NHMS2019/Report_NHMS2019-NCD_v2.pdf. Accessed 2 September 2023.

9. Institute of Public Health, Ministry of Health Malaysia. Report of Malaysia Burden of Disease and Injury Study (2019—2014). Available at:
https://iku.moh.gov.my/research/iku/bod. Available at: Accessed 11 September 2023.

Page 17/22



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

Mohamad Anuar MF, Omar A, Ganapathy SS, Tan LA. Malaysian Burden of Disease and Injury Study: 2015—2017. Selangor, Malaysia: Institute
for Public Health, National Institutes of Health, Ministry of Health Malaysia; 2020. doi:10.13140/RG.2.2.16329.01121.

Ministry of Health Malaysia. Direct health-care cost of noncommunicable diseases in Malaysia. Putrajaya, Malaysia: Ministry of Health
Malaysia; 2022. Available at: https://www.moh.gov.my/moh/resources/Penerbitan/Rujukan/NCD/NCD_Laporan/HEALTH-COST_of_NCDs-7a-
WEB.pdf. Accessed 11 September 2023.

Walker IF, Garbe F, Wright J, Newell |, Athiraman N, Khan N, et al. The economic costs of cardiovascular disease, diabetes mellitus, and
associated complications in South Asia: a systematic review. Value Health Reg Issues. 2018;15:12-26. doi: 10.1016/j.vhri.2017.05.003.

Clarke PM, Glasziou P, Patel A, Chalmers J, Woodward M, Harrap SB, et al. Event rates, hospital utilization, and costs associated with major
complications of diabetes: a multicountry comparative analysis. PLoS Med. 2010;7: e1000236. doi: 10.1371/journal.pmed.1000236.
Goldhaber-Fiebert JD, Li H, Ratanawijitrasin S, Vidyasagar S, Wang XY, Aljunid S, et al. Inpatient treatment of diabetic patients in Asia: evidence
from India, China, Thailand and Malaysia. Diabet Med. 2010;27:101-8. doi: 10.1111/j.1464-5491.2009.02874 x.

Tuan Kiet Pham H, Tuyet Mai Kieu T, Duc Duong T, Dieu Van Nguyen K, Tran NQ, Hung Tran T, et al. Direct medical costs of diabetes and its
complications in Vietnam: A national health insurance database study. Diabetes Res Clin Pract. 2020;162:108051. doi:
10.1016/j.diabres.2020.108051.

Nguyen C, Luthra R, Kuti E, Willey VJ. Assessing risk of future cardiovascular events, healthcare resource utilization and costs in patients with
type 2 diabetes, prior cardiovascular disease and both. Curr Med Res Opin. 2020;36:1927-38. doi: 10.1080/03007995.2020.1832455.

Fu AZ, Qiu Y, Radican L, Wells BJ. Health care and productivity costs associated with diabetic patients with macrovascular comorbid
conditions. Diabetes Care. 2009;32:2187-92.

Nichols GA, JB Brown. The impact of cardiovascular disease on medical care costs in subjects with and without type 2 diabetes. Diabetes
Care. 2002;25:482-6. doi: 10.2337/diacare.25.3.482.

Nichols GA, Bell TJ, Pedula KL, O'Keeffe-Rosetti M. Medical care costs among patients with established cardiovascular disease. Am J Manag
Care. 2010;16:e86-€93.

Straka RJ, Liu LZ, Girases PS, DeLorenzo A, Chapman RH. Incremental cardiovascular costs and resource use associated with diabetes: an
assessment of 29,863 patients in the US managed-care setting. Cardiovasc Diabetol. 2009 26;8:53. doi: 10.1186/1475-2840-8-53.

Gandra SR, Parasuraman BM, Darin RM, Sherman JJ, Wall JL. Total and component health care costs in a non-Medicare HMO population of
patients with and without type 2 diabetes and with and without macrovascular disease. J Manag Care Pharm. 2006;12:546-54. doi:
10.18553/jmcp.2006.12.7.546.

Jodar E, Artola S, Garcia-Moll, Uria E, Lopez-Martinez N, Palomino R, et al. Incidence and costs of cardiovascular events in Spanish patients
with type 2 diabetes mellitus: a comparison with general population, 2015. BMJ Open Diabetes Res Care. 2020;8:e001130. doi:
10.1136/bmjdrc-2019-001130.

Palmer G, Reid B. Evaluation of the performance of diagnosis-related groups and similar casemix systems: methodological issues. Health Serv
Manage Res. 2001;14:71-81. doi: 10.1258/0951484011912564.

Mathauer |, Wittenbecher F. Hospital payment systems based on diagnosis-related groups: experiences in low- and middle-income countries.
Bull World Health Organ. 2013;91:746-56A. doi: 10.2471/BLT.12.115931.

Medical Development Division, Ministry of Health. MalaysianDRG 2017 and 2018: national base rate, demographic and quality indicator - key
findings. 2020. Available at: https://www.moh.gov.my/moh/resources/Penerbitan/Casemix/Garis%20Panduan/Casemix_Infographic-
2017_2018_.pdf. Accessed 11 September 2023.

Ministry of Health Malaysia. Ministry of Health Malaysia annual report 2018. Available at:
https://www.moh.gov.my/moh/resources/Penerbitan/Penerbitan%20Utama/ANNUAL%20REPORT/ANNUAL%20REPORT %202018.pdf.
Accessed 11 September 2023.

Ministry of Health Malaysia MyHEALTH Portal. International Classification of Diseases — 9th Revision - Clinical Modification (ICD-9-CM). ICD-
9-CM: another challenge and responsibility to medical records personnel in Ministry of Health hospitals. Last reviewed 14 June 2017. Available
at: http://www.myhealth.gov.my/en/international-classification-diseases-9th-revision-clinical-modification-icd-9-cm/. Accessed 7 September
2023.

Zafirah SA, Potential loss of revenue due to errors in clinical coding during the implementation of the Malaysia diagnosis related group (MY-
DRG®) Casemix system in a teaching hospital in Malaysia. BMC Health Serv Res. 2018;18:38. doi: 10.1186/s12913-018-2843-1.

Department of Statistics Malaysia. MyCensus 2020 Portal. Available at: https://www.mycensus.gov.my/. Accessed 11 September 2023.

Jaafar S, Mohd Noh K, Abdul Muttalib K, Othman NH, Healy J. Malaysia health system review. 2013. Available at:
http://mymedr.afpm.org.my/publications/70034. Accessed 11 September 2023.

Quek DKL. The Malaysia health care system: a review. Presented at the Intensive Workshop on Health Systems in Transition, 29—30 April 2009,
Kuala Lumpur, Malaysia.

Page 18/22



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

50.

51.

52.

Chua HT, Cheah JC. Financing universal coverage in Malaysia: a case study. BMC Public Health. 2012;12 Suppl 1(Suppl 1):S7. doi:
10.1186/1471-2458-12-S1-S7.

Franklin K, Goldberg RJ, Spencer F, Klein W, Budaj A, Brieger D, et al. Implications of diabetes in patients with acute coronary syndromes. The
Global Registry of Acute Coronary Events. Arch Intern Med. 2004;164:1457-63. doi: 10.1001/archinte.164.13.1457.

Hao Y, Liu J, Liu J, Yang N, Smith SC Jr, Huo Y, et al. Sex differences in in-hospital management and outcomes of patients with acute coronary
syndrome. Circulation. 2019;139:1776-85. doi: 10.1161/CIRCULATIONAHA.118.037655.

Mohanan PR, Mathew R, Harikrishnan S, Krishnan MN, Zachariah G, Joseph J, et al. Presentation, management, and outcomes of 25 748 acute
coronary syndrome admissions in Kerala, India: results from the Kerala ACS Registry. Eur Heart J. 2013;34:121-9. doi:
10.1093/eurheartj/ehs219.

Negi PC, Merwaha R, Panday D, Chauhan V, Guleri R. Multicenter HP ACS registry. Indian Heart J. 2016;68:118-27. doi:
10.1016/}.ihj.2015.07.027.

Alcover JD, Valones AD, Punzalan FER, Reyes EB. The UP-Philippine General Hospital Acute Coronary Events at the Emergency Room Registry
(UP PGH-ACER). Acta Medica Philippina. 2014;48:18-28.

Srimahachota S, Boonyaratavej S, Kanjanavanit R, Sritara P, Krittayaphong R, Kunjara-Na-ayudhya R, et al. Thai Registry in Acute Coronary
Syndrome (TRACS) - an extension of Thai Acute Coronary Syndrome registry (TACS) group: lower in-hospital but still high mortality at one-
year. J Med Assoc Thai. 2012;95:508-18.

Health Promotion Board. Singapore Myocardial Infarction Registry annual report 2019. Available at:
https://www.nrdo.gov.sg/docs/librariesprovider3/default-document-library/smir-web-report-2019.pdf?sfvrsn=a0d1988b_0. Accessed 11
September 2023.

Albeladi F, Salem IW, Zahrani M, Alarbedi L, Abukhudair A, Alnafei H, et al. Incidence of coronary artery disease in King Abdulaziz University
Hospital, Jeddah, Saudi Arabia, 2019-2020: a retrospective cohort study. Cureus. 2022;14:€28770. doi: 10.7759/cureus.28770.

Cho E, Rimm EB, Stampfer MJ, Willett WC, Hu FB. The impact of diabetes mellitus and prior myocardial infarction on mortality from all causes
and from coronary heart disease in men. J Am Coll Cardiol. 2002;40:954-60. doi: 10.1016/s0735-1097(02)02044-2.

Hu FB, Stampfer MJ, Solomon CG, Liu S, Willett WC, Speizer FE, 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;161:1717-23. doi: 10.1001/archinte.161.14.1717.

Heintjes EM, Houben E, Beekman-Hendriks WL, Lighaam E, Cremers SM, Penning-van Beest FJA, et al. Trends in mortality, cardiovascular
complications, and risk factors in type 2 diabetes. Neth J Med. 2019;77:317-29.

Mata-Cases M, Casajuana M, Franch-Nadal J, Casellas A, Castell C, Vinagre |, et al. Direct medical costs attributable to type 2 diabetes mellitus:
a population-based study in Catalonia, Spain. Eur J Health Econ. 2016;17:1001-10. doi: 10.1007/s10198-015-0742-5.

Shariful Islam SM, Lechner A, Ferrari U, et al. Healthcare use and expenditure for diabetes in Bangladesh. BMJ Global Health. 2017;2:e000033.
doi:10.1136/bmjgh-2016-000033.

American Diabetes Association. Economic costs of diabetes in the U.S. in 2017. Diabetes Care. 2018;41:917-928. doi: 10.2337/dci18-0007.
Colafella KMM, Kate M Denton KM. Sex-specific differences in hypertension and associated cardiovascular disease. Nat Rev Nephrol.
2018;14:185-201. doi: 10.1038/nrneph.2017.189.

Peters. Do smoking habits differ between women and men in contemporary Western populations? Evidence from half a million people in the
UK Biobank study. BMJ Open. 2014;4:e005663. doi: 10.1136/bmjopen-2014-005663.

Erol A, Karpyak VM. Sex and gender-related differences in alcohol use and its consequences: Contemporary knowledge and future research
considerations. Drug Alcohol Depend. 2015;156:1-13. doi: 10.1016/j.drugalcdep.2015.08.023.

Wardle J, Haase AM, Steptoe A, Nillapun M, Jonwutiwes K, Bellisle F. Gender differences in food choice: the contribution of health beliefs and
dieting. Ann Behav Med. 2004;27:107-16.

Dryden R, Williams B, McCowan C, Themessl-Huber M. What do we know about who does and does not attend general health checks? Findings
from a narrative scoping review. BMC Public Health. 2012;12:723. doi: 10.1186/1471-2458-12-723.

Bonhomme JJ. Men's health: impact on women, children and society. J Mens Health Gend. 2007;4:124-30. doi:10.1016/j.jmhg.2007.01.011

Figures

Page 19/22



Casemix system is a
patient classification
system

[ 2 main components |

Di & _
p;::;f,res Cost analysis :
classificarion Patient level
system costing
Proced Di i ~ —
cofing coting. Top down Activity based Cica
(ICD 9 CM) (ICD 10) costing costing pathway

v

MalaysianDRG
code

Cost Group
= Weight
(CGW)

\ 4

HOSPITAL
TARIFF

Figure 1
Design components of the Malaysian DRG Casemix System

ICD-10 = International Classification of Diseases 10t Revision; MY-DRG = Malaysian Diagnosis Related Group. Reproduced with permission from
Zafirah et al. 2018 [27].
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Figure 2
The Malaysian DRGCasemix System workflow

EMR = electronic medical record; EIS = Executive information system; Bl = business intelligence; ID = identification; LOS = length of stay; DoA = date

of admission; DoD = date of discharge; ICU = intensive care unit; DRG = diagnosis related group. Reproduced with permission from Ministry of
Health Malaysia MyHEALTH Portal [28].
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Study design and schema

ICD-10 = International Classification of Diseases 10" Revision; T2DM = type 2 diabetes mellitus; CVD = cardiovascular disease; CVDE =
cardiovascular disease event; ; DRG = diagnosis related group.
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