
Abstract
Diabetes mellitus (DM) comorbidity is one of the risk factors for coronavirus disease 2019 (COVID-19) mortality. This study aimed to determine the association
of comorbid DM and mortality among COVID-19 confirmed cases in DKI Jakarta Province, controlled with confounding variables from March to August 2020.
The study design was a retrospective cohort using cox proportional hazard regression, with a total sample of 1,480. The data consisted of 740 COVID-19
cases with and 740 without comorbid DM. The inclusion criteria were COVID-19 confirmed cases with polymerase chain reaction (PCR) laboratory testing re-
ported to the DKI Jakarta Provincial Department of Health, and the exclusion criteria were pregnant women. The study result indicated that the Crude Hazard
Ratio (CHR) of DM and mortality among COVID-19 confirmed cases was 7.4 (95% CI = 4.5-12.3, p-value<0.001), while the adjusted Hazard Ratio, controlled
by covariates (comorbid hypertension and age groups) was 3.9 (95% CI = 2.2- 6.8, p-value<0.001). This concludes that the risk of death from COVID-19 cases
with comorbid DM was 3.9 times compared to those without comorbid DM after controlling for confounding variables comorbid hypertension and age group
(<50 years and > 50 years). 
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Introduction
The coronavirus disease (COVID-19) pandemic has

had a devastating impact on global health and socioeco-
nomic stability, including in Indonesia.1–5 From January
2020 to February 21, 2021, a total of 110,763,898
COVID-19 cases with 2,455,331 deaths were reported
globally, including 1,271,353 confirmed cases with
34,316 deaths reported in Indonesia and the DKI Jakarta
Province reported the highest number of COVID-19 cas-
es.6 Several studies indicated that Diabetes Mellitus
(DM) was included in the top three comorbidities in
COVID-19 patients. There was an increase in the inci-
dence and severity of COVID-19 in patients with comor-
bid DM.7-10 The WHO-China joint mission report
showed that the Case Fatality Rate (CFR) of COVID-19
patients with comorbid DM was 9.2%, second only to
cardiovascular comorbidities (13.2%) and higher than
that of patients with hypertension (8.4%). Mortality in-
creases with age, with the most increased mortality
among patients over 80 years old (estimated CFR is
14.8%).11

Based on the 2018 National Basic Health Research in

Indonesia/Riset Kesehatan Dasar (Riskesdas), the preva-
lence of DM in Indonesia, according to a doctor's diag-
nosis in the age 15 population, increased from 2.5% in
2013 to 3.4% in 2018. The DKI Jakarta is the province
with the highest DM prevalence in Indonesia, higher than
the national DM prevalence rate in 2018 (2%).12

According to the study by Harbuwono, et al.,14 DM was
observed in 705 out of 20,481 (3.44%) COVID-19 pa-
tients in Jakarta, which was included in the study. The
proportion of deaths from COVID-19 patients who have
comorbid DM is 21.28%, which is higher than the pro-
portion of deaths in COVID-19 patients without comor-
bid DM (2.77%).14 It is also higher than COVID-19
mortality in the overall population included in the study
(3.41%).13,14 The study by Karyono, et al., indicated
that the proportion of DM deaths in COVID-19 patients
in Indonesia was 15.3%, the second-highest after hyper-
tension (19.2%).15

In DM patients, there is an increased expression of
the receptor Angiotensin-Converting Enzyme 2 (ACE-2),
which increases the binding of SARS-CoV-2 and furin.
This facilitates viral replication, resulting in a high viral
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load and affects severity. The DM patients infected with
COVID-19 are susceptible to cytokine storms due to im-
mune disorders that can lead to Acute Respiratory
Distress Syndrome (ARDS), multi-organ failure, and
death.16 This study aimed to determine the magnitude of
association between comorbid DM and death in con-
firmed COVID-19 cases in DKI Jakarta Province after
controlling the confounding variables (Hazard Ratio
Adjusted). The authors hope this study will contribute to
scientific evidence based on priority interventions. These
include prevention, triage, and case management to re-
duce the incidence and mortality of COVID-19 in pa-
tients with comorbid DM in DKI Jakarta Province.

Method
This study used a retrospective cohort design with

secondary data from the COVID-19 DKI Jakarta report
from March to August 2020.17 The inclusion criteria
were COVID-19 cases confirmed by a Polymerase Chain
Reaction (PCR) laboratory testing, reported to the DKI
Jakarta Provincial Department of Health (PDoH) with
complete data of variables used in this study. The exclu-

sion criteria were pregnant women. The conceptual
framework in this study was to understand the associa-
tion between comorbid DM among confirmed COVID-
19 patients with COVID-19 mortality by considering po-
tential confounders like age group, gender, comorbid hy-
pertension, cardiovascular diseases, chronic obstructive
pulmonary disease (COPD), chronic liver failure, im-
munology disorder, and cancer. The operational defini-
tion of "comorbid DM" is an individual with comorbid
DM in the COVID-19 report data. At the same time,
"COVID-19 death" is a confirmed COVID-19 patient
who is reported to have died in the COVID-19 report
from the DKI Jakarta PDoH. Confirmed COVID-19 pa-
tient is based on laboratory testing results using PCR
showing positive results.

Figure 1 describes the study population and sampling.
Out of the total source population of 41,008 cases in the
COVID-19 report from the DKI Jakarta PDoH, 30,641
cases met the inclusion and exclusion criteria. Out of
30,641 cases, 740 cases were with comorbid DM, and
29,901 cases were without. All 740 cases with comorbid
DM were included in this study. Out of 29,901 cases
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Figure 1. Study Population and Sampling
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without comorbid DM, 740 samples were selected using
the random sampling function in Microsoft Excel. A total
of 1,480 samples in this study consisted of all (740) cases
of COVID-19 with comorbid DM and the 740 cases of
COVID-19 without comorbid DM from the simple ran-
dom sampling of COVID-19 cases without comorbid
DM.

Data analysis was conducted using cox proportional
hazard regression. Statistical analysis was performed us-
ing statistical data analysis software. The multivariate lo-
gistic regression was used to measure the association be-
tween comorbid DM with COVID-19 death. 

Results
The study indicated that 164 out of 1,480 confirmed

COVID-19 cases were dead (CFR 11%). Out of 1,480
total confirmed COVID-19 cases, 146 cases with comor-

bid DM died (CFR 9.9%), while the CFR of COVID-19
cases with comorbid DM was 20%, higher than the CFR
of COVID-19 cases without comorbid DM (CFR 2%).
The univariate analysis (Table 1) indicated that the pro-
portion of death among COVID-19 cases with comorbid
DM (20%), hypertension (24%), and cardiovascular dis-
eases (29%) was higher than COVID-19 patients with-
out comorbid DM. The proportion of death in COVID-
19 cases among > 50 years old is higher (19%) than that
of COVID-19 cases under 50 years old. The proportion
of death among COVID-19 cases with immunity disor-
ders, comorbid cancer, and chronic liver failure was not
included in the further analysis as there were only a small
number of cases.

Bivariate analysis (Table 2) indicated a significant as-
sociation between comorbid DM, comorbid hyperten-
sion, comorbid cardiovascular diseases, and age group
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Table 1. Frequency Distribution of Diabetes Mellitus and Covariates with COVID-19 Mortality

                                                                                        Total                                 Death
Variable                                   Category
                                                                                             n                             n                %

Diabetes mellitus                     Yes                                      740                        146               20
                                                No                                       740                          18                 2
Hypertension                            Yes                                      390                          92               24
                                                No                                    1,090                          72                 7
Cardiovascular diseases            Yes                                      174                          51               29
                                                No                                    1,306                        113                 9
Chronic liver failure                 Yes                                        28                            2                 7
                                                No                                    1,452                        162               11
COPD                                      Yes                                        45                            7               16
                                                No                                    1,435                        157               11
Immunology disorder               Yes                                        23                            0                 0
                                                No                                    1,457                        164               11
Cancer                                     Yes                                       22                            0                 0
                                                No                                   1,458                        164               11
Sex                                           Male                                    775                          94               12
                                                Female                                705                          70               10
Age group                                >50 years old                      750                        139               19
                                                <50 years old                      730                          25                 3

Note: COPD = Chronic Obstructive Pulmonary Disease

Table 2. The Association of Diabetes Mellitus and Covariates with COVID-19 Mortality

Variable                                 Category                      Death           CHR          95 CI (%)        p-value

Diabetes mellitus                   Yes                                146                     
                                              No                                   18                7.4             4.5-12.3          <0.001*
Hypertension                         Yes                                  92                3.3               2.4-4.6          <0.001*
                                              No                                   72                     
Cardiovascular diseases          Yes                                  51                3.4               2.4-4.7          <0.001*
                                              No                                 113
COPD                                    Yes                                    7
                                              No                                 157                1.6               0.7-3.4              0.228
Sex                                         Male                                94                     
                                              Female                             70                1.2               0.9-1.7              0.171
Age group                              >50 years old                 139
                                              <50 years old                   25                   5             13.3-7.7          <0.001*

Notes: COPD = Chronic Obstructive Pulmonary Disease, CHR = Crude Hazard Ratio, CI = Confidence
Interval, *Significant at p-value<0.01
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with COVID-19 mortality (p-value<0.05). Meanwhile,
there was no significant association between comorbid
COPD and sex with COVID-19 death (p-value>0.005).
Stratification analysis indicated that hypertension, car-
diovascular diseases, and age group were potential con-
founders and that there was no potential interaction.

The full model of multivariate analysis is shown in
Table 3. The full model included the main comorbid DM
and five potential confounders; comorbid hypertension,
cardiovascular diseases, COPD, age group, and sex.

The goodness of fit test indicated that the variables
included in the multivariate analysis met the proportional
hazard assumption. The HR value was constant over time
(p-value>0.05). Log-log survival curves to evaluate PH
assumption graphically. Figure 2 indicates Log-Log
Survival Curve of DM Comorbid with COVID-19
Mortality after Controlling for Comorbid hypertension
and Age Group meet PH assumption.

A Schoenfeld scale graph indicated that comorbid
DM, hypertension, cardiovascular diseases, COPD, sex,
and age group were in a relatively horizontal line, thus

indicating that the proportional hazard assumption was
fulfilled, where the risk of death in confirmed COVID-
19 cases with comorbid DM compared to confirmed
COVID-19 cases without comorbid DM tended to be
constant during the observation time. Log-log survival
curves indicated that the proportional hazard assumption
was fulfilled. Therefore, the multivariate analysis used
Cox proportional hazard regression.

Interaction analysis was performed for all independ-
ent variables included in the full model (initial model) by
comparing -2 LL (log-likelihood) in the complete model
with interaction and full model without interaction. No
interaction was found based on the analysis conducted
(p-value>0.05). Confounding assessment found covari-
ates hypertension and age group variable as confounding
variables (changes of HR>10%). Therefore, these were
included in the final multivariate model. Changes in
HR>10% were indicated as confounding variables.18

The final model of multivariate analysis is shown in Table
4. The final model indicated that the adjusted HR was
3.9 (95% CI = 2.2–6.8; p-value<0.001). This meant the
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Table 3. Full Model of Multivariate Analysis

Variable                                           SE                p-value                HR              95% CI

Diabetes mellitus                            0.28              <0.001*               3.6                2.1-6.3
Hypertension                                  0.17               0.045**               1.4                 1-1.99
Cardiovascular diseases                  0.18                0.001*               1.8                1.2-2.6
COPD                                               0.4                  0.703               0.9                0.4-1.9
Age group                                       0.23              <0.001*               2.7              1.74-4.3
Sex                                                 0.16                  0.224               1.2                0.9-1.7

Notes: COPD = Chronic Obstructive Pulmonary Disease, SE = Standard Error, HR =
Hazard Ratio, CI = Confidence Interval, *Significant at p-value<0.01, **Significant at p-
value<0.05.

Figure 2. Graph of Log-Log Survival Curve of DM Comorbid with COVID-19 Mortality after
Controlling for Comorbid Hypertension and Age Group
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incidence of death among confirmed COVID-19 cases
with comorbid DM was 3.9 times higher than confirmed
COVID-19 cases without comorbid DM after controlling
for confounding variables comorbid hypertension and
age group.

Discussion 
This study indicated that deaths from COVID-19 cas-

es with comorbid DM were 20% higher than deaths from
COVID-19 cases without comorbid DM (2%). After con-
trolling for comorbid hypertension and age group, the in-
cidence of death among confirmed COVID-19 cases with
comorbid DM was 3.9 times higher risk than confirmed
COVID-19 cases without comorbid DM. This study was
in line with Zhang's on 258 COVID-19 patients in China,
showing that comorbid DM increased mortality (HR =
3.6; 95% CI = 1–12),19 and Harbuwono, et al.,'s study
that indicated higher mortality in patients with DM in
DKI Jakarta.14 Study on the factors of COVID-19 death
in DKI Jakarta Province on 4,265 COVID-19 patients
during March–July 2020 showed that DM is one of the
risk factors for COVID-19 death (Crude Odd Ratio =
3.8; 95% CI = 2.5–4.1).20 Several other studies have
shown that comorbid DM increases the risk of death in
COVID-19 cases from 1.5 to 4.3 times.10,11,19,21-25 A
study in Korea of 12,646 patients showed that comorbid
DM increases the death risk from COVID-19 (HR 1.5
with 95% CI = 1.1–1.9).26 A meta-analysis study con-
ducted by Kun'ain, et al.,27 showed that comorbid DM
increased the risk of death from COVID-19 (OR = 2.17;
95% CI = 1–4.5). Another meta-analysis conducted by
Huang, et al.,10 which included 30 studies with 6,542
patients, showed that comorbid DM increased the death
risk from COVID-19 (RR = 2.12; 95% CI = 1.44–3.11).
Satria, et al.,'s study on 253 COVID-19 patients in
Surabaya showed that comorbid DM increased the risk
of COVID-19 death 4.3 times (OR = 4.3, p-value
0.016).24 The study by Graselli, et al.,28 showed an asso-
ciation of comorbid DM with an increased risk of dying
from COVID-19 in the ICU (HR = 1.7; 95% CI = 1.47–
1.88). Kshanti, et al.,'s study showed high mortality in
COVID-19 patients with comorbid type 2 DM, who were
hospitalized with hyperglycemia.29 Complications of DM
increase the risk of death, and respiratory failure and sep-

tic shock are more commonly found in hospitalized pa-
tients with hyperglycemia.29

There is an increase in ACE-2 receptors in response
to hyperglycemia and an increase in furin in people with
comorbid DM, which facilitates viral replication, thus in-
fluencing the susceptibility to SARS-CoV-2 infection and
an increase in viral load in the body, which can increase
the severity of illness and death.30 In DM patients infect-
ed with COVID-19, dysregulation of the immune re-
sponse can occur, which increases the pro-inflammatory
cytokine response, leading to a cytokine storm that re-
sults in multi-organ failure. This condition increases the
risk of death. Inflammatory conditions due to dyslipi-
demia and insulin resistance in comorbid DM patients
exacerbates the inflammatory response to SARS-CoV-2
and result in pulmonary dysfunction, leading to ARDS.31

In DM patients, the virus can also attack the pancreas,
damaging pancreatic cells that produce insulin, thereby
exacerbating hyperglycemic conditions.16,31

ACE-2 receptor expression is increased in patients
with comorbid DM. SARS-CoV-2 binds to target cells
via the ACE-2 receptor on epithelial cells of the lung,
throat, intestine, kidney, and blood vessels.23,33 The in-
creased expression of ACE-2 predisposes DM patients to
SARS-CoV-2 infection and affects the viral load, increas-
ing the severity of the disease and can lead to death. In
COVID-19 patients with DM, there is dysregulation of
the immune response. These include dysfunction of neu-
trophils, decreased T-cell-mediated response, increased
pro-inflammatory cytokine response, increased inter-
leukin-1 (IL-1), interleukin-6 (IL-6), and Tumor Necrosis
Factor (TNF)-alpha, which causes severity in COVID-19
patients due to a cytokine storm that increases the risk of
death.16,30

COVID-19 infection that occurs in patients with co-
morbid DM triggers a stress response, increases the se-
cretion of hyperglycemic hormones such as glucocorti-
coids and catecholamines, and results in increased blood
sugar levels and complications of DM.30,32 Inflammatory
conditions in DM patients due to dyslipidemia and in-
sulin resistance exacerbates the inflammatory response
to SARS-CoV-2.32 In patients with DM, more ACE2 pro-
tein is also present in the pulmonary alveolar, which can
cause more severe disease manifestations.32,34,35 In DM
patients, there are thicker alveolar, epithelial, and basal
pulmonary capillaries. Hyperglycemia in DM patients can
cause alveolar capillary microangiopathy, causing re-
duced lung elasticity and resulting in impaired lung func-
tion. High glucose causes oxidative stress and triggers in-
flammatory reactions.36 The studies of Graselli, et al.,
and Roncon, et al., showed that comorbid DM is associ-
ated with an increased risk of death for COVID-19 pa-
tients in the ICU.28,37

In this study, the association between comorbid DM
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Table 4. The Final Model of Multivariate Analysis

Variable                               SE                 p-value            HR             95% CI

Diabetes mellitus                0.28               <0.001*            3.9             2.2–6.8
Hypertension                       0.17                 0.005*            1.6             1.2–2.2
Age group                           0.23               <0.001*            2.7             1.7–4.3

Notes: SE = Standard Error; HR = Hazard Ratio; CI = Confidence Interval,
*Significant at p-value<0.01.
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and death in confirmed COVID-19 cases was controlled
by confounding variables comorbid hypertension and age
group (less than 50 years and more than 50 years), where
covariates of comorbid hypertension and age group in-
fluenced the association between comorbid DM and
death in confirmed COVID-19 cases. These results were
in line with meta-analysis studies showing that comorbid
hypertension affected the risk of death from COVID-
19.38,39 Several studies have shown that age more than
50 years increases the risk of dying from COVID-19. The
study by Kandi, et al., showed that the proportion of
deaths in patients aged 50 years and over (50–80 years
12.9% and > 80% 14.8%) was higher than the propor-
tion of deaths in patients aged less than 50 years (1%).40

Kang's study confirmed that deaths at age more than 50
years are higher than the proportion of deaths at age less
than 50 years (1%).41 This is in line with Freund's study,
which mentions an increase in pro-inflammatory media-
tors such as IL 6 and TNF alpha which is quite significant
(2–4 times) in patients older than 50 years compared to
the group younger than 50 years.42 This study found that
the adjusted Hazard Ratio (HR = 3.9) was lower than
the Crude Hazard Ratio (CHR = 7.4) because comorbid
hypertension and age group covariates (confounders) al-
so increased the risk of death from COVID-19. People
with comorbid hypertension and aged more than 50 years
have a higher risk for COVID-19 death, thus influencing
the association between comorbid DM and COVID-19
mortality. Therefore, after controlling for these covari-
ates, the adjusted Hazard Ratio became HR = 3.9 (95%
CI = 2.2–6.8; p-value<0.001).

This study used data from DKI Jakarta Provincial
Department of Health to determine the association be-
tween DM and COVID-19 mortality after controlling the
confounding variables of hypertension and age group us-
ing the retrospective cox proportional hazard cohort
method. This cohort study is the best research design to
determine exposure and outcome with causality and tem-
poral relationships that are better than other study meth-
ods carried out using the logistic regression method. The
limitations of this study included the use of secondary
data, whereas the researcher cannot control the data
quality, incomplete data, and limited data used for vari-
ables included in this study. Due to the limitation of data,
this study does not have data on other potential con-
founders such as obesity, COVID-19 treatment, other
supporting laboratory tests such as complete blood
count, blood levels, blood sugar, vaccination, occupation,
education, socioeconomic status, and others, as well as
information on the treatment of comorbid diseases.

Secondary data on the COVID-19 report from the
DKI Jakarta PDoH was obtained from the results of epi-
demiological investigations. The comorbid data reported
was based on anamnesis, interviews of health workers

with patients, and not from laboratory examinations. The
comorbid DM cases included in this study were comorbid
cases that a doctor had previously diagnosed. Selection
bias could occur because this study uses COVID-19 data
from the DKI Jakarta PDoH. The cases in this study were
detected by the DKI Jakarta PDOH surveillance system.
However, other cases may not be detected, especially
asymptomatic cases or have mild symptoms. Information
bias could also occur if health workers incorrectly input
data on COVID-19 case reports in DKI Jakarta Province.
This limitation has been minimized by training health
workers in data entry, reporting, and verifying data by
surveillance officers in DKI Jakarta municipalities and
province offices. DKI Jakarta PDoH conducted training
on case detection and reporting for health workers ac-
cording to COVID-19 guidelines, using standard report-
ing form, and increasing detection by increasing labora-
tory testing and contact tracing.

Conclusion
The risk of death from COVID-19 cases with comor-

bid DM was found to be 3.9 times compared to COVID-
19 cases without comorbid DM after controlling for con-
founding variables; comorbid hypertension and age
group (less than 50 years and more than 50 years). This
study emphasizes that special attention and priority
should be given to people with comorbid DM to prevent,
early detection, and manage COVID-19 to reduce
COVID-19 mortality among COVID-19 cases with DM.
People with comorbid DM should be a priority for
COVID-19 prevention efforts, including COVID-19 vac-
cination, targeted Education Information Communi -
cation (EIC) materials for people with DM for COVID-
19 prevention, and ensuring continued essential health
services for DM patients, like the access to physician con-
sultation and DM drugs via telemedicine to avoid the
severity that can increase risk of death. Further studies
can be conducted to understand the association between
death in COVID-19 patients with comorbid DM, consid-
ering COVID-19 vaccination status, DM drug adminis-
tration, and blood sugar level.
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