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Original Article

Objectives: The second wave of coronavirus disease 2019 (COVID-19) cases in Indonesia, during which the Delta variant predominated, 
took place after a vaccination program had been initiated in the country. This study was conducted to assess the impact of COVID-19 
vaccination on unfavorable clinical outcomes including hospitalization, severe COVID-19, intensive care unit (ICU) admission, and 
death using a real-world model.
Methods: This single-center retrospective cohort study involved patients with COVID-19 aged ≥18 years who presented to the COV-
ID-19 emergency room at a secondary referral teaching hospital between June 1, 2021 and August 31, 2021. We used a binary logistic 
regression model to assess the effect of COVID-19 vaccination on unfavorable clinical outcomes, with age, sex, and comorbidities as 
confounding variables.
Results: A total of 716 patients were included, 32.1% of whom were vaccinated. The elderly participants (≥65 years) had the lowest 
vaccine coverage among age groups. Vaccination had an effectiveness of 50% (95% confidence interval [CI], 25 to 66) for preventing 
hospitalization, 97% (95% CI, 77 to 99) for preventing severe COVID-19, 95% (95% CI, 56 to 99) for preventing ICU admission, and 90% 
(95% CI, 22 to 99) for preventing death. Interestingly, patients with type 2 diabetes had a 2-fold to 4-fold elevated risk of unfavorable 
outcomes.
Conclusions: Among adults, COVID-19 vaccination has a moderate preventive impact on hospitalization but a high preventive impact 
on severe COVID-19, ICU admission, and death. The authors suggest that relevant parties increase COVID-19 vaccination coverage, es-
pecially in the elderly population.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which 
spread rapidly and became a global pandemic with a catastroph-
ic worldwide impact on health, economies, and society [1]. Be-
tween identification of the first case (on March 6, 2020) and 
February 2, 2023, COVID-19 infected 6.7 million people and 



Didan Ariadapa Rahadi, et al.

222

caused 170 000 deaths in Indonesia [2]. As an RNA virus, SARS-
CoV-2 has a higher mutation rate than DNA viruses; consequent-
ly, new variants have appeared, including the Delta variant [3]. 
The Delta variant was first detected on October 5, 2020 in In-
dia, and Southeast Asia became a hotspot—with Indonesia as 
the epicenter—between June 2021 and August 2021 [4]. The 
Indonesian government began a COVID-19 vaccination pro-
gram in January 2021. The Delta variant became the dominant 
variant in several other Southeast Asian countries, such as Bru-
nei, Malaysia, Myanmar, Singapore, and Vietnam [5]. The Delta 
variant is highly transmissible in indoor settings such as house-
holds, and it dominated the fourth wave of cases that occurred 
in Korea around October 2021 [6]. A study reported that the 
Delta variant had a lower risk of severe clinical outcomes than 
the Alpha variant [7]. However, this should be interpret in light 
of findings that the Delta variant may cause more severe dis-
ease profiles than the Alpha variant, but improvements in pa-
tient management and vaccination could protect patients with 
COVID-19 from worsened disease progression [8]. In Indone-
sia, the highest number of deaths occurred during the period 
when the Delta variant dominated [2].

Two years after COVID-19 was declared a global pandemic 
by the World Health Organization, several vaccine candidates 
were granted emergency use authorization in Indonesia, of 
which CoronaVac (manufactured by Sinovac) was the first vac-
cine used. In the vaccination program in Indonesia, healthcare 
workers were prioritized first. The elderly and public sector 
workers were the second priority, after which vaccination was 
extended to members of the public aged ≥18 years [9]. By a 
few months later, other COVID-19 vaccines, such as ChAdOx1 
(manufactured by Oxford–AstraZeneca), mRNA-1273 (Moder-
na), NVX-CoV2373 (Novavax), BNT162b2 mRNA (Pfizer–BioN-
Tech), and several others were also being used in Indonesia. In 
clinical trials, several vaccines have been shown to have favor-
able safety and efficacy, and new vaccines have also been test-
ed for novel SARS-CoV-2 variants [10-14].

COVID-19 infections in vaccinated people (breakthrough in-
fections) have been recorded [15]. Ideally, through the immu-
nological response elicited by the vaccine, unfavorable clinical 
outcomes can be prevented or reduced relative to unvaccinated 
patients [16]. However, several previous studies have revealed 
that the clinical outcomes of patients with confirmed COVID- 
19 are influenced by various determinants, including epidemi-
ological and clinical factors; this research indicates that age 
and comorbidities are the main determinants of clinical out-

comes in COVID-19 cases [17,18].
Breakthrough infections have been examined in Indonesia. 

A test-negative case-control study conducted in Bali, Indone-
sia revealed that CoronaVac was 71.1% effective in preventing 
hospitalization and 87.4% effective in preventing death in par-
ticipants at least 18 years of age [19]. However, research involv-
ing real-world models of COVID-19 vaccine effectiveness in In-
donesia is still limited. Therefore, this study was conducted to 
assess the impact of COVID-19 vaccination on hospitalization, 
severe COVID-19, intensive care unit (ICU) admission, and death 
with a real-world model at a COVID-19 referral hospital in West 
Sumatra during the period when the Delta variant predomi-
nated.

METHODS

Patients
This single-center retrospective cohort study involved pa-

tients with COVID-19 during the second wave of COVID-19 cas-
es in Indonesia, during which the Delta variant predominated 
[4,20]. The participants were patients who presented to the 
COVID-19 emergency room at Andalas University Teaching 
Hospital between June 1, 2021 and August 31, 2021. These 
patients visited Andalas University Teaching Hospital for sev-
eral reasons, including positive real-time polymerase chain re-
action (RT-PCR) results from other hospitals, public health cen-
ters, or elsewhere; symptoms related to COVID-19; a history of 
contact with COVID-19 patients; and a history of out-of-town 
travel. A doctor then clinically assessed the patients to deter-
mine whether they required hospitalization or ambulatory 
care. The inclusion criteria for this study were confirmation of 
COVID-19 by RT-PCR results and an age of at least 18 years. 
Andalas University Teaching Hospital is a secondary referral 
hospital equipped for the treatment of patients with mild to 
severe COVID-19. Critical cases requiring advanced treatment 
were referred to a tertiary hospital and excluded from this 
study. The study flowchart is shown in Figure 1.

Baseline Data Collection
We collected data on age, sex, comorbidities, and symptoms 

on admission. Comorbidities were obtained from medical re-
cords based on a physical examination, laboratory workup, 
and/or other relevant information. We used the United States 
Social Security Administration criterion for old age (≥65 years). 
For analysis, we separated hypertension and stroke from car-
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diovascular disease to avoid multicollinearity. Oxygen therapy 
is a primary treatment for COVID-19. Patients were adminis-
tered oxygen therapy when their peripheral oxygen saturation 
(SpO2) was <93% in room air by employing a nasal cannula, a 
non-rebreathing mask, or a high-flow nasal cannula; a mechan-
ical ventilator was considered in cases of increasing hypoxia, 
desaturation, or clinical worsening [21]. We collected data re-
garding the maximum oxygen supplementation therapy ad-
ministered at the hospital from patient medical records.

Vaccination Status
COVID-19 vaccination status was tracked using the Indone-

sian governmental COVID-19 vaccination application (P-Care 
BPJS, https://pcare.bpjs-kesehatan.go.id/vaksin/Login) by in-
putting patients’ national identification numbers. Participants 
were categorized by vaccination status as unvaccinated (re-
ceived no dose, received only first dose, or received second 
dose <14 days after the first dose) or vaccinated (had a posi-
tive RT-PCR result for at least 14 days after injection of the sec-
ond dose). This study excluded patients for whom data were 
incomplete; hence, the search was imprecise.

Clinical Outcomes
We analyzed unfavorable clinical outcomes of patients, in-

cluding hospitalization, severe COVID-19, ICU admission, and 

mortality. The Indonesian Society of Pulmonology, the Indo-
nesian Cardiovascular Association, the Indonesian Society of 
Internal Medicine, the Indonesian Society of Anesthesiology 
and Intensive Therapy, and the Indonesian Pediatric Society 
have developed COVID-19 guidelines [21], which were followed 
to assess the severity of COVID-19 among patients in this study. 
COVID-19 severity was assessed based on symptoms, the pres-
ence of pneumonia, and respiratory distress, then grouped 
into 5 categories (asymptomatic, mild, moderate, severe, and 
critical). Severe COVID-19 was defined based on clinical signs 
of pneumonia (fever, cough, shortness of breath, and rapid 
breathing) along with 1 of the following conditions: respiratory 
rate >30 breath/min, severe respiratory distress, or SpO2 <93% 
in room air in the hospital. Ideally, patients with asymptomatic 
or mild infection are voluntarily quarantined at home or in 
quarantine facilities for a maximum of 10 days from the ap-
pearance of symptoms, plus 3 days symptom-free. Patients 
with moderate to severe disease were treated at Andalas Uni-
versity Teaching Hospital, a COVID-19 referral hospital. Hospi-
talization related to COVID-19 was defined based on RT-PCR 
confirmation followed by hospitalization at Andalas University 
Teaching Hospital. COVID-19-related ICU admission was con-
sidered to apply to RT-PCR-confirmed cases requiring inten-
sive care at Andalas University Teaching Hospital. COVID-19- 
related death was defined as all-cause death with a positive 

Figure 1. Flow of patients recruitment with inclusion criteria. COVID-19, coronavirus disease 2019.

Patients admitted to COVID-19 emergency room at 
Andalas University Teaching Hospital 
from 1 Jun to 31 Aug 2021 (n=967)

Patients ≥18 y
(n=888)

Included subjects
(n=716)

First dose (n=58) Second dose (n=230)

Vaccinated (n=230)

Unvaccinated (n=428)

Unvaccinated (n=486)

Patients <18 y (n=79)

Patients referral to other hospital (n=25) 
Patients with booster doses (n=3) 
Patients with incomplete data (n=144)

Exclusion

Exclusion

https://pcare.bpjs-kesehatan.go.id/vaksin/Login
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RT-PCR result. All data were retrospectively obtained from 
medical records.

Statistical Analysis 
Data were analyzed statistically in univariate, bivariate, and 

multivariable analyses. Univariate analyses were performed to 
examine the frequencies of age, sex, comorbidities, initial symp-
tom, vaccination status, type of vaccine received, and unfavor-
able clinical outcomes. Continuous variables were presented 
as mean±standard deviation if distributed normally or as me-
dian (interquartile range) if distributed non-normally. Bivariate 
analysis was performed to examine the association between 
independent variables such as age, sex, comorbidities, initial 
symptom, and unfavorable clinical outcomes, and the depen-
dent variable was vaccination status. The chi-square test (or 
the Fisher exact test, when 1 or more expected cell counts in 
the cross-tabulation were less than 5) was performed for cate-
gorical variables in the baseline data. The Mann-Whitney U 
test (or the Kruskal-Wallis test when the data did not meet the 
normality assumption) was performed for numerical variables 
in the baseline data. A p-value of less than 0.05 was consid-
ered to indicate statistical significance. Multivariable binary lo-
gistic regression was performed to identify the factors associ-
ated with unfavorable clinical outcomes, namely hospitaliza-
tion, severe COVID-19, ICU admission, and mortality related to 
COVID-19. First, the associations between explanatory variables 
and clinical outcomes were analyzed separately; then, crude 
odds ratios (ORs) with 95% confidence intervals (CIs) were ob-
tained. Second, multivariable analysis was performed on vari-
ables for which p-value <0.1, and adjusted odds ratios (aORs) 
with 95% CIs were obtained. Variables with p-value<0.05 in 
the second step were considered factors associated with clini-
cal outcomes due to the statistical significance. Before the mul-
tivariable binary logistic regression, we performed collinearity 
diagnostics to avoid multicollinearity, particularly for the vari-
ables of hypertension, stroke, and cardiovascular disease. The 
variance inflation factor (VIF) technique was used, with a VIF 
score of >10 considered to indicate that the variables were 
very strongly correlated. The Hosmer-Lemeshow test was used 
to determine the goodness of the multivariable analysis mod-
el. We excluded variables when their inclusion did not result in 
model goodness-of-fit (p<0.05). To calculate the vaccine ef-
fectiveness, we used the following formula: vaccine effective-
ness= (1−aOR)×100. All statistical analyses were performed 
with SPSS version 25 (IBM Corp., Armonk, NY, USA).

Ethics Statement 
The Ethics Commission of the Andalas University Faculty of 

Medicine provided ethical clearance for this study, with approv-
al number 798/UN.16.2/KEP-FK/2022. The requirement for in-
formed consent was waived due to the retrospective nature of 
the research, and the data were processed anonymously.

RESULTS

Demographic Characteristics, Clinical  
Characteristics, and Outcomes of Patients Based 
on Vaccination Status

From June 1, 2021 to August 31, 2021, 716 patients with  
COVID-19 were included in this study. The details of patient in-
clusion are shown in Figure 1. Demographic information based 
on patient vaccination status is shown in Table 1. Among the 
patients, 67.9% were unvaccinated. This unvaccinated group 
consisted of 428 patients who had received no COVID-19 vac-
cination and 58 patients who had received the first dose. Re-
garding age, most patients were non-elderly, and the elderly 
group was predominantly unvaccinated (a significant finding). 
Most vaccinated patients had no comorbidity. The unvaccinat-
ed participants had significantly more comorbidities than the 
vaccinated patients, including type 2 diabetes, stroke, and re-
nal disease. Initial symptoms of dyspnea and cough were sig-
nificantly more common among the unvaccinated participants, 
whereas hyposmia and hypogeusia were significantly more 
frequent in the vaccinated patients. It should be noted, how-
ever, that the symptoms were subjective and largely depend-
ed on patient reports. Required oxygen supplementation with 
either a non-rebreathing mask or a high-flow nasal cannula was 
significantly more common in the unvaccinated group than 
among vaccinated patients. Nasal cannula and mechanical 
ventilation use were more common in the unvaccinated group, 
but this finding was not statistically significant. Additionally, the 
unvaccinated patients had significantly higher incidence rates 
of COVID-19-related hospitalization (44.8 vs. 22.7%; p<0.001), 
severe COVID-19 (15.4 vs. 0.4%; p<0.001), ICU admission (8.8 
vs. 0.4%; p<0.001), and death (6.8 vs. 0.4%; p<0.001).

Type of Vaccine
The vaccination program in Indonesia started in February 

2021, and CoronaVac (Sinovac) was the first vaccine used. There-
fore, CoronaVac was used in the most patients, followed by 
ChAdOx1 (Oxford–AstraZeneca), mRNA-1273 (Moderna), and 
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BNT162b2 mRNA (Pfizer–BioNTech). The manufacturer and 
type of each vaccine are detailed in Table 2.

Effect of Vaccination on COVID-19-related  
Hospitalization

Vaccination as a public health intervention is highly effective 
in preventing, controlling, and modifying unfavorable clinical 
outcomes of COVID-19 [22]. To investigate whether vaccination 
was associated with COVID-19-related hospitalization in this 
study, multivariable binary logistic regression was performed 
with age, sex, and comorbidities as confounding variables. VIF 
values <10 were found for all variables, indicating the lack of 
very strong statistical correlations between variables. In the 
unadjusted and adjusted analyses, old age (OR, 2.52; 95% CI, 
1.43 to 4.45; p=0.001), at least 1 comorbidity (OR, 5.67; 95% 
CI, 3.73 to 8.62; p<0.001), and type 2 diabetes (OR, 2.17; 95% 
CI, 1.13 to 4.14; p=0.020) were associated with increased inci-
dence of hospitalization. In contrast, vaccination (OR, 0.50; 95% 
CI, 0.34 to 0.75; p=0.001) was associated with a lower incidence 
of hospitalization. We excluded stroke, liver disease, renal dis-
ease, and cardiovascular disease as factors of hospitalization 
because a p-value <0.05 was found on the Hosmer-Lemeshow 
test for the model including these variables. The details are 
shown in Table 3.

Effect of Vaccination on Severe COVID-19
To understand the risk factors for severe COVID-19, multivari-

able binary logistic regression was used. The results showed that 
old age (OR, 2.86; 95% CI, 1.41 to 5.81; p=0.004), at least 1 co-
morbidity (OR, 3.49; 95% CI, 1.41 to 8.63; p=0.007), type 2 dia-
betes (OR, 4.44; 95% CI, 2.17 to 9.08; p<0.001), respiratory dis-
ease (OR, 3.79; 95% CI, 1.168 to 8.58; p=0.001), and renal dis-
ease (OR, 9.58; 95% CI, 2.09 to 43.90; p=0.004) were associated 
with a higher incidence of severe infection. Vaccination (OR, 
0.03; 95% CI, 0.01 to 0.23; p=0.001) was associated with a lower 
incidence of severe COVID-19. The details are shown in Table 3.

Table 1. Baseline characteristics and clinical outcomes by 
COVID-19 vaccination status

Characteristics Unvaccinated 
(n=487)

Vaccinated 
(n=229) p-value1

Age, median [IQR] (y) 34 [30] 46 [38] <0.001

Elderly, ≥65 y 72 (14.8) 11 (4.8) <0.001

Male 197 (40.5) 110 (48.0) 0.067

Comorbidities

No comorbidity 250 (51.3) 164 (71.6) <0.001

Hypertension 82 (16.8) 27 (11.9) 0.101

Diabetes 54 (11.1) 12 (5.2) 0.017

Stroke 10 (2.1) - 0.035

Respiratory disease 40 (8.2) 11 (4.8) 0.134

Liver disease 22 (4.5) 14 (6.1) 0.466

Renal disease 13 (2.7) 1 (0.4) 0.045

Cardiovascular disease 15 (3.1) 3 (1.3) 0.204

Initial symptom 

Asymptomatic 32 (6.6) 15 (6.6) 1.000

Fever 225 (46.2) 111 (48.5) 0.626

History of fever 89 (18.3) 35 (15.3) 0.378

Dyspnea 146 (29.9) 25 (10.9) <0.001

Cough 368 (75.6) 155 (67.7) 0.034

Flu 85 (17.5) 54 (23.6) 0.067

Sore throat 25 (5.1) 18 (7.9) 0.206

Hyposmia 128 (26.3) 83 (36.2) 0.008

Hypogeusia 58 (11.9) 12 (5.2) 0.008

Nausea 25 (5.1) 14 (5.1) 0.717

Vomiting 28 (5.7) 18 (7.9) 0.362

Loss of appetite 32 (29.2) 11 (4.8) 0.447

Myalgia 23 (4.7) 12 (5.2) 0.910

Fatigue 50 (10.3) 16 (7.0) 0.202

Diarrhea 21 (4.3) 8 (3.5) 0.753

Headache 50 (10.3) 28 (12.2) 0.511

Oxygen supplementation  

Nasal cannula 62 (12.7) 18 (7.9) 0.071

Non-rebreathing mask 54 (11.1) 2 (0.9) <0.001

High-flow nasal cannula 11 (2.3) - 0.020

Mechanical ventilation 4 (0.8) -  0.312

Clinical outcome

Hospitalization 218 (44.8) 52 (22.7) <0.001

Severe COVID-19 75 (15.4) 1 (0.4) <0.001

ICU admission 43 (8.8) 1 (0.4) <0.001

Death 33 (6.8) 1 (0.4) <0.001

COVID-19, coronavirus disease 2019; IQR, interquartile range; ICU, intensive 
care unit.
1Chi-square test, except for age (Kruskal-Wallis test).

Table 2. Manufacturer and type of vaccine

Vaccine (manufacturer) Type Total patients

First dose
CoronaVac (Sinovac) Inactive 275
ChAdOx1 (Oxford–AstraZeneca) Adenovirus vector 7
mRNA-1273 (Moderna) mRNA 1
BNT162b2 mRNA (Pfizer–BioNTech) mRNA 1

Second dose  
CoronaVac (Sinovac) Inactive 225
ChAdOx1 (Oxford–AstraZeneca) Adenovirus vector 3
mRNA-1273 (Moderna) mRNA 1
BNT162b2 mRNA (Pfizer–BioNTech) mRNA -
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Effect of Vaccination on COVID-19-related  
Intensive Care Unit Admission

To understand the risk factors for COVID-19-related ICU ad-
mission, multivariable binary logistic regression was used. The 
results showed that hypertension (OR, 2.76; 95% CI, 1.18 to 
6.47; p=0.020), type 2 diabetes (OR, 4.02; 95% CI, 1.79 to 9.03; 
p=0.001), respiratory disease (OR, 7.16; 95% CI, 2.98 to 17.21; 

p<0.001), liver disease (OR, 5.69; 95% CI, 1.81 to 17.84; p=0.030), 
and renal disease (OR, 6.32; 95% CI, 1.72 to 23.26; p=0.007) 
were associated with a higher incidence of ICU admission, and 
vaccination (OR, 0.05; 95% CI, 0.01 to 0.44; p=0.003) was as-
sociated with a lower incidence. The details are shown in Ta-
ble 4.

Table 3. Risk factors for COVID-19-related hospitalization and severe COVID-19 among patients (binary logistic regression)

Variables n (%)
Hospitalized (n=270)

n (%)
Severe (n=76)

Unadjusted p-value Adjusted1 p-value Unadjusted p-value Adjusted1 p-value

Age ≥65 y 58 (21.5) 4.61 (2.80, 7.57) <0.001 2.52 (1.43, 4.45) 0.001 31 (40.8) 7.79 (4.56, 13.34) <0.001 2.86 (1.41, 5.81) 0.004

Male 110 (40.7) - 0.369 - - 42 (55.3) 1.75 (1.08, 2.82) 0.022 - 0.056

Comorbidities 

At least 1 comorbidity 193 (71.5) 7.75 (5.51, 10.90) <0.001 5.67 (3.73, 8.62) <0.001 68 (89.5) 14.80 (6.97, 31.22) <0.001 3.49 (1.41, 8.63) 0.007

Hypertension 68 (25.2) 3.33 (2.18, 5.08) <0.001 -  0.493 31 (40.8) 4.96 (2.96, 8.31) <0.001 - 0.274

Diabetes 51 (18.9) 6.69 (3.68, 12.17) <0.001 2.17 (1.13, 4.14) 0.020 30 (39.5) 10.90 (6.19, 19.34) <0.001 4.44 (2.17, 9.08) <0.001

Stroke 9 (3.3) 15.35 (1.93, 121.80) 0.0012 - - 7 (9.2) 21.50 (5.45, 85.21) <0.001 - 0.055

Respiratory disease 34 (12.6) 3.64 (1.99, 6.65) <0.001 - 0.338 18 (23.7) 5.71 (3.03, 10.77) <0.001 3.79 (1.68, 8.58) 0.001

Liver disease 30 (11.1) 9.17 (3.76, 22.33) <0.0012 - - 10 (13.2) 3.58 (1.65, 7.75) 0.001 - 0.053

Renal disease 13 (4.8) 22.51 (2.93, 173.07) 0.0032 - - 10 (13.2) 24.10 (7.35, 78.94) 0.001 9.58 (2.09, 43.90) 0.004

Cardiovascular 
disease

14 (5.2) 6.04 (1.97, 18.55) <0.0012 - - 7 (9.2) 5.80 (2.19, 15.45) <0.001 - 0.460

Vaccinated 54 (20.0) 0.36 (0.25, 0.52) <0.001 0.50 (0.34, 0.75) 0.001 1 (1.3) 0.02 (0.01, 0.17) <0.001 0.03 (0.01, 0.23) 0.001

Values are presented as odds ratio (95% confidence interval).
COVID-19, coronavirus disease 2019.
1Calculated by excluding variables for which p≥0.1.
2Excluded in the adjusted model because the p-value of the Hosmer-Lemeshow test was <0.05 with the inclusion of these variables.

Table 4. Risk factors for COVID-19-related ICU admission and death among patients (binary logistic regression)

Variables n (%)
Admitted to ICU (n=44)

n (%)
Death (n=34)

Unadjusted p-value Adjusted1 p-value Unadjusted p-value Adjusted1 p-value

Age ≥65 y 14 (31.8) 4.08 (2.06, 8.06) <0.001 - 0.970 17 (50.0) 9.33 (4.55, 19.15) <0.001 4.60 (2.02, 10.51) <0.001

Male 24 (54.5) - 0.109 -  20 (58.8)  1.97  (0.98, 3.96) 0.058 - 0.053

Comorbidities 

At least 1 comorbidity 40 (90.9) 15.65 (5.53, 44.25) <0.001 - 0.102 3 (8.8) 15.70 (4.74, 51.77) <0.001 7.25 (1.94, 27.08) 0.003

Hypertension 20 (45.5) 5.46 (2.90, 10.29) <0.001 2.76 (1.18, 6.47) 0.020 10 (29.4) 2.45 (1.14, 5.29) 0.022 - 0.139

Diabetes 19 (43.2) 10.11 (5.19, 19.67) <0.001 4.02 (1.79, 9.03) 0.001 14 (41.2) 8.48 (4.05, 17.76) <0.001 3.15 (1.38, 7.21) 0.007

Stroke 4 (9.1) 11.10 (3.01, 40.92) <0.001 -  0.196 2 (5.9) 5.27 (1.07, 25.81) 0.041 -  0.801

Respiratory disease 15 (34.1) 9.14 (4.50, 18.55) <0.001 7.16 (2.98, 17.21) <0.001 7 (20.6) 3.76 (1.55, 9.12) 0.003 -  0.297

Liver disease 7 (15.9) 4.20 (1.72, 10.21) 0.002 5.69 (1.81, 17.84) 0.030 3 (8.8) - 0.307 - -

Renal disease 7 (15.9) 17.97 (5.99, 53.92) <0.001 6.32 (1.72, 23.26) 0.007 7 (20.6) 25.00 (8.19, 76.33) <0.0012 - -

Cardiovascular 
disease

1 (2.3) - 0.916 -  4 (11.8) 6.36 (1.98, 20.50) 0.002 - 0.411

Vaccinated 1 (2.3) 0.31 (0.01, 0.23) 0.001 0.05 (0.01, 0.44) 0.003 1 (2.9) 0.04 (0.01, 0.31) 0.002 0.10 (0.01, 0.78) 0.028

Values are presented as odds ratio (95% confidence interval). 
COVID-19, coronavirus disease 2019; ICU, intensive care unit.
1Calculated by excluding variables for which p≥0.1.
2Excluded in the adjusted model because the p-value of the Hosmer-Lemeshow test was <0.05 with the inclusion of these variables.
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Effect of Vaccination on COVID-19-related Death
To understand the risk factors for COVID-19-related death, 

multivariable binary logistic regression was performed. The 
result showed that old age (OR, 4.60; 95% CI, 2.02 to 10.51; 
p<0.001), at least 1 comorbidity (OR, 7.25; 95% CI, 1.94 to 27.08; 
p=0.003), and diabetes type 2 (OR, 3.15; 95% CI, 1.38 to 7.21; 
p=0.007) were associated with increased incidence of death, 
while vaccination (OR, 0.10; 95% CI, 0.01 to 0.78; p=0.028) was 
associated with decreased incidence. We excluded renal dis-
ease because a p-value <0.05 was found in the Hosmer-Lem-
eshow test for the model including this variable. The details 
are shown in Table 4.

Interesting results were observed regarding type 2 diabetes 
and vaccination. These factors predicted all of the unfavorable 
clinical outcomes with statistical significance. Patients with 
type 2 diabetes had a 2- fold to 4-fold higher risk of unfavor-
able outcomes. Vaccination provided 50% protection against 
hospitalization, 97% against severe COVID-19, 95% against 
ICU admission, and 90% against death in patients with con-
firmed COVID-19.

DISCUSSION

COVID-19 vaccine development was a scientific success in 
controlling the SARS-CoV-2 pandemic in the population [23]. 
However, several major waves of cases have been recorded 
since a vaccination program was initiated in Indonesia. In this 
study, we assessed the effectiveness of the COVID-19 vaccine 
on clinical outcomes by considering public health determinants 
such as age, sex, and comorbidities in a real-world model dur-
ing a period when the Delta variant predominated. Our research 
yielded interesting results. However, certain points must be 
carefully interpreted.

First, within the first 5 months of implementing the COVID- 
19 vaccination program in Indonesia, we found that only 32.1% 
of patients in West Sumatra were vaccinated, and the elderly 
participants had the lowest coverage among age groups. This 
finding indicates a mismatch between Indonesian government 
policies and the societal reality. The vaccination program in In-
donesia began in January 2021, with healthcare workers pri-
oritized. The elderly population was the second priority for 
vaccination along with groups of public sector workers; after-
ward, vaccination was extended to members of the public 
aged ≥18 years [9,24]. In Indonesia, prior to the administra-
tion of the COVID-19 vaccine to the elderly (those >60 years 

old), vaccination eligibility was determined based on frailty 
(ICD code R54); this was assessed using the RAPUH question-
naire, a validated tool adapted from the FRAIL questionnaire 
[25]. Elderly people with a frailty score above 2 points were 
recommended against receiving the vaccine [26]. Most of the 
elderly population in the present study had comorbidities. We 
were unable to assess whether the elderly patients in the sam-
ple did not meet the vaccination requirements or exhibited 
vaccine hesitancy. The low vaccine coverage rate in this study 
may be due to vaccine hesitancy, which is relatively common 
in Indonesia and also exists elsewhere [27,28]. One study with 
participants from 7 provinces in Indonesia conducted prior to 
the vaccination program indicated high acceptance of a COV-
ID-19 vaccine, assuming 95% effectiveness [29]. Currently, ed-
ucation, age, comorbidities, and distrust of government policy 
are vaccine hesitancy factors in Indonesia [28,30]. West Suma-
tra is an Indonesian province with a strong adherence to Is-
lamic culture. Lack of belief that a vaccine is halal may underlie 
public reluctance to receive vaccination [30]. In addition, in 
the adjustment analysis of this study, old age was associated 
with increased incidence of hospitalization, severe COVID-19, 
ICU admission, and death. Therefore, a specialized strategy is 
needed from the government to increase COVID-19 vaccina-
tion coverage, particularly among the elderly.

Second, vaccination was associated with a lower incidence 
of hospitalization, severe COVID-19, ICU admission, and death. 
Our study confirmed the effectiveness shown by several clini-
cal trials of COVID-19 vaccines in preventing unfavorable out-
comes [10-13]. A previous effectiveness study of CoronaVac 
using a real-world model in Chile from February 2, 2021 to May 
1, 2021 in participants over 18 years old found that a full dose 
of CoronaVac had 65.9% effectiveness against SARS CoV-2 in-
fection, 87.5% effectiveness in preventing hospitalization, 
90.3% effectiveness in preventing ICU admission, and 86.3% 
effectiveness in preventing death [31]. While COVID-19 vaccine 
effectiveness changes across periods dominated by different 
variants, vaccination was still highly effective in preventing 
unfavorable clinical outcomes during the Delta period [32-34]. 
In developing countries like Indonesia, mathematical model-
ing estimates indicate that COVID-19 vaccination can prevent 
as many as 45% of COVID-19-related deaths if vaccination cov-
erage among the population reaches 40% [35].

The findings of this study regarding the effectiveness of vac-
cines in preventing COVID-19-related hospitalization must be 
carefully interpreted. In Indonesia, ideally, patients with mild 



Didan Ariadapa Rahadi, et al.

228

COVID-19 should voluntarily quarantine at home or in facilities 
provided by the government. However, patients with asymp-
tomatic to mild disease who lack a place to isolate or who have 
uncontrolled comorbidities can be hospitalized, including at 
our institution. Andalas University Teaching Hospital is located 
on the campus of Andalas University, which serves the public 
but primarily cared for students, lecturers, and the academic 
community during the study period. Thus, the 50% effective-
ness of COVID-19 vaccination in preventing hospitalization in 
this study, which is relatively low compared to other studies, 
may be explained by the reasons above.

Third, this study identified type 2 diabetes as a risk factor 
that increased the incidence of all unfavorable clinical outcomes. 
This finding is noteworthy because type 2 diabetes is a com-
mon morbidity worldwide, especially in Indonesia. A 2021 re-
port of the International Diabetes Federation Atlas explained 
that diabetes affects 536.6 million adults globally, and Indone-
sia is the country with the fifth greatest number of adults with 
diabetes (19.5 million) in the world. Indonesia also has the high-
est proportion of undiagnosed diabetes, at 73.7% (14.3 million 
people) [36]. A nationwide retrospective cohort study in Korea 
showed that type 2 diabetes was a predictor of death and fatal 
adverse outcomes (invasive ventilator use, extracorporeal mem-
brane oxygenation use, multi-organ damage, and death) [37]. 
A multicenter study in China showed that fasting blood glucose 
≥7.0 mmol/L (>126 mg/dL) at admission was an independent 
predictor of 28-day mortality in patients with COVID-19 with-
out a previous diagnosis of diabetes [38]. A random-effects 
meta-analysis including 18 studies and 10 studies showed that 
type 2 diabetes was moderately associated with COVID-19 se-
verity (invasive mechanical ventilation, ICU admission, or SpO2 
<90%) and mortality, respectively [39]. Several potential un-
derlying mechanisms have been proposed [40]. Based on this 
study and others, we recommend peripheral blood glucose 
screening in patients with newly confirmed COVID-19, either 
with or without a history of type 2 diabetes.

Our study had several strengths as well as limitations that 
should be considered when interpreting the results. Regarding 
strengths, this was a single-center study with a relatively large 
amount of data subjected to rigorous inclusion and exclusion 
criteria. Additionally, this study was conducted at a secondary 
referral hospital during a large spike in COVID-19 cases in In-
donesia, with heterogeneous participant characteristics, se-
verity, and clinical outcomes. However, several limitations of 
this study are evident. First, the Andalas University Teaching 

Hospital is a secondary referral hospital that is not designed to 
treat critical infections involving acute respiratory distress syn-
drome or sepsis requiring advanced treatment. Critical cases 
were transferred to tertiary referral hospitals, and we did not 
include these patients in the analysis because we lacked access 
to the necessary data. This may have introduced bias in the 
study results. Second, the number of vaccinated patients with 
unfavorable clinical outcomes such as severe COVID-19, ICU 
admission, and death was relatively small. Third, we did not 
assess clinical factors such as laboratory workup, patient pro-
gression, patient treatment, and other confounding factors. 
Fourth, whole-genome sequencing was not performed in these 
participants to identify the SARS-CoV-2 variant.

In conclusion, we found that COVID-19 vaccination has a 
moderate preventive impact on hospitalization but a high pre-
ventive impact on severe COVID-19, ICU admission, and death 
in the Indonesian population. Accordingly, we suggest that re-
lated parties increase the coverage of COVID-19 vaccination, 
especially in the elderly population.
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