
Heart Science Journal 2026; 7(2): 70-75 

 
Original Article 

Renal function and potassium changes in HFrEF patients treated with ACEI 
vs. ARNI: A prospective cohort study among Acehnese, Indonesia 

Iffah Munawarah1, Teuku Heriansyah1*, Maimun Syukri2, Adi Purnawarman1, Buchari Buchari3 
 

1 Department of Cardiology and Vascular Medicine, Faculty of Medicine, Universitas Syiah Kuala, Banda Aceh, Indonesia 
2 Department of Internal Medicine, Faculty of Medicine, Universitas Syiah Kuala, Banda Aceh, Indonesia 
3 Department of Clinical pathology, Faculty of Medicine, Universitas Syiah Kuala, Banda Aceh, Indonesia 
 

 

A R T I C L E   I N F O  A B S T R A C T 
 
Keyword : 
ACEI; 
ARNI; 
Heart Failure; 
Potassium; 
Renal Function. 
 

 
Background: Renin-Angiotensin-Aldosterone System (RAAS) acceleration commonly occur in Heart Failure (HF). Drugs such as 
Angiotensin-Converting Enzyme Inhibitors (ACEI) and Angiotensin Receptor-Neprilysin Inhibitors (ARNI) become essential part 
of HF treatment. Long-term consumption may impair kidney function and potassium imbalance, which could potentially limit 
the therapy, therefore we conducted this study to assess the effects of ACEI and ARNI on renal function and potassium level in 
Indonesian patients with heart failure with reduced ejection fraction (HFrEF), as no local studies exist. 
Method: A prospective cohort was performed in Banda Aceh, which comprise of 40 ACEI and 40 ARNI patients on standard 
therapy. Left ventricular ejection fraction (LVEF), serum creatinine level then converted into estimated Glomerular Filtration 
Rate (eGFR), and serum potassium level were measured at baseline and after 3 months into the therapy. Independent t-test was 
applied to compare groups. 
Result: Both ARNI and ACEI groups showed significant improvement in eGFR (p < 0.005). The intergroup difference was 11 
mg/dL (p = 0.038) showed that ACEI had a better outcome in eGFR improvement compare with ARNI. Potassium rose slightly in 
both groups, with an intergroup difference of 0.082 mmol/L (p = 0.623), indicating no meaningful difference. 
Conclusion: Both ACEI and ARNI improved eGFR after 3 months, with a modest potassium increase. 
 

 

1. Introduction 

  
  Heart failure (HF) affects over 20 million population 
worldwide and recognized as a global health problem due to high 
mortality and poor quality of life. The incidence of HF rises yearly, with 
frequent hospital readmissions, making it a major burden.1 About one in 
four hospitalized patients are readmitted within 30 days, and almost half 
within six months. Khan et al. reported increase of readmissions (30–90 
days) between 2010–2017.2 HF results from impaired systolic and 
diastolic function, reducing the heart’s ability to provide enough blood 
for body and meet metabolic needs.3 Left ventricular ejection fraction 
(LVEF) is widely used to assess cardiac function and predict outcomes in 
HF, particularly in reduced ejection fraction (HFrEF).4 

 
  The Renin-Angiotensin-Aldosterone System (RAAS) regulate 
sodium and fluid balance, influencing blood pressure through the heart, 
kidneys, and vessels.5 In HFrEF, RAAS activity is elevated.6 Reduced 
sodium delivery to the distal tubule causes glomerular hypoperfusion 
and sympathetic activation, leading to renin release and a cascade of 
vasoconstriction, fluid retention, and potassium excretion.5 ACE 
inhibitors (ACEIs) block angiotensin I to II conversion, lowering 
angiotensin II levels and RAAS activation.6 Those mechanism reduces 
preload, afterload, improves natriuresis, and lowers vascular pressures, 
lead to improving clinical outcomes in HF.7 For this reason, ACEIs remain 
a cornerstone in HF therapy. 
 

  

  Angiotensin receptor-neprilysin inhibitors (ARNIs) combine 
neprilysin inhibition with RAAS blockade (sacubitril/valsartan).8 They 
enhance remodeling, diuresis, and natriuresis while reducing 
vasoconstriction and fluid retention. Trials show ARNI lowers HF 
readmission and mortality, particularly in HFrEF.8 Consequently, ARNI 
is now among the four pillars of HFrEF therapy with ACEI, beta-
blockers, mineralocorticoid receptor antagonists (MRAs), and SGLT2 
inhibitors.9 

 

  Despite the benefit, RAAS inhibitors can impair kidney 
function which lead to hyperkalemia. The effect could cause dose 
adjustments or discontinuation of the therapy.10 Schmidt et al. found 
>30% serum creatinine rise in over 120,000 ACEI users, highlighting 
renal risks.11 ACEIs may also increase potassium, and both 
hyperkalemia and hypokalemia raise mortality risk.10,12,13 Nevertheless, 
ACEI benefits often outweigh risks. 
 
  ARNI can also affect renal outcomes. Some studies reported 
increased urinary albumin-to-creatinine ratioI.14 Major clinical studies 
including PARADIGM-HF and PIONEER-HF showed ARNI exceeds ACEI 
in enhancing survival and lowering morbidity in HFrEF patients.8–15  
 
  Most evidence derives from Caucasian cohorts, while Asian 
populations remain underrepresented. Genetic, lifestyle, and metabolic 
differences  may  influence  disease  expression and treatment response.  
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Figure 1. Consort flow of the study 

 
 

Hence, this study investigates the outcome of ACEI and ARNI on renal 

function and potassium level in Indonesian HFrEF patients, focusing on 

Acehnese ethnicity.   
 

2. Methods 
 

Study design 
 

  This prospective cohort study was carried out from 
February to April 2023 at Intensive Coronary Care Unit (ICCU) and 
Cardiology Ward of Dr. Zainoel Abidin General Hospital, Banda Aceh, 
Indonesia. It evaluated the outcomes of ACEIs and ARNIs on renal 
function and serum potassium in HFrEF patients.  
 
Ethical approval 
 

  Following the ethical guidelines of the Declaration of 
Helsinki's, The Dr. Zainoel Abidin General Hospital Ethics Committee 
granted approval for this study (No. 124/ETIK-RSUDZA/2023).  
 

Study population 
  
  Purposive sampling identified HFrEF patients receiving 
ACEI or ARNI therapy. Using Slovin’s formula, a minimum of 31 
participants was required; this was increased by 20% to 40 per group. 
Inclusion criteria is adults aged 18–75 with cardiologist-confirmed 
HFrEF (LVEF <50%). With patient with congenital heart disease, 
severe valvular disease, COPD, or late-stage chronic kidney disease 
{stage IV – V or estimated Glomerular Filtration Rate (eGFR) < 30 
mL/min/1.73m² were not included in this study 
 

Data collection 
 

  Baseline   data   included   demographics,   vital    signs   
(blood   pressure,   heart   rate),   body   mass   index   (BMI),   and   LVEF.  
 

Echocardiography used the Simpson method (GE Vivid E95), calculating 
ejection fraction. Comorbidities such as hypertension (SBP ≥140 mmHg 
or DBP ≥90 mmHg) and diabetes (fasting glucose ≥126 mg/dL, 2-hour 
glucose ≥200 mg/dL, or HbA1c ≥6.5%) were noted. Smoking history was 
recorded. Blood specimens were taken from the brachial vein at baseline 
and 3 months to measure creatinine and potassium. All renal data were 
converted into eGFR to provide standardized assessment of renal 
function. 
 
Measure 
 
  To examining renal function, serum creatinine was first 
measured. Serum creatinine level was measured using Jaffe kinetic 
method (Indiko analyzer). Samples were placed in heparin tubes 
(avoiding EDTA, citrate, fluoride). Calibration used ScaI calibrators and 
Nortrol controls, with aliquots stored at –20°C. Values were reported in 
mg/dL. The obtained serum creatinine level was then converted to eGFR 
using the CKD – EPI formula. Results were expressed in 
mL/min/1.73m². 
 
  Potassium was analyzed using Ion Selective Electrodes (ISE) 
on the Nova 5 CRT Electrolyte Analyzer. Sample preparation was similar 
to creatinine testing. Calibration involved replacing reagent tubes and 
adjusting parameters. Results were expressed in mmol/L. 
 
Data analysis 
 

  Baseline characteristics were presented descriptively. 
Continuous data are summarized using mean ± SD or median (min–
max), whereas categorical data were described using frequency and 
percentage. Normality was tested by Shapiro-Wilk. Paired t-tests were 
implemented for normally distributed data, Mann-Whitney U or 
Wilcoxon tests otherwise. A p-value <0.05 indicated significance. 
Analysis used SPSS version 25 (SPSS Inc., Chicago, IL, USA). 
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3. Result 
 

Table 1. Characteristics of the heart failure patients with reduced ejection fraction (n=80) 

Characteristics 
N (%) 

P-Value 
ACEI (n=40) ARNI (n=40) 

Age, mean±SD (years) 56±11 61.5±9 0.007 
Sex   1.00 

Male 31 (77.5) 32 (80.0)  
Female 9 (22.5) 8 (20.0)  

Systolic blood pressure (SDP), mean±SD (mmHg) 122.25±23.77 126.32±23.71 0.459 
Diastolic blood pressure (DBP), mean±SD (mmHg) 70.83±0.96 69.35±10.23 0,706 
Hypertension   1.00 

Yes 17 (42.5) 17 (42.5)  
No 23 (57.5) 23 (57.5)  

Type 2 diabetes mellitus   0.924 
Yes 17 (53.1) 15 (46.9)  
No 23 (47.9) 25 (52.1)  

Smoking   1.00 
Yes 27 (67.5) 27 (67.5)  
No 13 (32.5) 13 (32.5)  

Body mass index (BMI), (kg/m2)   1.00 
Mean±SD  25.39±2.33 24.97±2.76  
Normal 10 (25.0) 20 (50.0)  
Overweight 27 (67.5) 16 (40.0)  
Obese 3 (7.5) 4 (10.0)  

Creatinine Pre 1.05±0.28 1.15±0.27 0.146 
Pottasium Pre 4.1±0.54 4.08±0.59 0.854 
eGFR Pre 72 (39 – 134) 82 (30 – 120) 0.312 

 
 
Table 2. Effect of ACEI and ARNI administration on eGFR among HFrEF patients (n=80) 

Groups 
mL/min/1.73m² 

p-value 
Pre Post 

ARNI (n=40) 78.24±21.90 87.05±17.10 0.002a 

ACEI (n=40) 72(39−134) 99(60 - 114) 0.001b 

a Analyzed with Paired T-test 
b Analyzed with Wilcoxon test 
 
 
Table 3. Comparison of eGFR after ACEI and ARNI administration among HFrEF patients (n=80) 

Groups Delta (Mean  SD) Difference p-valuea 

ARNI  8.8122.0 
11.05 0.038 

ACEI 19,86  22.7 
a Analyzed with Independent sample T-test 

 
Table 4. Effect of ACEI and ARNI administration on potassium levels among HFrEF patients (n=80) 

Groups 
Potassium levels (mmol/L) 

p-valuea 
Pre Post 

ARNI (n=40) 4.0 ± 0.59 4.4 ± 0.60 0.015a 

ACEI (n=40) 4.1 (3.2−5.5) 4.1 (3.2−5.4) 0,036b 

a Analyzed with Independent sample T-test 
b Analyzed with Wilcoxon test 
 
 
Table 5. Comparison of potassium levels after ACEI and ARNI administration among HFrEF patients (n=80) 

Groups Delta (Mean  SD) Difference p-valuea 
ARNI  0.33  0.79 

0.082 0.623 
ACEI 0.25  0.69 

a Analyzed with Independent sample T-test 

 
Table. 6 Metabolic and demographic factors to eGFR changes 

Cofounding Factors B SE p-valuea B CI 95% 
Age 0.475 0.267 0.080 -0.058, 1.008 
Type 2 Diabetes 1.270 5.447 0.013 -9.600, 12.139 
Hypertension -6.643 5.373 0.816 -17.363, 4.078 
RAAS Inhibitor -14.005 5.477 0.013 -24.935, -3.076 
Constant -4.449 14.915   

a Analyzed with Linier Regression test 
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Figure 2. Blood Pressure Response during 3 months follow up periode. 
 

Patient selection 
 
  From 110 screened HFrEF patients, 17 excluded and 13 
declined, leaving 80 participants. They were allocated into ACEI (n=40) 
and ARNI (n=40) groups. Figure 1 outlines the recruitment process. 
 
Baseline characteristics 
 
  Baseline characteristics illustrated in Table 1. The ARNI 
group was older than the ACEI group. Both groups were predominantly 
male. Blood pressure was comparable, though systolic values were 
slightly higher in ARNI patients (126.32±23.71 vs 122.25±23.77 
mmHg). Hypertension, diabetes, and smoking prevalence were similar. 
BMI distribution was also not significantly different. Baseline 
characteristics showed a statistically significant difference in age; 
therefore, multivariate analysis was subsequently performed (Table 6 
and 7) 
 
Blood pressure changes 
 
  Monthly blood pressure monitoring is shown in Figure 2. 
Wilcoxon analysis revealed significant reductions in systolic, diastolic, 
and mean arterial pressure (MAP) after 3 months in both groups (p < 
0.001). 
 
Main findings 
 
  A total of 40 ACEI and 40 ARNI groups was enrolled in our 
study.  Table 2 shows eGFR results. Both groups demonstrated 
improvement in eGFR (p < 0.005). As shown in Table 4, potassium rose 
significantly in both groups after 3 months (p < 0.05). Seven patients 
in each group developed mild hyperkalemia (max 5.4 mmol/L). The 
intergroup difference in eGFR was 11 mL/min/1.73m² (p = 0.038), 
ACEI demonstrated greater improvement in eGFR compared with 
ARNI. Potassium rose slightly in both groups, with an intergroup 
difference of 0.082 mmol/L (p = 0.623), indicating no meaningful 
difference (Table 3 and Table 5). Despite the slight increase in 
potassium levels, no dangerous symptoms were observed, hence the 
therapy was continued. 
 
4. Discussion 
 
  RAAS inhibitors remain essential in HFrEF therapy, but 
increase of kidney function level and dyskalemia often leads to 
discontinuation.16,17 Making regular monitoring of kidney function and 
potassium important 
 

  This study showed ARNI improved patient’s serum 
creatinine level compared to the baseline, consistent with trials such 
as   PARADIGM-HF.7   The   nephroprotective   effect is linked to enhance  
 

the natriuretic peptide activity, reducing inflammation, fibrosis, and 
improving renal perfusion through the decrease of blood pressure and 
arteriole vasodilation.18 Furthermore, ARNI improves renal 
hemodynamics by inducing systemic blood pressure reduction, 
dilatation of afferent arterioles, and relative vasoconstriction of efferent 
arterioles, which collectively enhance renal blood flow18. Improved 
cardiac output may also support renal function, as reported in various 
study such as PARADIGM-HF, PARAGON-HF, and PIONEER-HF.7,14,19 

 
  Patients with ACEI also showed improved serum creatinine, 
contrary to earlier reports of increased levels.4,20–22 Rise of serum 
creatinine are often considered as “pre-renal success,” reflecting renal 
protection.4,22 Increase of serum creatinine level up to 30% which will 
stabilize within the next four weeks are still acceptable. Long-term ACEI 
benefits include reduced intraglomerular pressure, improved filtration, 
and lower albuminuria.  Usage of ARNI enhance renal flow via natriuretic 
peptides, dilating afferent arterioles and relaxing mesangial cells, while 
ACEI dilates efferent arterioles, reducing hyperfiltration but risking 
transient GFR decline and hyperkalemia.23 

 
  Hyperkalemia is a concern in patient with RAAS inhibitors, 
especially in older patients, diabetics, and those with Chronic kidney 
disease (CKD).24 Reduced cardiac output decreases renal perfusion, 
activating RAAS and sympathetic pathways. While initially adaptive, this 
contributes to electrolyte imbalance. ACEI and ARNI both suppress 
aldosterone, limiting potassium excretion. Adding MRAs further 
increases risk by directly blocking aldosterone-driven sodium 
reabsorption and potassium elimination.25,26 

 
  In this study, potassium rose significantly in both groups, with 
mild hyperkalemia (potassium level was > 5 to  6 mmol/L) found in 14 
patients. No difference was found between ACEI and ARNI, consistent 
with PARADIGM-HF and PIONEER-HF studies where hyperkalemia rates 
were similar.7,14,24 Severe hyperkalemia (potassium level > 7 mmol/L) 
was rare in both groups.7 Although Mineralocorticoid Receptor 
Antagonists (MRAs) increase the risk further, ARNI may carry a slightly 
lower risk than ACEI, but close monitoring is essential. 
 
 This is the first Indonesian study to compare both ARNI and 
ACEI on renal function and potassium level as the side effect of the 
therapy. Both groups improved serum creatinine level, with no 
difference in hyperkalemia or MACE incidence, consistent with 
Heriansyah et al.27 

 

  Various factors may explain the differences between the 
findings of this study and those of earlier research, including variations 
in patient ethnicity, age, body mass index (BMI), metabolic factors such 
as hypertension and diabetes mellitus, treatment duration, and 
medication dosing. For example, Desai et al. conducted their research in 
a   U.S. cohort  with   a   mean  BMI  of 30  kg/m²,  and  ARNI  therapy was  
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Pre 1 month 2 month 3 month

SBP-ACEI 122 116 112 111

SBP-ARNI 126 119 114 110

MAP-ACEI 88 84 84 81

MAP-ARNI 88 86 84 82

DBP-ACEI 70 68 70 67

DBP-ARNI 69 70 69 68

60
70
80
90

100
110
120
130

Blood pressure Response During 3 months Follow-Up
p = 0.000
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escalated to the target dose of 97/103 mg. Conversely, the current study 
involved Indonesian participants with an average BMI of 25 kg/m², and 
the ARNI dosage remained below the maximum. Moderation in ARNI 
dosage is likely due to a more pronounced blood pressure-lowering 
effect observed in the Indonesian population compared to Caucasians, 
which may present challenges in achieving full titration. The Acehnese 
population has a distinct regional dietary pattern characterized by high 
intake of sodium, fat, and sugar. This pattern may affect their metabolic 
profile; therefore, the changes in eGFR and potassium levels observed in 
this study were likely influenced not only by medication but also by 
other factors, including metabolic conditions. 
 
  This study has several limitations: (1) the sample size was 
limited and from a single institution; Future studies are recommended 
to use a randomized controlled trial (RCT) design to ensure better 
control of the study population and minimize potential bias, (2) the 
follow-up duration was short; (3) the influence of dosage variations on 
outcomes did not evaluate in this study; and (4) information regarding 
additional heart failure therapies administered to patients was not 
reported. 
 
5. Conclusion 
 
  Significant improvement in eGFR was observed in HFrEF 
patients received with both ACEI and ARNI after three months of 
therapy. Additionally, while both therapies demonstrated improved 
eGFR during the 3 months follow-up period, a slight increase in serum 
potassium levels was observed in both groups. 
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