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Purpose: National formulary restrictions in Indonesia (2019) require estimated glomerular
filtration rate (eGFR) of less than 60 mL/min/1.73 m? to be able to prescribe telmisartan and
valsartan and ACE-I intolerance to be able to prescribe irbesartan and candesartan. These
restrictions are based on economic considerations and differ from American Diabetes
Association (ADA) (2020) guidelines which allow equal use of angiotensin II receptor blockers
(ARB) and angiotensin-converting enzyme inhibitors (ACE-I) without restriction. Since there is
aneed to evaluate the different effects of ACE-I and ARB in the Indonesian hypertensive type 2
diabetes mellitus (T2DM) population, we compare their effects on urine albumin-to-creatinine
ratio (UACR), estimated glomerular filtration rate (¢éGFR), and blood potassium level.
Patients and Methods: A prospective cohort study at RSUPN Dr. Cipto Mangunkusumo
Hospital was conducted in 123 T2DM patients. We followed the study subjects prospectively
for three months using a validated questionnaire, health record, and laboratory data.
Results: After 3 months of observation, there were no significant changes, except increased
BMI values (p = 0.046) in the ACE-I group, and decreased LDL value (p = 0.016) and HDL
value (p = 0.004) in the ARB group. Multivariate analysis showed that the consumption of
ACE-I or ARB was not associated with a decrease/constant of UACR or increase potassium
level, even after adjusting by confounding variables. Interestingly, we found ARB was more
likely to increase eGFR, but the significance was lost once the duration of ACE-I/ARB use
was entered into the model. In addition, BMI >25 kg/m?> was a significant factor associated
with decreased/constant UACR, maleness was significant for increased eGFR, and declining
systolic blood pressure for increase in potassium level.

Conclusion: ACE-I and ARB have a similar effect on UACR and blood potassium level,
but ARB slightly increased eGFR compared to ACE-I within three months of consumption.
Keywords: type 2 diabetes mellitus, UACR, eGFR, chronic kidney disease, angiotensin-

converting enzyme inhibitors, angiotensin II receptor blockers

Introduction

Diabetes mellitus (DM) and hypertension are the main causes of end-stage renal
disecase (ESRD). According to a survey by the Indonesian Renal Registry, DM
accounted for 21% and hypertension 51% of all cases of ESRD." It is known that
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blood-pressure control slows the progression of renal-
function decline in DM with hypertension. Research con-
ducted at Dr. Hasan Sadikin Hospital in Indonesia showed
that, based on serum creatinine, urea, and eGFR values,
the antihypertensive therapy profile used could control the
kidney function of T2DM patients with chronic kidney
disease (CKD) complications during the three months of
the study. In that study, ARB was more frequently pre-
scribed than ACE-1.% In many other countries, ARBs were
more preferable,” however in middle-income countries
ACE-I is more preferable. In Indonesia, this statement
was supported by National Formulary restrictions in pre-
scribing ARB.

According to ADA (2020), both
converting enzyme inhibitors (ACE-I) and ARBs are first-
line therapy for T2DM patients with albuminuria (UACR
> 30 mg/g) in reducing the risk of progressive kidney

angiotensin-

disease.” However, national formulary restrictions in
Indonesia (2019) require estimated glomerular filtration
rate (eGFR) results of less than 60 mL/min/1.73 m* for
prescription of telmisartan and valsartan and ACE-I intol-
erance present after at least one month’s prescription for
switching to irbesartan or candesartan. These restrictions
are solely based on economic considerations.’

Evidence about which antihypertensive group is more
effective is still unclear. Kishore reported that ARB had
a better effect on UACR outcome than ACE-L.° However,
several studies have showed no difference in outcomes
using ACE-I or ARB.”” In contrast, a systematic review
and meta-analysis of 110 randomized control trials by Xie
et al found that ACE-I was slightly better than ARB in
reducing the odds of kidney failure from 39% to 30%."°
Moreover, ACE-I and ARB could cause hyperkalemia, and
this can become worse with renal insufficiency and dia-
betes. Bandak et al reported that ACE-I has a higher risk
than ARB in increasing blood potassium levels.'' In our
previous study, a cross-sectional study by Agustina et al
found that ACE-I and ARB had an equal effect on albu-
minuria and hyperkalemia in Indonesian hypertensive
T2DM patients, even after correction by confounding
variables.'?> A cross-sectional design does not represent
the longitudinal effects of the examined treatments, and
so cohort studies are needed to deliver data relating to
these issues.

Since the effect of these two groups of drugs is influ-
enced by variability between individuals, an in-depth
investigation is needed to assess their effectiveness in the
Indonesian population. Therefore, using a prospective

cohort study, we aimed to develop more detailed compar-
isons of the efficacies of ACE-I and ARB specific to
Indonesian T2DM patients, measured by UACR and esti-
mated glomerular filtration rate (eGFR), and also by their
level

side effects on increasing blood potassium

(hyperkalemia).

Patients and Methods

A prospective cohort study was conducted at Cipto
Mangunkusumo Hospital (RSCM), Jakarta, a national
referral hospital in Indonesia, from November 2018 to
April 2019. All study subjects were followed for three
months.

Patients

This research involved T2DM outpatients with hyperten-
sion attending Cipto Mangunkusumo Hospital. Patient
enrollment criteria (Figure 1) were patients with ACE-I
or ARB prescriptions for at least two months and aged
over 18 years. Pregnant or breastfeeding patients, patients
taking corticosteroids or birth-control pills, patients with
severe liver disease, patients with severe anemia, and
patients on dialysis or with ESRD were excluded from
this study. During the study, we kept in contact with the
study subjects or their caregivers by mobile phone to
prevent them from dropping out altogether or missing
follow-up sessions. The doctors or nurses involved also
reminding them about their monthly visits.

Study Approval and Informed Consent
This study was approved by the Ethical Committee of the
Medical Faculty, Cipto Mangunkusumo Hospital (FKUI-
RSCM), Universitas Indonesia, Jakarta, Indonesia
(No. 222/UN2.F1/ETIK/2018) and was conducted in
accordance with the ethical principles of the Declaration
of Helsinki. All patients enrolled had given informed
consent.

Clinical Data Collection

The variables analyzed were sociodemographics, BMI,
adherence, and clinical data. The clinical data were blood
pressure, blood lipids, blood glucose, UACR, and eGFR.
Weight was measured with a digital scale and height with
a Microtoise. Patient adherence was scored using pill
counts and a Morisky, Green, and Levine Medication
Adherence Questionnaire (MAQ)."* Blood pressure was
measured with a digital blood-pressure monitor and fasting
blood glucose with a glucometer. UACR was measured
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Figure | Flowchart of patient enrollment.

with NycoCard™ U-Albumin (Abbott, USA) and eGFR
was calculated using the CKD-EPI equation. Fasting lipid
profiles (triglycerides, HDL cholesterol, total cholesterol,
LDL cholesterol) and creatinine were measured using
ARCHITECT ¢8000 Clinical
(Abbott, USA).

Chemistry  Analyzer

Statistical Analysis

Data analysis was performed using IBM SPSS statistical
software, Version 22 for Windows (IBM, New York, USA).
The confidence interval used was 95% with a = 0.05. To
handle missing data, we conducted available case analysis.
This technique enables the removal of cases from analysis
where they have missing values but includes those cases
where all values are present. As a result, sample sizes vary
between the variables used. Data processing included uni-
variate, bivariate, and multivariate analysis. First, data

distribution was examined with the Kolmogorov—Smirnov
test. Comparison between the groups (ACE-I, ARB) of
baseline data and three-month-data differences were per-
formed using the paired ¢-test (for parametric data) and the
Wilcoxon test (for non-parametric data). Chi-square testing
was used to compare the categorical variables. We con-
ducted binomial logistic regression for multivariate analy-
sis. Prior to carrying out multivariate analysis, we
performed a variable selection using the bivariate test, in
which the selected variables with p value < 0.25 were
included in the model. Our study objective is to compare
the effects of ACE-I and ARB on urine albumin-to-
creatinine ratio (UACR), estimated glomerular filtration
rate (eGFR), and blood potassium level. Therefore, we
considered using the backward likelihood ratio method for
adjusting the confounders in the multivariate analysis. We
also conducted goodness-of-fit testing and multicollinearity
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diagnostics. A p < 0.05 was required for statistically sig-
nificant consideration.

Results

During the research, 167 participants were enrolled, but 44
were dropped because they refused to participate in the
follow-up study, moved to another hospital, or underwent
a switch in therapy. A total of 123 outpatients was analyzed
(Figure 1). Table 1 shows the basic characteristics of the
study subjects. The majority of participants in this study
(56.9%) were female, and the average age of the subjects in

Table | Baseline Characteristics of Study Subjects

Characteristics ACE-I ARB
(n=55) (n=68)

Sex

Male 27 (49.1) 26 (38.2)

Female 28 (50.9) 42 (61.8)
Age

3140 years I (1.8) I (1.5)

41-50 years 4(333) 8 (66.7)

51-60 years 27 (49.1) 30 (44.1)

> 60 years 23 (41.8) 29 (42.6)
Occupation

Employee 12 (21.8) 17 (25.0)

Unemployed 43 (78.2) 51 (75.0)
Education level

No education 0 2(29)

Primary school 9 (16.4) 9(13.2)

Junior high school 23 (41.8) 23 (33.8)

Senior high school 4 (7.3) 6 (8.8)

Academy/university 19 (34.5) 28 (41.2)
T2DM duration

< 5 years 25 (45.5) 25 (36.8)

> 5 years 30 (54.5) 43 (63.2)
Hypertension duration

< 5 years 16 (29.1) 6 (8.8)

> 5 years 39 (70.9) 62 (91.2)
Smoking

Never smoker 40 (72.7) 53 (77.9)

Past smoker 9 (16.4) 12 (17.6)

Smoker 6 (10.9) 3 (44
T2DM medication

Oral 23 (41.8) 26 (38.2)

Injection 15 (27.3) 15 (22.1)

Oral + injection 17 (30.9) 27 (39.7)

(Continued)

Table | (Continued).

Characteristics ACE-I ARB
(n=55) (n=68)
Other antihypertensive
None 11 (20.0) 5(7.4)
| 14 (25.5) 10 (14.7)
2 6 (10.9) 24 (35.3)
3 3(5.5) 15 (22.1)
4 1 (1.8) 4(5.9)
5 1 (1.8) 0 (0)
ACE-I or ARB previous duration
< 3 months 19 (15.4) 6 (4.87)
4-6 months 11 (8.94) 9 (7.31)
> 6 months 25 (20.32) 53 (43.08)
Nephrotoxic drug
Yes 43 (78.2) 55 (80.9)
No 12 (21.8) 13 (19.1)
Diuretic drug
Yes 8 (14.5) 4(5.9)
No 47 (85.5) 64 (94.1)
Medication adherence by pill
counting
100-75% 37 (67.3) 52 (76.5)
50-74% 5 (9.0 7 (10.3)
25-49% 2 (3.6) 4 (5.9
0-24% 7 (12.7) I (1.5)

Note: Data shown as n (%).

both groups was below 60. Most of the participants in both
the ACE-I and ARB groups were non-smokers. Participants
in both groups were mostly unemployed (78.2% of the ACE-
I group and 75% of the ARB group). The percentage of
academy/university graduates was slightly higher in the
ARB group (41.2%) than in the ACE-I group (34.5%). The
average duration of DM in subjects who took ACE-I was
eight years, shorter than the ARB group (ten years). The
average duration of hypertension in the ACE-I group was
six years, shorter than the ARB group (ten years). In the
ACE-I group, we found that the most-used therapy was oral
antidiabetics (41.8%), whereas in the ARB group it was
a combination of oral and injection therapy (39.7%). In
both groups, patients mostly had a history of using ACE-I/
ARB for more than six months before this study. After three
months of observation, there were no significant differences
in clinical parameters, including UACR, eGFR, and potas-
sium level, except for BMI in the ACE-I group, and LDL and
HDL levels in the ARB group (Table 2). Bivariate analysis
was used to choose the variables included in multivariate
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Table 2 Clinical Characteristics Before and After Observation
Characteristics ACE-I ARB

Baseline Post 3 Months p-value | Baseline Post 3 Months p-value

Fasting glucose 140 (117-172) 140 (123-183) 1.00° 132 (105.50-168.0) 138.50 (105.50-184.25) 0.206°
LDL 118 (96.5-138.25) 113.5 (91.50-133.25) 0.090° 111 (93-158) 107 (88.0-134.74) 0.016%
HDL 45.50 (38.00-52.25) 45 (37.75-49.25) 0.22° 44 (36-52) 41 (36-47.75) 0.004°*
Triglyceride 149 (100-181.25) 139.50 (93-173.0) 0.197° 149 (106-200.5) 139 (109.50) 0.4217
Systolic blood pressure 135.42 (21.91) 132.16 (15.95) 0.288° 134.08 (24.94) 135.19 (17.60) 0.854*
Diastolic blood pressure | 76.67 (13.41) 76.69 (10.57) 0.983" 76.32 (11.31) 75.26 (11.93) 0.724*
HbAlc 7.76 (1.56) 7.9 (2.01) 0.118 7.79 (1.82) 7.95 (2.01) 0.848°
Total cholesterol 189 (37.55) 188.80 (49.42) 0.836" 186.70 (43.09) 188 (49.42) 0.755*
Creatinine 86.15 (65.41) 85.49 (60.04) 0.209* 96.91 (84.24) 86.07 (61.36) 0.680°
UACR 26.20 (13.90-127.90) 25.40 (13.90-191.60) 0.404° 34.15 (18.35-292.73) 47.25 (15.83-262.95) 0.103°
Albumin 2100.23 (700.91-7400.80) | 2096 (1000.76-15587) | 0.162° 3830 (629.82-18777.59) | 2647.97 (801.02-27449.57) | 0.195°
sCR 1.00 (0.80-1.30) 1.1 (0.86-1.30) 0.306° 1.14 (0.90-1.32) 1.10 (0.90-1.40) 0.726°
eGFR 70.60 (55.20-89.30) 70.10 (55.40-83.30) 0.108° 62.20 (46.05-80.23) 60.85 (47.55-77.83) 0811°
Potassium 4.80 (4.40-5.30) 4.80 (4.40-5.20) 0.715° 4.85 (4.24-5.25) 4.90 (4.40-5.28) 0.139°
BMI 26.94 (4.37) 27.28 (4.45) 0.046™* 26.77 (4.05) 26.85 (4.07) 0.215*
MAQ 1 (04) 1 (04) 0.378° 1 (0-3) 1 (0-4) 0.876°

Notes: Data in mean (SD) or median (Q25-Q75). *Paired t-test; ®Wilcoxon; *significant.

analysis, with p < 0.25 as the significance level for criterion  Dijscussion

selection. Interaction tests were not performed since bivariate
analysis did not identify statistically significant subgroup
differences.

Bivariate analysis showed that there was an insignif-
icant correlation between BMI and eGFR in both groups.
However, as BMI and UACR showed a significant corre-
lation the author included BMI into the multivariate ana-
lysis. Logistic regression analysis showed that the
consumption of ACE-I or ARB was not associated with
a decreased/constant in UACR, even after being controlled
with confounding variables (Table 3). However, we found
that BMI > 25 was a significant factor associated with
decreased or maintained UACR. In terms of increased
eGFR, we found that ARB was more likely to increase
eGFR compared to ACE-I (Table 4). Men were also more
likely to have an increase in eGFR (Table 4). However, the
significance of this result was lost after the duration of use
of ACE-I/ARB was entered in the model. As can be seen
in Table 5, neither drug (ACE-I or ARB) was associated
with increase in potassium level, even after control by
confounding variables. Declining systolic blood pressure
was the only significant factor associated with increase in
potassium levels. According to goodness-of-fit testing, all
models showed p > 0.05, indicating that all models fit the
data. Multicollinearity test results also showed that the
obtained VIF values were between 1 and 1.5, indicating
that there were no multicollinearity symptoms.

The average BMI of study subjects at baseline in both
groups was in the overweight range (>25 kg/m?). The
significant BMI increase in the ACE-I group supports
a prior study by Parikh et al that found women who
consumed ACE-I to have higher waist circumferences.'
The increased BMI over time associated with ACE-I use
may be related to improved glucose uptake via transloca-
tion of glucose transporters to the cell surface, as pre-
viously reported.'*'> The ARB group experienced
a decrease in LDL and HDL cholesterol after three months
of observation, but still within the normal range. These
findings were supported by a previous study which found
that ARB has positive effects on lipid profiles.'® It is
possible that the lipid-lowering property of ARB is due
to a number of mechanisms, including its activation of
PPAR-y, which regulates lipid metabolism.'® Decreased
LDL can reduce the risk of coronary artery disease com-
plications, but low HDL cholesterol can increase the risk
of worsening the condition in DM patients.'’

Most of the patients in this study were middle-aged or
elderly and had T2DM and hypertension with a duration of
more than five years. Proteinuria is reported as having
been present for less than ten years.'"® Compliance in
taking medication will affect drug levels in the blood and
the ability to maintain a constant blood-sugar level, blood
pressure, and lipid profile.'” Based on medication-
adherence measurement using the pill-counting method
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Table 3 Multivariate Analysis for Decreased/Constant UACR

Variable P-value OR (95% CI)
Crude model Antihypertensive
ACE-I Reference
ARB 0.675 0.858 (0.419-1.758)
Adjusted Model | Antihypertensive

ACE-I Reference

ARB 0.706 1.190 (0.482-2.937)
BMI baseline

<25 Reference

>25 0.025% 0.373 (0.158-0.883)
T2DM medication

Oral Reference

Insulin 0.059 2.830 (0.962-8.330)

Combination 0.056 2.489 (0.976-6.352)
Duration ACE-I ARB

< 3 months Reference

4-6 months 0.321 2.089 (0.488-8.943)

>6 months 0.070 3.046 (0.912-10.169)
Medication adherence by pill counting

75-100% Reference

50-74% 0.055 5.210 (0.964-28.159)

25-49% 0.545 0.568 (0.091-3.550)

0-24% 0.823 0.825 (0.154-4.421)
Delta MAQ

Decline or constant Reference

Increase 0.202 1.882 (0.712-4.974)
Age

< 65 Years Reference

2 65 Years 0.144 1.937 (0.799-4.698)

Note: *Significant.

and the MAQ questionnaire, we found that our study
subjects showed relatively high compliance, thus provid-
ing a fairly robust sample in which to analyze therapeutic
effectiveness.

Most of the patients were taking metformin in combi-
nation with sulfonylurea or insulin, and there was no
significant difference in the proportion of metformin
users between the two groups. However, given that met-
formin has an effect on renal function, we put metformin
in the “nephrotoxic drug” variable category as a potential
confounder. Our study results showed that nephrotoxic
drugs did not have a significant effect on eGFR, UACR,
and hyperkalemia.

Multivariate analysis by adjusting confounding factors
showed no differences in the effect of ACE-I and ARB on
UACR (Table 3). We found that BMI > 25 kg/m? also

tended to decrease/maintain a constant UACR compared
to BMI < 25 kg/m?. This is not in line with the review of
Luther and Brown, who state that the renin-angiotensin-
aldosterone system is activated in obesity, thus increase
the blood pressure, which in turn increases the risk of
microalbuminuria.'> However, in our study, most subjects
were overweight, not obese (BMI > 30 kg/m?). We also
found that the combination of ARB and being male was
significantly more likely to increase eGFR, even after
adjusting by confounders (Table 4). However, the duration
of ACE-I and ARB treatment eliminated the significance
of ARB to the increase in eGFR. Prolonged use of ACE-I/
ARB can reduce systemic blood pressure and dilation of
through the
aldosterone system inhibitor. Proper control of glomerular

efferent  arterioles renin-angiotensin-

pressure can reduce hyperfiltration, improve glomerular

3846

Dove!

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Puspita et al

Table 4 Multivariate Analysis for Increased/Constant eGFR

Variable P-value OR (95% CI)
Crude model Antihypertensive
ACE-I Reference
ARB 0.062 1.988 (0.966—4.089)
Adjusted Model | Antihypertensive
ACE-I Reference
ARB 0.032* 2.279 (1.073-4.842)
Sex
Male 0.018* 2.493 (1.167-5.326)
Female Reference
Adjusted Model 2 Antihypertensive
ACE-I Reference
ARB 0.043* 2.188 (1.024—4.675)
Sex
Male 0.019* 2.493 (1.161-5.355)
Female Reference
Age
< 65 Years Reference
2 65 Years 0.234 1.651 (0.723-3.771)
Adjusted Model 3 Antihypertensive
ACE-I Reference
ARB 0.088 2.050 (0.898—4.676)
Sex
Male 0.034* 2.327 (1.068-5.071)
Female Reference
Duration ACE-I/ARB
< 3 months Reference
4-6 months 0.200 2.355 (0.636-8.721)
> 6 months 0518 1.428 (0.485—4.205)
Age
< 65 years Reference
2 65 years 0.281 1.587 (0.686-3.671)
Note: *Significant.
filtration rates, and reduce the incidence of (SHBG) level was associated with reduced eGFR risk.*

microalbuminuria.’® Compared with ACE-I, which plays
a role in changing angiotensin-I to angiotensin II, the
mechanism of action of ARBs is directly against the
angiotensin receptor, enabling angiotensin II to be opti-
mally inhibited.?' Inhibition of angiotensin Il by ARB can
induce mesangial constriction and increase the glomerular
filtration coefficient, thereby more potential in increasing
eGFR.”?

Men were also shown to be more likely to increase or
maintain a constant eGFR than women (Table 4). Among
men,

higher baseline sex-hormone-binding globulin

In addition, nitric oxide (NO) in renal arteries in women
was higher and oxidative stress was lower compared to
male T2DM patients.>* However, men have skeletal mus-
cle mass higher than women® and lower muscle mass in
older men is likely to lead to an overestimation of eGFR
calculation.”®

In addition, there was no significant difference in the
effect of ACE-I and ARB on potassium levels. Only declined
systolic blood pressure was more likely to increase the
potassium level. This mechanism seems to be related to
a side effect of ACE-I and ARB in causing hyperkalemia.
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Table 5 Multivariate Analysis for Increased Potassium Level

Variable P-value OR (95% CI)
Crude model Antihypertensive
ACE-I Reference
ARB 0.166 1.661 (0.810-3.403)
Adjusted model Antihypertensive
ACE-I Reference
ARB 0.119 1.796 (0.860-3.748)
Delta systolic blood pressure
Decline 0.046* 2.113 (1.013-4.407)
Increase or constant Reference

Note: *Significant.

Hyperkalemia is an acute electrolyte abnormality that has the
potential to cause life-threatening arrhythmias.”” The effect
of antihypertensive treatments on decreasing systolic blood
pressure is associated with the renin-angiotensin-aldosterone
system, which decreases aldosterone secretion and increases
potassium levels, and this could be a cautionary point for
long-term use.?®

This study was an observational study, and we therefore
could not adjust the drug types and doses administered.
However, we conducted the study only on a single site and
only collected data from outpatients who received similar types
and doses of drugs within the three months of observation. The
given types of drugs and doses were prescribed according to
the patients’ conditions and hospital formulary and treatment
guidelines. Change in blood pressure as the clinical outcome of
the antihypertensive given to the patients was considered as
a confounding variable and included in the multivariate analy-
sis. The prospective cohort nature of our study design is one of
our study’s advantages. In addressing compliance issues, we
collected medication-adherence data using two instruments:
the MAQ questionnaire and the pill-counting method and
applied multivariate analysis. Our study subjects showed rela-
tively high compliance. Therefore, our study results could
minimize the bias effect of patients’ compliance.

In many countries, ARB is more preferable than ACE-I.
However, in lower and middle-income countries, ACE-I is still
more widely used, due to economic consideration. Therefore,
the results of this study can serve as a decision-making tool
particularly for the lower and middle-income countries
government.

Conclusion
ACE-I and ARB had a similar effect on UACR and blood
potassium level, but ARB was slightly more likely to

increase eGFR compared to ACE-I within three months
of consumption.
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