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Abstract
BACKGROUND: The high prevalence of diabetes mellitus (DM) in the population causes DM to become one of the 
most common comorbidities of coronavirus disease 2019 (COVID-19). Patients with diabetes have a higher risk of 
experiencing serious complications from COVID-19 and even death.

AIM: This study was aimed to determine the difference in survival probability of COVID-19 patients, based on their 
DM status and to determine the association between type 2 DM and COVID-19 mortality at Al Ihsan Hospital, West 
Java Province, Indonesia.

METHODS: The population of this retrospective cohort study were COVID-19 patients, aged ≥18 years and were 
treated at Al Ihsan Hospital, from March 2020 to December 31, 2021. Differences in survival probability were 
obtained from survival analysis with Kaplan–Meier. Cox Proportional Hazard regression was used to determine the 
association between type 2 DM and COVID-19 mortality.

RESULTS: Totally, 308 confirmed positive COVID-19 patients were recruited in this study. During the 21 days of 
observation, survival probability of COVID-19 patients with type 2 DM was significantly lower than those without 
type 2 DM (71.24% vs. 84.13% respectively, with p = 0.0056). There was a statistically significant association between 
type 2 DM and COVID-19 mortality after controlling for age, cough symptoms, acute respiratory distress syndrome, 
vaccination, chronic kidney disease, ventilator use, antiviral therapy, and the percentage of bed occupation rate 
COVID-19 isolation at admission. The adjusted hazard ratio showing association between type 2 DM and COVID-19 
mortality in the final model of multivariate analysis was 2.68 (95% CI 1.24–5.73).

CONCLUSIONS: The survival probability of COVID-19 patients with type 2 DM was significantly lower than those 
without type 2 DM. COVID-19 patients with DM in Al Ihsan Hospital were almost 3 times more likely to be fatal as 
compared COVID-19 patients without DM.
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Introduction

At present, the world is facing health, social and 
economic crises due to the corona virus disease 2019 
(COVID-19) pandemic. On March 11, 2020, the World 
Health Organization declared that COVID-19 had become 
a pandemic due to its widespread severity  [1]. As of 
February 27, 2022, COVID-19 has infected 433,139,235 
people with a death toll of 5,939,137 or 1.37% [2]. 
The severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection causes different clinical 
manifestations ranging from asymptomatic to death [3].

Patient status and comorbidities influence the 
clinical manifestations of COVID-19. Diabetes is one of 
the most common comorbidities in COVID-19 patients 
as a study in China stated that 8.2% of comorbidities of 
1590 patients were diabetic [4]. Globally, the prevalence 
of diabetes in 2019 is estimated at 9.3% (463 million 
people) increasing to 10.2% in 2030 and 10.9% in 2045. 

Thus, diabetes affects a large part of the population 
and is a major cause of complications  [5]. The large 
prevalence of diabetes in this population causes diabetes 
to become the second most common comorbid disease 
after hypertension in COVID-19  patients [6]. A  meta-
analysis showed that mortality was higher in COVID-
19 patients with diabetes [7]. A UK study of hospitalized 
COVID patients at the start of the 2020 pandemic 
reported that the risk of death was consistently higher 
in people with type 2 diabetes mellitus (DM) and a lower 
probability of survival when compared to people without 
type 2 DM [8].

In Indonesia, the prevalence of diabetes is still 
high based on the results of the Riset Kesehatan Dasar 
(Riskesdas) in 2018 which reported that the prevalence 
of diabetes based on blood glucose examinations at 
>15 years of age was 10.9% [9]. Al Ihsan Hospital is 
one of the COVID-19 referral hospitals in West Java 
and has excellent services, namely, a diabetic center. 
These services are integrated services starting with 
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counseling and education, nutrition clinics, wound care, 
and diabetes complications management. The number 
of COVID-19 patients treated at the Al Ihsan Hospital 
from the beginning of the pandemic in March 2020–
December 31, 2021, was 3,312 and the death rate was 
640 or the COVID-19  case fatality rate was 19.32%. 
Type  2 DM is the third most common comorbid after 
acute pulmonary and respiratory failure in COVID-
19 patients treated at Al Ihsan Hospital. This study was 
conducted to determine the difference in the survival 
probability of COVID-19 patients based on their diabetes 
status and to determine the relationship between type 2 
DM and COVID-19 mortality at Al Ihsan Hospital, West 
Java Province.

Methods

A retrospective cohort study design was 
used in this study. The population of this study was 
COVID-19 patients who were drawn at Al Ihsan Hospital 
from March 2002 to December 31, 2021. The inclusion 
criteria in this study were confirmed patients diagnosed 
by RT-PCR and aged 18  years, while the exclusion 
criteria were patients forced to be discharged or on their 
own request and the patient referred to another hospital. 
The exposed group was COVID-19 patients with type 2 
DM who met the inclusion criteria, totaling 152 people. 
Meanwhile, the non-exposed group was COVID-
19 patients without type 2 DM and totaled 152 people. The 
data used are secondary data from the register of COVID-
19 inpatients obtained through medical records. Has been 
collected and then analyzed using the Stata software 
version 15.1. Survival probability was obtained through 
survival analysis with Kaplan–Meier. Bivariate analysis 
was carried out with the Cox regression test to obtain the 
hazard ratio, then a confounding test was performed on 
covariate variables consisting of demographic variables 
(age, sex, and occupation), vaccination status, clinical 
symptoms (fever, cough, shortness of breath, and acute 
respiratory distress syndrome [ARDS]), comorbidities. 
(Obesity, hypertension, cardiovascular disease, chronic 
kidney failure, and chronic obstructive pulmonary 
disease [COPD]), treatment factors (use of ventilators 
and antiviral therapy), and health-care factors (place of 
care and percentage of BOR for COVID-19 isolation). 
After that, multivariate analysis was performed using the 
Cox Proportional Hazard Model regression test.

Results

The main independent variable in this study 
was type 2 DM. The number of patients with type 2 DM 

and not type 2 DM was 154 each with the characteristics 
of the respondents as shown in Table 1.

Table 1: Distribution of research subject characteristics based 
on the status of diabetes mellitus type 2
Variable Diabetes mellitus type 2 Total (%)

Yes (%) No (%)
Age group

<60 87 (44.62) 108 (55.38) 195 (100)
≥60 67 (59.29) 46 (40.71) 113 (100)

Gender
Female 75 (49.67) 76 (50.33) 151 (100)
Male 79 (50.32) 78 (49.68) 157 (100)

Work
Not health workers 147 (50.00) 147 (50.00) 294 (100)
Health workers 7 (50.00) 7 (50.00) 14 (100)

Vaccination
Vaccination booster 1 (100) 0 (0) 1 (100)
Vaccination second dose 7 (35.00) 13 (65.00) 20 (100)
Vaccination first dose 3 (37.50) 5 (62.50) 8 (100)
Not vaccinated 143 (51.25) 136 (48.75) 279 (100)

Fever
No 72 (39.56) 110 (60.44) 182 (100)
Yes 82 (65.08) 44 (34.92) 126 (100)

Cought
No 51 (32.08) 108 (67.92) 159 (100)
Yes 103 (69.13) 46 (30.87) 149 (100)

Hard to breathe
No 30 (35.71) 54 (64.29) 84 (100)
Yes 124 (55.36) 100 (44.64) 224 (100)

ARDS
Non ARDS 119 (45.59) 142 (54.41) 261 (100)
ARDS 30 (76.92) 9 (23.08) 39 (100)
Missing 5 (62.50) 3 (37.50) 8 (100)

Obesity
No 106 (43.80) 136 (56.20) 242 (100)
Yes 47 (75.81) 15 (24.19) 62 (100)
Missing 1 (25.00) 3 (75.00) 4 (100)

Hypertension
Normal 32 (36.78) 55 (63.22) 87 (100)
Elevated 32 (47.76) 35 (52.24) 67 (100)
Hypertension stage 1 49 (54.44) 41 (45.56) 90 (100)
Hypertension stage 2 41 (64.06) 23 (35.94) 64 (100)

Cardiovascular disease
No 129 (47.78) 141 (52.22) 270 (100)
Yes 25 (65.79) 13 (34.21) 38 (100)

Chronic kidney failure
No 149 (49.83) 150 (50.17) 299 (100)
Yes 5 (55.56) 4 (44.44) 9 (100)

Chronic obstructive pulmonary disease
No 154 (50.33) 152 (49.67) 306 (100)
Yes 0 (0.00) 2 (100.00) 2 (100)

Use of ventilator
Use ventilator 55 (84.62) 10 (15.38) 65 (100)
No ventilator 99 (40.74) 144 (59.26) 243 (100)

Antiviral therapy
Remdesivir 72 (53.33) 63 (46.67) 135 (100)
Favipiravir 56 (45.53) 67 (54.47) 123 (100)
Oseltamivir 21 (47.73) 23 (52.27) 44 (100)
Tidak diberikan 5 (83.33) 1 (16.67) 6 (100)

Treatment room
COVID‑19 isolation treatment room 124 (46.79) 141 (53.21) 265 (100)
Emergency room (IGD) 2 (66.67) 1 (33.33) 3 (100)
ICU 28 (70.00) 12 (30.00) 40 (100)

BOR isolation COVID‑19
≤45% 20 (64.52) 11 (35.48) 31 (100)
45–85% 68 (68.69) 31 (31.31) 99 (100)
≥85% 66 (37.08) 112 (62.92) 178 (100)

Based on Table  1, it is known that the 
characteristics of respondents are mostly <60 years old 
and in that age group, most do not suffer from type 2 
DM. However, in the age group, 60 years suffer from 
type  2 DM (59.29%). Based on gender, there were 
more men and in that group more suffer from type  2 
DM (50.32%). Based on the type of work, most of the 
non-health workers work, and based on type  2 DM, 
both health workers and non-health workers have the 
same proportion. Based on the vaccination status, the 
most unvaccinated group were patients with type 2 DM 
(51.25%).

Based on the symptoms that appeared, 
the study subjects experienced more fever, cough, 
shortness of breath, and ARDS in patients with type 2 
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DM. Stages 1 and 2 were more common in patients 
with type 2 DM, while those with normal and elevated 
hypertension were more in the group without type  2 
DM. Patients with cardiovascular disease were more 
in the group with DM. Likewise in patients with chronic 
kidney failure, more in the group with type 2 DM.

In Table 1, it can also be seen that ventilators 
are widely used in the group with type 2 DM. However, 
other antivirals, namely favipiravir, and oseltamivir, 
were mostly given to patients without type  2 DM. 
Mellitus type 2. Meanwhile, based on the percentage 
of COVID-19 isolation BOR at the time of admission, 
when the BOR was 85%, there were more patients 
without type 2 DM.

The results of the survival analysis of 
COVID-19  patients with DM can be seen in Table  2 
below.

From Table 2, it is known that the mortality rate 
of COVID-19  patients with type  2 DM is 15.53/1000 
person days, meaning that during the observation of 
1000 people a day, 16 COVID-19  patients died with 
type  2 DM., the mortality rate is 6.67/1000 person 
days. This explains that in the observation of 1000 
people a day, 7 COVID-19 patients died without being 
accompanied by type 2 DM. Kaplan–Meier’s graph to 
explain the probability of survival of COVID-19 patients 
based on type 2 DM status is shown in Figure 1 below.

In Table  2 and the Kaplan–Meier chart in 
Figure 1, it can be seen that the probability of survival of 
COVID1-9 patients in the type 2 DM group was 48.98% 
until the end of the observation, which was 49 days. The 
survival probability was lower than in the group without 
type 2 DM with a survival probability of 84.13%. On the 
21st  day of observation, the probability of survival in 
COVID-19 patients with type 2 DM was 71.24% and on 
the 28th day of observation, the probability was 61.22%. 
In COVID-19 patients without type 2 DM, on days 21 
and 28 of observation, the probability of survival was 
the same until the end of the observation, which was 
84.13%.

The results of the log-rank test obtained the 
Chi-square result of 7.66 with p = 0.0056. It can be 
concluded that there are differences in the survival 
curve of COVID-19 patients in the group with Type 2 
DM and the group without Type  2 DM. Based on 
the covariate variables, the probability of survival of 
COVID-19 patients is shown in Table 3.

In Table  3, information on differences in the 
probability of survival of COVID-19  patients based 
on covariate variables, namely, age, sex, occupation, 
vaccination status, symptoms of fever, cough, 
shortness of breath, ARDS, obesity, hypertension, 

cardiovascular disease, chronic kidney failure, COPD, 
use of ventilators, antiviral therapy, treatment rooms, 
and COVID-19 isolation BOR. The results of the log-
rank test analysis showed that there was a statistically 
significant difference in the probability of survival of 
COVID-19  patients based on the variables of age, 
fever, cough, shortness of breath, ARDS, hypertension, 
chronic kidney failure, antiviral therapy, inpatient rooms, 
and the BOR of COVID-19 isolation.

The multivariate analysis was preceded by 
making an initial model on the relationship between 
type  2 DM and COVID-19 mortality by involving all 
covariate variables. The resulting hazard ratio in 
the initial model is 2.506 with a 95% CI of 1.14–5.49 
and p = 0.022. The results of the interaction analysis 
showed that there were no interacting variables in 
the full model. Then perform confounding analysis on 
covariate variables. The results of the confounding 
analysis showed that the confounding variables were 
age, cough symptoms, ARDS, chronic kidney failure, 
vaccination, antiviral therapy, ventilator use, and the 
percentage of COVID-19 isolation BOR. Hazard Ratio 
adjusted relationship between type 2 DM and COVID-19 
mortality. The final model in multivariate analysis is 
shown in Table 4.

The final model from the multivariate analysis 
in this study showed that COVID-19 patients who were 
treated with co-morbidities of type 2 DM were at risk of 
death by 2.676 times compared to those without type 2 
DM after controlling for age, cough symptoms, ARDS, 
kidney failure, chronic disease, vaccination, antiviral 
therapy, use of a ventilator, and the percentage of 
COVID-19 isolation BOR on admission. The magnitude 
of the association was statistically significant with a 
95% CI of 1.24–5.73.

Table 2: Mortality rate and probability of survival of COVID‑19 patients based on type 2 diabetes mellitus variable
DM type 2 Event Sensor Time at risk (days) Mortality rate per 1000 persons days Probabilities survival (CI 95%) Median survival Log rank (p‑value) Test
Yes 38 116 2446 15,53 48.98 (23.97–69.99) 38 0.0056
No 18 136 2248 6,67 84.13 (72.83–91.02) ‑
COVID‑19: Coronavirus disease 2019, DM: Diabetes mellitus.

Figure  1: Graph of Kaplan–Meier probability of survival of 
COVID-19 patients based on type 2 DM status
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Discussion

The result of this study is that the survival 
probability of COVID-19 patients with type 2 DM is 48.98% 
(95% CI: 23.97–69.99%), while in COVID-19 patients 
without type  2 DM the survival probability is 84.13% 
(95% CI: 72.83–91.02%) for 49  days of observation. 
When viewed on 21  days of observation, this study 
resulted in a survival probability of COVID-19 patients 
with type 2 DM of 71.24%, while in COVID-19 patients 
without type 2 diabetes, the probability of survival was 
84.13%. In COVID-19  patients with type  2 DM, the 
probability of survival at the Al Ihsan Hospital was higher 
than the results of the study at the Mogadishu Hospital, 
Somalia. The survival probability of COVID-19 patients 
with type  2 DM in Mogadishu Hospital, Somalia is 
44.9% while in COVID-19 patients without type 2 DM 
is 54.7% [10].

Table 3: Probability of survival of COVID-19 patients based on covariate variables
No Variable Event Sensor Probabilitas survival (IK 95%) Log Rank (p-value) Test

n % n %
1. Aged group

<60 22 11.28 173 88.72 79.35 (67.55–87.25) 0.001
≥60 34 30.09 79 69.91 48.79 (24.02–69.70)

2. Gender 0.0597
Female 20 13.25 131 86.75 69.76 (49.92–82.97)
Male 36 22.93 121 77.07 47.60 (10.91–77.98)

3. Work 0.2782
Not health workers 55 18.71 239 81.29 61.44 (42.77–75.63)
Health workers 1 7.14 13 92.86 92.86 (59.08–98.96)

4. Vaccination
Vaccination booster 0 0 1 100.00 100 0.3135
Vaccination second dose 1 5.00 19 95.00 50 (0.6–91.04)
Vaccination first dose 0 0 8 100.00 100
Not vaccinated 55 19.71 224 80.29 61.78 (43.1–75.91)

5. Fever 0.0462
No 24 13.19 158 86.81 72.52 (55.78–83.79)
Yes 32 25.40 94 74.60 52.05 (20.10–76.66)

6. Cough
No 14 8.14 145 91.19 77.44 (54.13–89.90) 0.0002
Yes 42 28.19 107 71.81 48.63 (19.67–72.64)

7. Hard to breathe 0.0447
No 7 8.33 77 91.67 82.16 (59.01–92.94)
Yes 49 21.88 175 78.13 57.91 (35.83–74.76)

8. ARDS
Non ARDS 18 6.90 243 93.10 87.56 (79.02–92.78) <0.001
ARDS 37 94.87 2 5.13 2.97 (0.2–13.08)
Missing

9. Obesity
No 39 16.12 203 83.88 74.22 (61.90–83.09) 0.2488
Yes 16 25.12 46 74.19 30.58 (1.94–71.42)
Missing

10. Hipertension
Normal 8 9.20 74 90.80 85.69 (71.36–93.17) 0.0104
Elevated 12 17.91 55 82.09 60.76 (26.75–82.84)
Hypertensi stage 1 17 18.89 73 81.11 71.95 (53.85–83.94)
Hypertensi stage 2 19 29.69 45 70.31 0.00

11. Cardiovascular disease
No 47 17.41 223 82.59 64.10 (42.96–79.12) 0.3323
Yes 9 23.68 29 76.32 54.13 (10.15–83.07)

12. Chronic kidney failure
No 50 16.72 249 83.28 64.68 (44.82–7894) <0.001
Yes 6 66.67 3 33.33 0.00

13. Chronic obstructive pulmonary disease
No 56 18.30 250 81.70 62.62 (43.51–78.94) 0.5027
Yes 0 0 2 100.00 100.00

14. Use of ventilator
Use ventilator 18 27.69 47 72.31 55.63 (26.63–77.11) 0.1367
No ventilator 38 15.64 205 84.36 68.43 (51.55–80.48)

15. Antiviral therapy
Remdesivir 18 13.33 117 86.67 81.79 (71.42–88.69) 0.0002
Favipiravir 29 23.58 94 76.42 32.39 (7.70–60.92)
Oseltamivir 5 11.36 39 88.64 87.80 (70.35–95.30)
Tidak diberikan 4 66.67 2 33.33 33.33 (4.61–67.56)

16. Treatment room
COVID-19 isolation 
treatment room

33 12.45 232 87.55 74.43 (60.08–84.27) <0.001

Emergency room (IGD) 1 33.33 2 66.67 66.67 (5.41–94.52)
ICU 22 55.00 18 45.00 25.85 (6.96–50.32)

17. BOR isolation COVID-19
≤45% 4 12.90 27 87.10 75.99 (39.74–92.15) 0.0322
45–85% 13 13.13 86 86.87 63.56 (19.92–88.05)
≥85% 39 21.91 139 78.09 62.42 (48.13–73.80)

Table 4: The final model of the relationship of type 2 diabetes 
mellitus with death in COVID‑19 patients at Al Ihsan Hospital, 
West Java Province
Variable Hazard ratio CI 95% p‑value
DM type 2 2.676 1.24–5.73 0.011
Age 2.376 1.21–4.68 0.012
Cough 3.605 1.58–8.22 0.002
ARDS 2.539 1.76–3.67 0.000
Vaccination status 5.356 0.68–42.01 0.110
Chronic kidney failure 7.045 2.21–22.39 0.001
Use of ventilators 1.838 0.81–4.16 0.144
Antiviral therapy

Remdesivir reff
Favipiravir 1.722 0.87–3.40 0.117
Oseltamivir 1.376 0.43–4.36 0.587
Not given antivirus 2.628 0.76–9.15 0.129

COVID‑19 isolation BOR percentage
<45% reff
45–85% 1.085 0.31–3.78 0.899
≥85% 3.846 1.14–12.95 0.030

In this study, the Kaplan–Meier curve shows 
that the survival probability of COVID-19 patients with 
type 2 diabetes is lower than that of COVID-19 patients 
without type  2 diabetes. The log-rank test results 
obtained a Chi-square of 7.66 with p = 0.0231. It can 
be concluded that there are differences in the survival 
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curve of COVID-19 patients in the group with Type 2 
DM and the group without Type 2 DM.

These results are in line with research 
conducted at Zhongnan Hospital and Renmin 
Hospital in Wuhan China which concluded that the 
survival probability of COVID-19  patients with type  2 
DM was significantly different and lower than that of 
COVID-19 patients without type 2 DM. the rank of the 
study, p = 0.021 [11]. Research at the Tongji Hospital in 
Wuhan also gave the same conclusion as this study on 
the log-rank test with p < 0.001 [12].

Research conducted on a population in 
Latin America, in Ceara Brazil also provides the 
same conclusion that the probability of survival of 
COVID-19 patients with type 2 DM is lower than without 
type 2 DM with the results of the log-rank test on the 
Kaplan Meier curve p < 0.001 [13].

The results of the bivariate analysis in this study 
showed that type 2 DM was a risk factor associated with 
COVID-19 death with a crude hazard ratio of 1.89 (95% 
CI 1.08–3.33). This means that without considering 
the confounding factors, COVID-19  patients with 
type  2 DM have a 1.89 risk of death compared to 
COVID-19 patients without type 2 diabetes.

After controlling for confounders, a final 
model was obtained that considered confounding, 
namely, age, cough symptoms, ARDS, chronic kidney 
failure, vaccination, antiviral therapy, ventilator use, 
and the percentage of BOR COVID-19 isolation at 
admission. The multivariate analysis in this study 
resulted that type 2 DM was associated with COVID-19 
mortality with an adjusted hazard ratio of 2.676  (95% 
CI:  1.24–5.73). This means that COVID-19  patients 
with type 2 diabetes are at risk of death by 2.23 times 
compared to COVID-19 patients without type 2 diabetes 
after controlling for confounding, namely age, cough 
symptoms, ARDS, chronic kidney failure, vaccination, 
antiviral therapy, use of ventilators, and the percentage 
of COVID-19 Isolation BOR upon admission.

The results of this study are in line with a 
retrospective cohort study in Jakarta on 20,481 patients 
in 2020, which stated that type  2 DM was not only 
associated with the development of more COVID-19 
clinical symptoms but also with a high risk of COVID-19 
death of 1.98  times (adjusted RR 1.98 with 95% CI 
1.57–2.51), p < 0.001) compared to COVID-19 patients 
without type 2 diabetes [14].

The previous research from various countries 
gave the same result that type 2 DM was a risk factor 
for COVID-19 death. A  meta-analysis of 9 studies in 
8.807 in China showed that type 2 DM increased the 
risk by 2.96 (95% CI: 2.31–3.79; p < 0.001) [15]. In a 
population study in Scotland, the adjusted odds ratio 
for type  2 diabetes was 1.369  (1.276–1.468) [16]. 
In United  Kingdom, national study of hospitalized 
COVID-19  patients from March to July 2020, type  2 
DM increased the risk of death in hospitals by 1.23 

(adjusted hazard ratio 1.23; 95% CI 1.14–1.32) [17]. 
A meta-analysis of 24 studies in 10,648 patients up to 
July 2021 gave results that are in line with this study. 
Diabetes increased the risk of in-hospital death by 2.44 
(OR 2.44; 95% CI, 1.93–3.09; p < 0.0001) [18].

The relationship between type 2 DM and the 
severity of COVID-19 is due to increased expression 
of angiotensin-converting enzyme 2 (ACE-2) receptors, 
cell aging, immune system disorders, and increased 
pro-inflammatory responses [19] Experimental studies 
suggest that increased expression of ACE2 was found 
in  the kidneys, liver, and pancreas [20]. SARS-CoV-2 
enters the host cell by using a spike protein (S protein) 
to bind to the ACE-2 receptor on the plasma membrane 
of human cells, especially in lung alveoli cells, nasal 
mucosal goblet cells, and intestinal absorptive 
enterocytes [21].

People with diabetes, the immune response 
is impaired and contributes to disease progression in 
COVID-19. Natural killer cells (NK cells) are decreased 
in number in type 2 DM and are associated with blood 
sugar control. These NK cells are involved in innate 
immunity to eliminate pathogens and cancer cells [22]. 
In the context of COVID-19, after the SARS-CoV-2 
virus enters, then cytokines are produced. This attracts 
monocytes, macrophages, and T cells to the site of 
infection which then causes inflammation. In healthy 
individuals, the initial inflammation is followed by T cell 
expression and the production of neutralizing antibodies, 
which serve to fight off the virus before it spreads and 
lung damage can be minimized. However, when the 
immune system is damaged, there is an accumulation 
of immune cells in the lungs which causes excessive 
production of pro-inflammatory cytokines which then 
results in lung and multi-organ damage [23].

Complications caused by DM, namely, 
cardiovascular disease, heart failure, and chronic 
kidney disease, can increase the risk of death in 
COVID-19  patients. Increased glucose levels directly 
increase SARS-CoV-2 replication. Glycolysis maintains 
SARS-CoV-2 replication by producing mitochondrial 
reactive oxygen species and activating hypoxia-
inducible factor 1α. This mechanism supports viral 
proliferation. In insulin-requiring patients, SARS-CoV-2 
infection is associated with a rapidly increasing need 
for high-dose insulin (nearly approaching or exceeding 
100  IU per day). Changes in insulin requirements 
are related to inflammatory cytokine levels. Although 
ketoacidosis is usually found in patients with type 1 DM, 
in patients with COVID-19 ketoacidosis can also occur 
in type 2 DM [24].

In this study, vaccination status was a 
confounder in the relationship between type 2 diabetes 
and COVID-19 mortality. The research subjects were 
COVID-19  patients who were treated at the Al Ihsan 
Hospital from 2020 to 2021. While the vaccination 
program only started in early 2021. From the research 
subjects, only 0.32% had been vaccinated with 
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boosters, 6.49% were vaccinated up to 2nd dose, 1st 
dose vaccination was 2.60% and 90.58% had not been 
vaccinated before being infected with COVID-19. By 
the purpose of vaccination, several studies have proven 
the benefits of vaccination. A study in the UK reported 
that the hazard ratio for death in the BNT162b2 booster 
vaccine group compared to that which had not been 
boosted was 0.10 (95% CI 0.07–0.14; p < 0.001) [25]. 
Appropriate for diabetics to prevent COVID-19.

In addition to controlling blood sugar and 
providing appropriate therapy for COVID-19  patients 
with type  2 diabetes, another important thing is to 
prevent infection with SARS-CoV-2. These prevention 
efforts include being obedient and consistent in 
maintaining hand hygiene, wearing masks, and 
maintaining distance.

Conclusions

The results of this study can be concluded that 
the probability of survival COVID-19 patients with type 
2 DM is lower than COVID-19 patients without type 2 
DM who are treated at Al Ihsan Hospital. There is a 
statistically significant relationship between type 2 DM 
and COVID-19 mortality after controlling for confounder 
variables, namely age, cough symptoms, ARDS, 
vaccination, chronic kidney failure, ventilator use, 
antiviral therapy, and the percentage of BOR COVID-19 
isolation at admission.
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