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Abstract— Hypertension and diabetes mellitus are the 

leading risk factors for cardiovascular diseases, which 

are increasing rapidly throughout the world. 

Hypertension is a non-communicable disease that remains 

a health problem in Indonesia, with a prevalence of up to 

34.11% in 2018. This research was intended to identify 

cost- effective antihypertensive medication for inpatients 

with hypertension-diabetes mellitus and hypertension-

heart failure. The research method used a retrospective 

cohort design and measured blood pressure (BP) 72 

hours after treatment as the outcome of the observation. 

Based on a payer perspective, the medical expense was 

calculated from direct medical costs written in billing 

invoices. The research subjects were inpatients with 

hypertension-diabetes mellitus and hypertension-heart 

failure at a government hospital in Yogyakarta, 

Indonesia. In the cost- effectiveness analysis, Incremental 

Cost-Effectiveness Ratio (ICER) was calculated by 

dividing the difference in cost by the difference in the 

outcome of hypertension treatment.In the 

antihypertensive medication of hypertension-diabetes 

mellitus inpatients, angiotensin-receptor   blockers/ 

calciumchannel blockers (ACB-CCB) were found to be 

more cost-effective than CCB with incremental costs of 

IDR 191,405/488,864 for every mmHg decrease of 

systolic/diastolic BP. Meanwhile, in the antihypertensive 

treatment of hypertension-heart failure inpatients, the 

combination of angiotensin-converting- enzyme 

inhibitors (ACEI) and diuretics was more cost-effective 

than ACEI-CCB (ICERs= IDR 8,303,483/-39,856,718 per 

mmHg) and ARB (ICERs= IDR 3,627,694/-2,380,075 per 

mmHg).In conclusion, ARB-CCB is a cost-effective 

medication for hypertension-diabetes mellitus inpatients, 

while ACEI-Diuretics offers a cost-effective hypertensive 

treatment for hypertension-heart failure inpatients. 

Keywords: Cost-effectiveness analysis, antihypertensive, 

inpatient, hypertension-diabetes mellitus, hypertension-

heart failure. 

I. INTRODUCTION 

 

Hypertension and diabetes mellitus are the leading risk 

factors for cardiovascular diseases, which are 

increasing rapidly throughout the world [1]. 

Hypertension is a type of non- communicable disease 

that remains a health problem in Indonesia. Also, it has 

a 34.11% prevalence among populations aged ≥18 

years in the country [2]. 

Hypertensive patients commonly own higher risks of 

developing diabetes mellitus that can trigger 

cardiovascular diseases [3]. Diabetes mellitus is the 

most frequent complication (60.60%) [4]. [5]. The 

prevalence of hypertension with diabetes mellitus as 

comorbidity is 10.26%; 26.4% of which has a family 

history of diabetes (26.4%), and 20.4% has a family 

history of hypertension [6]. Diabetes mellitus and 

hypertension often co-occur [7]. Throughout the world, 

both diseases persistently increase in prevalence and 

cause severe complications, including cardiovascular 

diseases and chronic kidney failure, which in the long 

term, raise the risk of death by 50% in diabetic patients 

with hypertension and around 20%  in hypertensive 

patients with diabetes mellitus. People with 

hypertension or diabetes mellitus have 1.5 to 2.0 times 

higher risk of suffering from both conditions [8].  

The etiology of heart failure is hypertensive heart 

disease (47.7%), and to treat this, discharged patients 

receive loop diuretics (97.9%), ACEI (70.9%), beta-

blockers (36.9%), and aldosterone antagonist (50.6%) 

[9]. Thiazide diuretics are reported to exhibit better 

effectiveness than ACEI in cases of acute myocardial 

infarction (HR=0.84; 95% CI 0.75-0.95), 
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hospitalization due to heart failure (0.83; 0.74-0.95), 

and stroke (0.83; 0.74-0.95) [10]. Hypertension 

treatment has been verified to prevent and reduce many 

clinical presentations related to heart failure, such as an 

increase in left ventricular hypertrophy (LVH) and left 

ventricular mass [11]. 

 

Incremental Cost-Effectiveness Ratio (ICER) is the 

difference in treatment costs divided by the difference 

in the medication effects. It is a vital component in 

cost-effectiveness analysis [12].This research was 

intended to identify cost-effective antihypertensive 

medication for inpatients with hypertension- diabetes 

mellitus and hypertension-heart failure. 

 

II. METHODS 

This study has received ethical approval, No. 

KE/FK/0200/EC/2019, from the Medical and Health 

Research Ethics Committee (MHREC) of the Faculty 

of Medicine, Universitas Gadjah Mada. With a 

retrospective cohort design, it measured drug 

effectiveness from the treatment outcome, viz. 

decreased systolic and diastolic BP (mmHg) 72 hours 

after the administration of antihypertensives. Based on 

a payer perspective, the medical expense was 

calculated from direct medical costs written in billing 

invoices. The research subjects were inpatients with 

hypertension-diabetes mellitus and hypertension-heart 

failure at a government hospital in Yogyakarta, 

Indonesia.  

These subjects were selected using a set of inclusion 

criteria, namely inpatients diagnosed mainly with 

hypertension (ICD10: I10), taking antihypertensives, 

registered as BPJS (health insurance) participants, and 

in their first hospital admissions. Meanwhile, inpatients 

were excluded when they had taken different 

medications during the observation phase and their 

medical records and outcome measurements were 

incomplete. 

In the cost-effectiveness analysis, Incremental Cost-

Effectiveness Ratio (ICER) was calculated by dividing 

the difference in cost by the difference in the outcome 

of hypertension treatment in two groups of inpatients. 

This research also employed a difference test, namely, 

t-test, to determine the absence or presence of 

difference in mean systolic-diastolic BP among the 

groups (based on sex, age, type of therapy, and length 

of hospital stay). Bivariate analysis using a chi-square 

test was also used to ascertain the factors contributing 

to changes in BP after undergoing the treatment (i.e., 

sex, age, type of therapy, and length of hospital stay). 

 

III. RESULT 

 

A. Hypertension-diabetes mellitus 
A total of 35 patients met the inclusion and exclusion 

criteria, 24 of which took ARB-CCB combination, and 

the remaining 11 underwent monotherapy with CCB. 

As calculated using ICER, the cost-effectiveness of 

hypertension therapy in hypertension- diabetes 

mellitus inpatients is presented in Table 1. 

 
Table 1. The ICERs of hypertension-diabetes mellitus 

treatment 

 
 

Therapy 
Mean Cost 

(IDR) 

Therapeutic 

Effectiveness 

(mmHg) 

ICER 

(IDR/m 

mHg) 

ARB-CCB 3,873,781.70 26.54/6.46 
191,405/48 
8,864 CCB 2,760,874.22 20.73/4.18 

 

Seventy-two hours after the treatment, the BP 

reductions (outcomes) in hypertension-diabetes 

mellitus inpatients were averagely 24.71 mmHg 

systolic BP and 5.74 mmHg diastolic BP. The length of 

stay (LOS) was averagely seven days; hence, in the t-

test and analysis of contributing factors, it was 

categorized into two, namely, less than and equal 

to/more than seven days. The t- test results, aiming to 

determine the changes in systolic and diastolic BP, are 

summarized in Table 2. 

 
Table 2. The difference t-test results of changes in the systolic 

and diastolic blood pressure of hypertension-diabetes 

mellituspatients 

 

Patient characteristics 
p-values 

Systolic Diastolic 

Sex Male  
0.800 0.893 

Female 

Age <60 y.o. 
0.430 0.488 

>60 y.o. 

Type of Therapy ARB-CCB 
0.172 0.541 

CCB 

Length of Stay <7 days 
0.050 0.546 

≥7 days 

 

 

The analysis results of factors that were predicted to 

influence changes in systolic and diastolic BP 

(<average and ≥average) in hypertension-diabetes 

mellitus inpatients are presented in Table 3 
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Table 3. Factors predicted to influence blood pressure in 

hypertension- diabetes mellitus patients 
 

Systolic Diastolic 

Factors 
  

p- 

values 

Relative 

Risk 

(RR) 95% 

CI 

 

p- 

values 

Relative 

Risk 

(RR) 

95% CI 
Sex    Male   0.955 

(0.491- 
1.554) 

 0.577 
(0.265- 
1.257) 

Female 0.890 0.129 

Age   <60 y.o.  0.800 
(0.418- 
1.533) 

 0.500 
(0.282- 
0.885) 

>60 y.o. 0.521 0.032 

Type of 
Therapy    

ARB- 
CCB  

 

0.109 
2.000 

(0.736- 
5.433) 

 

0.915 
1.040 

(0.504- 
2.148) CCB   

Length 
of Stay 

  1.484 
(0.754- 
2.921) 

 0.944 
(0.496- 
1.798)  <7 days 0.238 0.862 

 
A. Hypertension-heart failure 

A total of 32 patients met the inclusion and exclusion 

criteria, 13 of which took ACEI-Diuretics, 13 used 

ACEI-CCB, and 6 received ARB. As calculated using 

ICER, the cost-effectiveness of hypertension therapy in 

hypertension-heart failure inpatients is reported in 

Table 4 

 
Table 4. The ICERs of hypertension-heart failure 

treatment 
 

 

Therapy 
Mean 

Cost 

(IDR) 

Therapeutic 

Effectiveness 
  (mmHg)  

ICER 

(IDR/mmHg) 

ACEI- 
     Diuretics  

29,044,755.57 29.77/8.23 8,303,483/ 

ACEI-CCB 13,715,248.46 27.92/8.62 -39,856,718 

ACEI- 
Diuretics 

29,044,755.57 29.77/8.23 3,627,694/ 

ARB 11,743,443.64 25.00/15.5 -2,380,075 

ACEI-CCB 13,715,248.46 27.92/8.62 
 

674,565/ 

ARB 11,743,443.64 25.00/15.5 
-286,407 

 

Hypertension-heart failure inpatients experienced a 

decrease of averagely 22.59 mmHg systolic and 9.72 

mmHg diastolic BP. The length of stay (LOS) was 

averagely five days; hence, in the t-test and analysis of 

contributing factors, it was categorized into two, 

namely, less than and equal to/more than five days. 

The t- test results, aiming to determine changes in 

systolic and diastolic BP, arepresented in Table 5 

 

 

 

 
Table 5. The difference t-test results of changes in the 

systolic and diastolic blood pressure of hypertension-

heart failure patients 

 

Factors 
   p-values  

  Systolic  Diastolic  

Sex Male 
0.835 0.649 

 Female 

Age <60 y.o. 
0.496 0.258 

 >60 y.o. 

Length of Stay <5 days 
0.246 0.300 

 ≥5 days 

Type of Therapy ACEI-Diuretics 
0.254 0.198 

 ACEI-CCB 

*Type of therapy: comparison of only two groups that fulfilled the 

conditions of the analysis 

 

The analysis results of factors predicted to influence 

changes in the systolic and diastolic BP (<average 

and ≥average) of hypertension-heart failure inpatients 

are presented in Table 6 

 
Table 6. Factors predicted to influence blood pressure in 

hypertension- heart failure patients 

Factors 

Systolic Diastolic 

p-
values 

RR (95% CI) 
p-

values 
RR (95% CI) 

Sex Male  

0.863 
0.929 

(0.399-2.166) 
0.102 

1.917 

(0.928-3.960) 
Fema

le 

Age <60 

y.o. 
0.688 

1.167 
(0.545-2.497) 

0.025 
2.852 

(0.980-8.303) >60 

y.o. 

Leng

th of 
Stay 

 

<5 

days 
0.169 

0.599 
(0.289-1.241) 

0.821 
0.912 

(0.414-2.008) ≥5 

days 

Type 

of 
Ther

apy 

ACEI

-
Diure

tics 
0.239 

1.600 

(0.711-3.600) 
0.116 

2.000 

(0.796-5.027) 

ACEI
-CCB 

*Type of therapy: comparison of only two groups that fulfilled the 

conditions of the analysis 

 

IV. DISCUSSION 

A. Hypertension-diabetes mellitus 
Based on the ICER presented in Table I, ARB-CCB 

was more cost-effective than CCB with incremental 

costs of IDR 191,405 and 488,864 per 1 mmHg 

decrease of systolic and diastolic BP, respectively. The 

ARB-CCB combination costs more expensive than 

CCB (monotherapy). However, this high price is 

comparable to the better effectiveness of ARB-CCB 
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relative to CCB. In conclusion, hypertension therapy 

with ARB-CCB combination is more cost-effective in 

lowering BP of inpatients with hypertension-diabetes 

mellitus. At a standard dose, it results in more 

significant reductions in systolic and diastolic BP than 

high-dose monotherapy of CCB [13]. 

 

As seen in Table 2, the t-test revealed that the changes 

in systolic and diastolic BP had no significant 

differences (p≥0.05). Sex (male or female) is reported 

to have a significant negative correlation with BP 

levels [14]. 

 

Factors predicted to affect changes in systolic BP were 

the type of therapy (RR=2.000; 0.736-5.433) and 

length of stay (RR=1.484; 0.754-2.921). Overall, ARB-

CCB led to better hypertension control than CCB 

(RR=1.17, 95% CI: 1.08-1.26) [13]. The variables 

observed (i.e., sex, age, calorie intake from drinks, 

calorie intake from food, change in body weight, initial 

BP, and physical exercise) were not predictors of 

diastolic BP reduction [15]. 

 

A. Hypertension-heart failure 
Based on the ICERs in Table 4, ACEI-Diuretics 

combination was more cost-effective in lowering 

systolic BP than ACEI- CCB, with an incremental cost 

of IDR 8,303,483. Angiotensin- converting-enzyme 

inhibitor (ACEI) and angiotensin II receptor blockers 

(ARB) are used primarily to treat hypertension and 

beneficial to improving heart failure and chronic 

kidney disease [16]. Adding diuretics instead of β-

blockers to the treatment of hypertensive patients with 

a history of cerebrovascular accident (CVA) and 

ACEI/ARB and CCB use is deemed more therapeutic 

[17]. 

 
In lowering the diastolic BP, absolute ACEI-CCB was 
more cost - effective than ACEI-Diuretics, with an 
ICER of IDR - to prevent stroke and myocardial 
infarction (MI) among Chinese patients with 
uncontrolled hypertension [21]. Contrary to systolic BP 
reduction, ARB was more cost-effective in lowering 
diastolic BP than ACEI-CCB, with an ICER of IDR - 
286,407. ARB is proven to be more cost-effective 
compared to CCB, ACEI, and β-blocker [22][23]. 
 
As seen in Table V, the t-test revealed that the changes 
in systolic and diastolic BP had no significant 
differences (p≥0.05). Sex (male or female) is reported 
to have a significant negative correlation with BP 
levels [14]. Although the BP- lowering effects of all 
antihypertensive drugs tested in the study had no 
significant differences, discontinuation is a 
consequence of undesirable side effects. For 
instance, diuretics can induce frequent urination, 

which potentially leads to lowered adherence to 
medication [24]. 
 
The factor predicted to modify systolic BP is the type 
of therapy (RR=1.6; 0.711-3.600). In patients with a 
previous history of cerebrovascular accident (CVA), 
ACEI-CCB-Diuretics combination enables them to 
have a significantly higher event- free survival from 
acute myocardial infarction (AMI) than ACEI- CCB-β-
blockers   (HR=1.56;   95%   CI   1.051-30.307; p 
<0.05) [17]. Factors predicted to affect changes in 
systolic BP were age (RR=2.852; 0.980-8.303), type   
of therapy (RR=2.0; 0.796-5.027), and sex (RR=1.917; 
0.928-3.960).  Age is a predictor of hypertension 
(OR=1.052; CI=1.034-1.070, P=0.001), and 
hypertension is significantly correlated with age 
(r=0.416, P=0.001) [25][17]. 
 

V. CONCLUSION 

 

In conclusion, ARB-CCB is a cost-effective 

medication to lower blood pressure in hypertension-

diabetes mellitus inpatients, while ACEI-Diuretics 

offers a cost-effective hypertensive treatment for 

hypertension-heart failure inpatients. 
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