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W) Check for updates

Background: Evidence reported a high occurrence of diabetes mellitus (DM) during the time of COVID-19. This study aimed to
assess the incidence of DM and its predictors among severe COVID-19 patients admitted to the treatment centre of Wollega
University Referral Hospital (WURH), western Ethiopia.

Methods: A facility-based retrospective cohort study was conducted among severe COVID-19 patients diagnosed using the
rRT-PCR from September 30, 2020, to June 10, 2021. EpiData version 3.2 was used for data entry, and STATA version 14 for
analysis. A Cox proportional hazard regression analysis was used to determine factors associated with DM. A multivariable
Cox regression model with 95% Cl and adjusted hazard ratio (AHR) was used to identify a significant predictor of the
incidence of DM at p-value < 0.05.

Results: A total of 304 patient cards with complete data were included in the final analysis. The mean age of the participants
was 43.3 (SD £ 16.9) years. Of the total 304 patients admitted with severe COVID-19, 14.5% were newly diagnosed with DM with
an overall incidence rate of 13.7 per 1 000 person days’ observation (PDO). The median time to occurrence of DM was 11 days
(95% Cl 7, 13) days. Age > 41 years (AHR =2.54, 95% Cl 1.15, 5.57), living in urban (AHR =2.49, 95% Cl 1.12, 5.52) and loss of
appetite (AHR = 2.24, 95% Cl 1.16, 4.34) increased the hazard of DM incidence, while presenting to the health facility after two
days of clinical manifestation (AHR = 0.49, 95% Cl 0.23, 0.96) decreased the risk of developing DM.

Conclusions: The incidence rate of DM among patients admitted with severe COVID-19 in the study area was found to be 13.7
per 1 000 person days’ observation. Higher age, urban residence, early presentation to a health facility and loss of appetite were
independent predictors of DM incidence. Therefore, we recommend early detection of DM and frequent monitoring of blood

glucose for patients diagnosed with COVID-19.
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Introduction

According to a World Health Organization (WHO) report of July
1, 2021, COVID-19 has infected more than 182,319,261 people,
of whom more than 3.9 million people have died." The rates
of infection and death from COVID-19 vary significantly
between developed and low-income countries. The United
States of America (USA) is the region where the highest death
rate due to COVID-19 was observed, followed by India and
Mexico.?

Since its epidemic eruption, the infectivity and fatality rate has
been increasing rapidly, particularly in people living with
chronic diseases such as hypertension, diabetes mellitus (DM),
kidney diseases and other non-communicable diseases.>* The
research findings indicated that the severity of COVID-19
disease in terms of its virulence and mortality is devastating
in people living with DM.*"'? Currently, the world including
developing countries is suffering from non-communicable
chronic diseases that contribute to 71% of total deaths globally,
to which DM contributes the highest number."®

During this period, COVID-19 has emerged and is a double
burden to patients living with chronic diseases such as
DM.' This new problem is superimposed on the previous
problem of chronic diseases and further aggravates mortality
and morbidity from chronic diseases.'® The severity and mor-
tality of COVID-19 is very much higher in diabetic patients

than in patients without this non-communicable chronic
disease."®

According to different evidence, high diabetes incidence has
been diagnosed among patients infected with COVID-19. The
coexistence of DM with COVID-19 is the major contributing
factor for the increased severity and mortality from COVID-
19.%79 Starting from the first report of the COVID-19 pandemic,
a high number of patients with COVID-19 have been newly
diagnosed with DM.'” A global systematic review and meta-
analysis research showed that the incidence of DM among
patients infected with COVID-19 ranged from 7% to 17%.'°
The coexistence of these diseases is significantly associated
with the socioeconomic status of the population. It is known
that the treatment outcomes of DM in developing countries
are poor due to low self-care practices. COVID-19 also has a sig-
nificant effect among the population who are of low socioeco-
nomic status. As the number of people infected with COVID-19
increases, people living with chronic diseases such as DM are at
higher risk of severe disease, which might increase the rate of
admission to the intensive care unit.'® The pandemic brought
a double burden to people with chronic disease and the
number of COVID-19 cases has risen unacceptably among DM
patients.'®

A study conducted in China showed that the pooled incidence
of DM among patients admitted with COVID-19 was 10%.%°
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Other research findings showed that DM is a risk factor for bad
outcomes of coronavirus infection®?' due to the body having
an impaired immune system.?? The damage of pancreatic islet
cells, and release of glucocorticoids and catecholamines by
inflammation from coronavirus is related to the incidence of
DM among patients with COVID-19.%

Even though the pathophysiology is not well studied, the coro-
navirus also disturbs management of the glucose level and
causes inflammatory-based insulin resistance.?’ In addition,
several factors have been reported as contributing to the inci-
dence of DM among patients infected with COVID-19. Being
male, in an older age group, hospitalised cases, obesity, hypo-
ventilation and acute respiratory distress were the main contri-
buting factors for the occurrence of DM among patients
infected with COVID-19.**

There is no evidence on the incidence of DM among patients
admitted with COVID-19 in Ethiopia. Therefore, this study
aimed to assess the incidence of DM and its predictors among
severe COVID-19 patients admitted to Wollega University refer-
ral hospital treatment centre, western Ethiopia.

Material and methods

Study area and period

This study was conducted in Wollega University Referral Hospi-
tal (WURH), Oromia regional state, western Ethiopia. WURH is in
Nekemte town, which is 330 km from Addis Ababa, the capital
of Ethiopia. It was the first COVID-19 treatment centre estab-
lished in western Ethiopia. The treatment centre offers both
diagnostic and treatment services. The study period was from
September 30, 2020, to June 10, 2021, and the data was
retrieved from medical record cards from June 10 to 25, 2021.

Study design, population and eligibility criteria

A retrospective cohort study was employed. All patients
admitted to WURH treatment centre with severe COVID-19
were both source population and study population and had
medical cards available from September 30, 2020 to June 10,
2021.

All available medical record cards of COVID-19 related admis-
sions from September 30, 2020 to June 10, 2021 were included
in the study. Medical record cards with incomplete information
and patients with prior exposure to corticosteroids were
excluded from the study. Furthermore, those patients who
had previouslybeen diagnosed with DM before their presen-
tation to the treatment centre were excluded from the analysis.

Sample size and sampling techniques

There were 417 admissions to the WURH COVID treatment
centre from September 30, 2020, to June 10, 2021. Of these,
304 medical record cards with complete information were
included in the study.

Variables and outcome measurements

The survival time was estimated in days, and was calculated
from the point when the patient was diagnosed positive for
COVID-19 by using an rRT-PCR test to the patient developing
the outcome (event/censored). The outcome variable of this
study was the incidence of diabetes mellitus, taken as an
event of the study. Patients were diagnosed with DM when
two fasting blood sugar measurements were > 126 mg/dl (>
7.0 mmol/l) after the patient was admitted with severe COVID-

19.% Those patients who did not develop DM while on treat-
ment (recovery, refused treatment/on treatment when the
study was completed, and death) were censored.

The predictor variables considered for this study were sociode-
mographic factors such as age, residence and sex. Clinically
related variables such as fever on admission, headache on
admission, loss of appetite, sore throat, cough on admission,
fatigue, status of the patient on admission, organ failure,
oxygen supplementation activity, duration of clinical manifes-
tation on admission, comorbidity on admission and type of
comorbidity were also considered. Types of medication pre-
scribed by the physician and laboratory-related variables such
as oxygen saturation, chest X-ray, RBS, complete blood count,
haemoglobin, and GeneXpert were also included. Oxygen satur-
ation was categorised as normal oxygen levels in a pulse oxi-
meter, i.e. ranging from 94% to 100%; blood oxygen levels
below 94% are considered low (hypoxemia).?®

Severity of the disease was categorised as asymptomatic for
individuals with no symptoms consistent with COVID-19.
Mild illness was the existence of any of the various signs
and symptoms of COVID-19 (e.g. fever, cough, sore throat,
malaise, headache, muscle pain, nausea, vomiting, diarrhoea,
loss of taste and smell) but no shortness of breath, dyspnoea
or abnormal chest imaging. Moderate illness was defined as
evidence of lower respiratory disease during clinical assess-
ment or imaging and oxygen saturation (SpO,)>94% on
room air at sea level. Severe illness was when an individual
manifested oxygen saturation (SpO,)<94% on room air at
sea level, a respiratory rate >30 breaths/minute or lung infil-
trates > 50%. Critical illness was reported when an individual
showed evidence of respiratory failure, septic shock and/or
multiple organ dysfunction.'®

Data collection tools and techniques

The checklist was developed in the English language. The data
collectors collected information by reviewing all medical record
cards of COVID patients admitted to WURH. The checklist was
developed by reviewing medical cards and similar literature.
Data were collected by two nurses working in the treatment
centre. When the event or diabetes mellitus occurred, the
date of diagnosis and important information was recorded on
the checklist. The principal investigator monitored the progress
of data collection every day. During data collection, the ques-
tionnaires were checked for completeness and consistency by
the principal investigator every day.

Data management and analysis

EpiData version 3.2 (https://www.epidata.dk/) was used for data
entry, and the data were then exported to STATA version 14
(StataCorp, College Station, TX, USA) for further analysis. Data
were cleaned and edited by simple frequency and cross-tabula-
tion before analysis. Descriptive survival analysis such as
Kaplan-Meier survival function estimation was used for the esti-
mation of the distribution of survival time. The Kaplan-Meier
survival curve together with a log-rank test was fitted to test
for the presence of difference in the occurrence of DM among
categorical variables.

The overall survival function and separate estimates for the
stratum of covariates were considered as statistically signifi-
cant at a p-value of 0.05 in the log-rank test. A Cox pro-
portional hazards regression model was used to determine
the predictors of DM by controlling for confounding. Factors
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Total patients admitted with severe COVID-19
from 30 September 2020-10 June 2021 =417

l
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Figure 1: Schematic presentation of patients included in the analysis.

that were associated with outcome variables at 25% (p < 0.25)
significance level in the bivariable test were included in the
final multivariable analysis. The hazard ratio (HR) with 95%
confidence intervals was computed and statistical significance
was declared when it was significant at the 5% level (p < 0.05).
For categorical covariates, the proportionality hazard assump-
tion was tested graphically (log-log plot) and the global
goodness of fit test or Schoenfeld residuals were used to
test the proportionality hazard assumption for both continu-
ous and categorical covariates. A Cox-Snell residual plot was
used to assess the overall goodness of fit of the proportional
hazard model.

Results

From September 30, 2020, to June 10, 2021, a total of 417
patients with severe COVID-19 were admitted to the WURH
treatment centre. Of these, 304 patient cards with complete
data were included in the final analysis (Figure 1).

Sociodemographic characteristics

The mean age of the participants was 43.3 (SD + 16.9) years.
One-third of the participants were in the age group 26-40
years. More than three-quarters (68.1%) of the cohort were
male, and the majority (60.5%) of the participants resided in
urban areas (Table 1).

Clinical manifestation and types of medication

Among the total participants, nearly three-quarters of patients
(73.7%) had fever on admission. More than two-thirds (66.5%)
had headache and more than half (52.2%) had pain. Some

Table 1: Sociodemographic characteristics of severe COVID-19 cases
admitted to Wollega University Referral Hospital, western Ethiopia

Outcome Total, n
Variables Category (%)
Event, n Censored, n
(%) (%)
Age < 25 years 10 76 86 (28.3)
11 95 106 (34.9)
26-40 23 89 112 (36.8)
years
> 41 years
Sex Male 32 175 207 (68.1)
Female 12 85 97 (31.9)
Residence Urban 36 148 184 (60.5)
Rural 8 112 120 (39.5)

80.0% had reported shortness of breath on arrival at the treat-
ment centre (Table 2).

As regards medications, 83.9%, 65.5% and 57.2% of the patients
were prescribed anti-pain/analgesics, azithromycin and dexa-
methasone, respectively (Figure 2).

Baseline medical, clinical and laboratory

characteristics

More than half (41.8%) of the patients had a history of one or more
comorbidities on admission. Hypertension (50.4%), heart disease
(16.5%), asthma (11.9%), kidney disease (3.2%) and stroke (0.8%)
were the major comorbidities reported on admission. Some 54%
of the patients were at the subcritical status on admission, while
27% were critical. Almost all (93.1%) the patients were assisted
by oxygen supplementation, among whom 73.1% were sup-
plemented with intranasal oxygen (Table 3).

Types of complications

In terms of complications, around 24%, 3.9% and 3% developed
respiratory distress, deep vein thrombosis and acute kidney
failure, respectively (Table 4).

Treatment outcome and incidence of DM

Patients admitted with severe COVID-19 were followed for a
total of 3 208 case days. Of the total 304 patients admitted
with severe COVID-19, 44 (14.5%) developed DM during the
follow-up period, while 260 were censored (218 recovered, 34
died, 1 refused treatment and 7 remained on treatment when
the study was completed). The mean follow-up time was 26.5
(95% Cl 24.9, 28.8) days. The patients had been followed up
for a minimum and maximum of 1 and 34 days, respectively.

At the end of follow-up, the overall incidence rate of DM was 13.7/
1 000 person days' observation (PDO) (95% Cl 10.2, 18.4). The
median occurrence of DM was 11 days (95%:Cl: 7, 13) days. The
overall Kaplan—-Meier survival estimates showed that, over time,
the risk of developing DM increased for the first 20 days, and
was constant after 20 days of follow-up (Figure 3).

To examine for a significant difference in survival probability, a
log-rank test was performed. According to the log-rank test,
there was a significance difference in survival function for categ-
orical variables such as residence (p-value = 0.0043), age of par-
ticipants (p-value =0.0060), duration of clinical manifestation
on arrival (p-value =0.0143) and oxygen saturation (p-value =
0.0003).

Predictors of DM incidence

Residence, age of the patient, loss of appetite, sex, duration of
clinical manifestation on arrival at the hospital, status of
patient on admission and level of oxygen saturation were
found to be candidates for the multivariable Cox regression
model. In multi-Cox regression analysis, age of the patient, resi-
dence, loss of appetite and duration of clinical manifestation on
arrival were significant predictors of DM among patients with
severe COVID-19. For patients who were above the age of 41
years, the risk of DM by 2.54 increased compared with patients
aged under 25 years (AHR = 2.54, 95% Cl 1.15, 5.57). The risk of
DM among patients who resided in urban settings was 2.49
times higher than patients residing in rural settings (AHR =
2.49,95% Cl 1.12, 5.52). Patients who presented to a health facil-
ity within two days of clinical manifestation had a 51% higher
risk of DM when compared with patients who presented to
health facilities after 48 hours from clinical manifestation of
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Table 2: Baseline clinical manifestation of severe COVID-19 cases admitted to Wollega University Referral Hospital treatment centre, western Ethiopia

Clinical manifestations Category Outcome Total, n (%)
Event, n (%) Censored, n (%)
Fever on admission No 12 68 80 (26.3)
Yes 32 192 224 (73.7)
Headache on admission No 13 189 102 (33.5)
Yes 31 171 202 (66.5)
Pain on admission No 18 125 143 (47.8)
Yes 26 135 161 (52.2)
Loss of appetite on admission No 22 163 185 (60.9)
Yes 22 197 119 (39.1)
Sore throat No 42 237 279 (91.8)
Yes 2 23 25 (8.2)
Cough on admission No 0 20 20 (6.6)
Yes 44 244 284 (93.4)
Shortness of breath No 6 55 61 (20.1)
Yes 38 205 243 (80.0)
Fatigue on admission No 13 11 124 (40.8)
Yes 31 149 180 (59.2)

the disease (AHR=0.49, 95% ClI 0.23, 0.96). Patients who
reported loss of appetite on admission had an increased rate
of DM of 2.24 compared with patients who had a good appetite
on admission (AHR =2.24, 95% CI 1.16, 4.34) (Table 5).

Discussion

Despite much effort having been undertaken to combat and
tackle the spread of COVID-19, the COVID-19 pandemic con-
tinues to be a global and regional public health challenge. Evi-
dence indicates that there is a bidirectional relationship
between COVID-19 and DM. This is taken to mean that DM
exacerbates the severity of COVID-19, whereas COVID-19 also
causes new onset of DM.>”~%

The findings from this study indicated that, of the total 304
patients admitted with severe COVID-19, 14.5% were newly
diagnosed with DM with an overall incidence rate of 13.7 per
1 000 PDO. This is in line with a number of primary studies
done in different countries such as the USA (20.82%),*° India
(20.6%)*" and China (19.5%).32 The occurrence of DM among
COVID-19 patients could be due to the binding of COVID-19
to ACE2 on the host cells as a receptor. ACE2 is abundantly
found in lung, kidney, liver and pancreas cells. As the number
of ACE2 increases in the host cells, most viruses attach to
ACE2 as a receptor, which causes damage to lung, liver,
kidney and pancreas cells. Finally, it causes disturbance of the
blood glucose level, and DM may arise.**** Qur findings also
depicted that the status of COVID-19 patients on admission
ranged from stable (18.18%) to subcritical (54.54%) and critical

Lasix = 260 O % received

Azithromycin 1 65.5

Ceftriaxone 1 46.7

Vancomycin =y 437
Cefexime [=——a 105
Ceftazidine [y 319

Heparin == 174

TYPES OF MEDICATION

Dexamethasone 1 57.2

Anti-pain/analgesics 1 839
| | | .

0 20 40 60 80 100
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Figure 2: Types of medication prescribed for patients admitted with
severe COVID-19 in WURH, western Ethiopia.

(27.27%). Thus, in the era of pandemics such as COVID-19, early
screening and frequent monitoring of blood sugar should be
emphasised, and physician-patient communication should
receive due attention.>

Our study also showed that nearly a quarter of patients with
newly diagnosed diabetes had respiratory distress. This result
was in line with findings from China®® in which newly diagnosed
patients had more cough and dyspnoea. More importantly,
there is increasing evidence from animal research which
reveals that angiotensin-converting enzyme 2 (ACE2) is
involved in regulation of the blood glucose level, but its mech-
anism is yet to be confirmed. Hence, this might lead to respirat-
ory distress/failure due to ACE2 being believed to be an entry
point for the coronavirus. Hence, COVID-19 infection lessens
the angiotensin-converting enzyme 2 (ACE2) countenance,
which undoubtedly leads to induced cellular damage, hyper-
inflammation and respiratory failure®” Furthermore, the
majority (84.09%) of COVID-19 patients who were newly diag-
nosed with DM had a low neutrophil level of less than 1.5 neu-
trophils/mcl. This is perhaps an indication of a suppressed
immune system, which might be attributed to the new onset
of DM accompanied by COVID-19.

In our study, the place of residence was independently associated
with new DM among COVID-19 patients. The time to developing
DM was significantly faster among urban patients compared
with rural patients with COVID-19. This was supported by pre-exist-
ing evidence regarding the disparities of the epidemiology of car-
diovascular disease (CVD), in which the majority of CVD, including
diabetes mellitus, is pro-urban.®

In this study, the risk of developing DM is 2.5-fold higher
among COVID-19 patients who are aged above 41 than among
their counterparts. This was in line with previous case reports on
newly diagnosed diabetes among COVID-19 patients in which 2
out of 3 were aged above 40.3° Furthermore, this finding was sup-
ported by a study conducted in India in which the mean age of
about 20% of COVID-19 patients who were newly diagnosed
with DM were above 50 years of age.’’

Both age and residence are associated with the incidence of DM
due to the presence of the lockdown principle during the early
pandemic phases. Most patients, particularly the older age
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Table 3: Baseline medical, clinical and laboratory results of severe COVID-19 cases admitted to Wollega University Referral Hospital treatment centre,

western Ethiopia

Variables Category Outcomes Total, n (%)
Event, n (%) Censored, n (%)
Comorbidity on admission No 26 151 177 (58.2)
Yes 18 109 127 (41.8)
Status of patient on admission Stable 8 49 57 (18.7)
Subcritical 24 141 165 (54.3)
Critical 12 70 82 (27.0)
Organ failure No 44 247 291 (95.7)
Yes 0 13 13 (4.3)
Duration of clinical manifestations on arrival 48 hours 11 30 41 (13.5)
> 48 hours 33 230 263 (86.5)
Intranasal oxygen No 5 16 21 (6.9)
Yes 39 244 283 (93.1)
Types of intranasal oxygen Facemask oxygen 4 72 76 (26.9)
Intranasal oxygen 35 172 207 (73.1)
Oxygen saturation > 94% 24 201 225 (74.0)
< 94% 20 59 79 (26.0)
RBS level < 200 mg/dl 34 212 246 (80.9)
> 200 mg/dl 10 48 58 (19.1)
Haemoglobin level > 12.1 gm/dl < 12.0 gm/dI 42 220 262 (86.2)
2 40 42 (13.8)
Neutrophil level 1.5-8 neu/pl 7 27 34 (11.2)
< 1.5 neu/pl 37 233 277 (88.8)
WBC count > 4000/pl 3 9 12 (4.0)
< 4000/pl 41 251 292 (96.0)

Table 4: Types of complications that developed in patients admitted with severe COVID-19 cases to WURH treatment centre, western Ethiopia

Outcomes Total,
Variables Category n (%)
Event, n (%) Censored, n (%)
Respiratory distress No 34 197 231 (76.0)
Yes 10 63 73 (24.0)
Deep vein thrombosis No 39 253 292 (96.1)
Yes 5 7 12 (3.9)
Acute kidney failure No 42 253 295 (97.0)
Yes 2 7 9 (3.0)
Bedsores No 43 255 298 (98.0)
Yes 1 5 6 (2.0)
Electrolyte imbalance No 41 245 286 (94.0)
Yes 3 15 18 (6.0)
Loss of consciousness No 35 232 267 (87.8)
Yes 9 28 37 (122
population and urban residents, implemented the lockdown
1 guidelines. In line with the lockdown principle, routine daily
Kaplan- Meier survival estimate activities were reduced, physical activity was minimised and
there was no mobility from place to place. In addition, there
0.75~ was stress due to the disease and to staying at home. This led
to a lack of options for the selection and consumption of veg-
| etables and fruits, such that most people consumed only pro-
050 cessed food. This all increases the chance of manifesting the
clinical symptoms of DM, particularly undiagnosed DM.>
0.25~ — survivor function
95% Cl This study has also identified that the time from the onset of
| | | clinical manifestation of COVID-19 until a facility visit is also a
10 20 30 predictor for the onset of new DM among COVID-19 patients.
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Figure 3: Overall Kaplan-Meier survival curve of patients admitted with
severe COVID-19, western Ethiopia.

That is, those who presented to the health facilities within
two days of clinical manifestation had 51% higher risk of DM
when compared with patients who presented to health facilities
after 48 hours from clinical manifestation of the disease (AHR =
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Table 5: Multivariable Cox regression analysis of predictors of DM among patients admitted with severe COVID-19 to WURH treatment centre, western

Ethiopia
Variables Category Outcomes CHR AHR p-value
Event (DM), Censored (without DM),
n n
Residence Rural 8 112 Ref Ref
Urban 36 148 2.87 (1.33, 249 (1.12,5.52) 0.024*
6.18)
Age < 25 years 10 76 Ref Ref
26-40 years 11 95 1.12 (0.47, 1.20 (0.49, 2.91) 0.685
> 41 years 23 89 2.65) 2.54 (1.15, 5.57) 0.020*
2.69 (1.27,
5.69)
Sex Female 32 175 Ref Ref
Male 12 85 1.25 (0.61, 1.21 (0.62, 2.38) 0.565
2.33)
Loss of appetite on admission No 22 163 Ref Ref
Yes 22 97 1.56 (0.86, 2.24 (1.16, 4.34) 0.016*
2.83)
Oxygen saturation on > 94% 37 233 Ref Ref
admission < 94% 7 27 4.52 (0.97, 4.27 (0.94, 0.076
9.75) 10.20)
Duration of clinical < 48 hours 1 30 Ref Ref
manifestation > 48 hours 33 230 0.43 (0.22, 0.47 (0.23, 0.96) 0.040*
0.87)
Status of patients on admission Stable 8 49 Ref Ref
Subcritical 24 141 0.48 (0.55, 0.74 (0.31, 1.74) 0.499
Critical 12 70 3.37) 0.69 (0.27, 1.78) 0.454
1.23 (0.61,
2.48)

*Significance level at p-value of 0.05. AHR = adjusted hazard ratio, CHR = crude hazard ratio.

0.49, 95% Cl 0.23, 0.96). The effect of delay in seeking care for
COVID-19 is observed in severe consequences such as
myocardial infarction,*® which is a signal of late presentation
of COVID-19 patients and is a risk factor for a higher rate of
complications.

Loss of appetite was one of the factors significantly increasing
the risk of developing DM among patients diagnosed with
severe COVID-19. This might be due to the fact that severe
COVID-19 iliness can trigger severe diabetic ketoacidosis, a dia-
betic-related complication that occurs when high levels of
ketones build up in the blood and urine in individuals with
new-onset diabetes. Loss of appetite may thus be related to
the presence of diabetic keto-acidosis.*'

This study has its limitations. First, because data was retrieved
by reviewing patient medical cards, due to incomplete and
undocumented cards this study may have missed essential vari-
ables that could influence the occurrence of DM. Another limit-
ation of this study was it did not clearly identify stress
hyperglycaemia from DM due to the nature of the study
design and use of secondary data, which was limited by data
incompleteness. Furthermore, it is obvious that the manifes-
tation of DM is gradual and might be undiagnosed for a
longer period. Therefore, it is uncertain whether DM or
COVID-19 proceeds during the admission period without
knowing the level of A1C. Since A1C is not routinely performed
in our setting, we cannot ascertain whether or not the occur-
rence of DM was definitely due to COVID-19.

Conclusion

The incidence rate of DM among patients admitted with severe
COVID-19 in the study area was found to be 13.7 per 1 000
person days’ observation. The study also identified age

greater than 41 years, living in an urban area, early presentation
to a health facility and loss of appetite as independent predic-
tors of DM incidence among patients admitted with severe
COVID-19. Therefore, we will recommend early detection of
DM and frequent monitoring of blood glucose for patients diag-
nosed with COVID-19. In addition, the elderly and patients who
present with clinical manifestations must receive prompt atten-
tion. Finally, we recommend that scholars undertake further
prospective and randomised trial studies to achieve plausible
evidence for the unclear and unidentified phenomena of an
association between DM and COVID-19.

Disclosure statement — No potential conflict of interest was
reported by the authors.

Funding — No funding was obtained for this study.

Ethical approval - Ethical clearance was obtained from the
Review Ethics Committee of Wollega University, Institute of
Health Sciences (Ref. no: REC524/2020). Since the data were
extracted from patient medical cards, informed consent was
not applicable for this study. Neither the case records nor the
data extracted were used for any other purpose.

Acknowledgements — The authors would like to thank the WURH
staff for their invaluable cooperation during data collection and
our deep gratitude also goes to the data collectors for their
interest and commitment in carrying out the study.

ORCID

Ginenus Fekadu (2 http://orcid.org/0000-0002-4926-0685


http://orcid.org/0000-0002-4926-0685

48

Journal of Endocrinology, Metabolism and Diabetes of South Africa 2023; 28(2):42-48

References

1.

14.

20.

21.

22.

World Health Organization. WHO Coronavirus (COVID-19) Dashboard.
Geneva 2021 [cited 2021 July 1]. Available from: https://covid19.who.int/.
Dyer O. COVID-19: study claims real global deaths are twice official
figures. BMJ: British Medical Journal (Online). 2021;373:n1188. http://
doi.org/10.1136/bmj.n1188.

Saima H, Mohammad Y, Gulab Ke. Novel coronavirus disease
(COVID-19): a pandemic (epidemiology, pathogenesis and potential
therapeutics). New Microbes New Infect. 2020;35(35):100679, http://
doi.org/10.1016/j.nmni.2020.100679.

Pugliese G, Vitale M, Resi V, et al. Is diabetes mellitus a risk factor for
Coronavirus disease 19 (COVID-19)? Acta Diabetol. 2020 Nov;57
(11):1275-1285. http://doi.org/10.1007/500592-020-01586-6.
Hartmann-Boyce J, Morris E, Goyder C, et al. Diabetes and COVID-19:
risks, management, and learnings from other national disasters.
Carediabetesjournals.org. 2020;43(8):1695-1703. http://doi.org/ 10.
2337/dc20-1192.

Alkundi A, Momoh R. COVID-19 infection and diabetes mellitus. J
Diabetes Metab Disord. 2020;7(4):119-120. http://doi.org/10.15406/
jdmdc.2020.07.00212

Li G, Chen Z, Lv Z, et al. Diabetes mellitus and COVID-19: associations
and possible mechanisms. Int J Endocrinol. 2021;2021:7394378.
https://doi.org/10.1155/2021/7394378.

Yaribeygi H, Sathyapalan T, Jamialahmadi T, et al. The impact of dia-
betes mellitus in COVID-19: a mechanistic review of molecular inter-
actions. J Diabetes Res. 2020;2020:5436832. https://doi.org/10.1155/
2020/5436832.

Muniyappa R, Gubbi S. COVID-19 pandemic, coronaviruses, and dia-
betes mellitus. Am J Physiol Endocrinol. 2020;318:E736-E741. http://
doi.org/10.1152/ajpendo.00124.2020.

. Corrao S, Pinelli K, Vacca M, et al. Type 2 diabetes mellitus and

COVID-19: a narrative review. Front Epidemiol. 2020;12:609470.

. Singh AK, Gupta R, Ghosh A, et al. Diabetes in COVID-19: prevalence,

pathophysiology, prognosis and practical considerations. Diabetes
Metab Syndr.2020;14:303-310. http://doi.org/10.1016/j.dsx.2020.04.004

. a U VC, Chukwuma B, et al. COVID-19 and diabetes mellitus: the link

and clinical implications. Dubai Diabetes Endocrinol J. 2020;26:69-77.
http://doi.org/10.1159/000511354

. World Health Organization. Noncommunicable diseases country pro-

files 2018. Geneva: World Health Organization; 2018; [updated 2018;
cited 2020 october 20]. Available from: https://apps.who.int/iris/
handle/10665/274512.

Universitas Surabaya. CORONAVIRUS 2019-nCoV, GO-VIRAL! (cited
2021 July 10]. Available from: https://ubaya.ac.id/2018/content/
articles_detail/288/CORONAVIRUS-2019-nCoV-GO-VIRAL-.html.

. Altuntas M, Yilmaz H, Guner AE. Evaluation of patients with COVID-

19 diagnosis for chronic diseases. Virol J. 2021 Mar 17;18(1):57.
http://doi.org/10.1186/512985-021-01524-0

. de Almeida-Pititto B, Dualib PM, Zajdenverg L, et al. Severity and mor-

tality of COVID 19 in patients with diabetes, hypertension and cardi-
ovascular disease: a meta-analysis. Diabetol Metab Syndr. 2020;12(75).

. Chen N, Zhou M, Dong X, et al. Epidemiological and clinical charac-

teristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan,
China: a descriptive study. Lancet. 2020;395(10223):507-513. http://
doi.org/10.1016/50140-6736(20)30211-7

. Chowdhury TA. Diabetes and COVID-19: diseases of racial, social and

glucose intolerance. World J Diabetes. 2021 Mar 15;12(3):198-205.
http://doi.org/10.4239/wjd.v12.i3.198

. Stoian AP, Kempler P, Stulnig T, et al. Diabetes and COVID-19: what 2

years of the pandemic has taught us. Metab Syndr Relat Disord. 2021:
Ahead of Print. http://doi.org/10.1089/met.2021.0133.

Du M, Lin YX, Yan WX, et al. Prevalence and impact of diabetes in
patients with COVID-19 in China. World J Diabetes. 2020 Oct 15;11
(10):468-480. http://doi.org/10.4239/wjd.v11.i10.468

Li G, Chen Z, Lv Z, et al. Diabetes mellitus and COVID-19: associations
and possible mechanisms. Int J Endocrinol. 2021: Article ID 7394378.
http://doi.org/10.1155/2021/7394378.

Singh AK, Gupta R, Ghosh A, et al. Diabetes in COVID-19: prevalence,
pathophysiology, prognosis and practical considerations. Diabetes
Metab Syndr. 2020;14(4):303-310. http://doi.org/10.1016/j.dsx.2020.
04.004

23

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37

38.

39.

40.

41.

. Chidiebere V, Ugwueze a, Chukwuma B, et al. COVID-19 and dia-

betes mellitus: the link and clinical implications. Dubai Diabetes
Endocrinol J. 2020;26(2):69-77. http://doi.org/10.1159/000511354
Corrao S, Pinelli K, Vacca M, et al. Type 2 diabetes mellitus and
COVID-19: a narrative review [systematic review]. Front Endocrinol
(Lausanne). 2021-March-31;12(267).

Association AD. 2. Classification and diagnosis of diabetes: standards
of medical care in diabetes—2020. Diabetes Care. 2020;43
(Supplement 1):514-S31.

O'driscoll B, Howard L, Davison A. BTS guideline for emergency
oxygen use in adult patients. Thorax. 2008;63(Suppl 6):vi1-vi68.
Ugwueze CV, Ezeokpo BC, Nnolim BI, et al. COVID-19 and diabetes
mellitus: the link and clinical implications. Dubai Diabetes
Endocrinol J. 2020;26(2):69-77. http://doi.org/10.1159/000511354
Mithal A, Jevalikar G, Sharma R, et al. High prevalence of diabetes
and other comorbidities in hospitalized patients with COVID-19 in
Delhi, India, and their association with outcomes. Diabetes Metab
Syndr. 2021;15(1):169-175. http://doi.org/10.1016/j.dsx.2020.12.029
Gregory JM, Slaughter JC, Duffus SH, et al. COVID-19 severity is
tripled in the diabetes community: a prospective analysis of the pan-
demic’s impact in type 1 and type 2 diabetes. Diabetes Care. 2021;44
(2):526-532. http://doi.org/10.2337/dc20-2260

Bode B, Garrett V, Messler J, et al. Glycemic characteristics and clini-
cal outcomes of COVID-19 patients hospitalized in the United States.
J Diabetes Sci Technol. 2020;14(4):813-821. http://doi.org/10.1177/
1932296820924469

Sathish T, Anton MC. Newly diagnosed diabetes in patients with
mild to moderate COVID-19. Diabetes Metab Syndr. 2021;15
(2):569-571. http://doi.org/10.1016/j.dsx.2021.02.034

Guo W, Li M, Dong Y. Diabetes is a risk factor for the progression and
prognosis of COVID-19. Diabetes Metab Res Rev. 2020;36(7):e3319.
Letko M, Marzi A, Munster V. Functional assessment of cell entry and
receptor usage for SARS-CoV-2 and other lineage B betacorona-
viruses. Nat Microbiol. 2020;5:562-569. http://doi.org/10.1038/
s41564-020-0688-y

Iwai M, Horiuchi M. Devil and angel in the renin-angiotensin system:
ACE-angiotensin II-AT 1 receptor axis vs. ACE2-angiotensin-(1-7)-
Mas receptor axis. Hypertens Res. 2009;32(7):533-536. http://doi.
org/10.1038/hr.2009.74

Stoian AP, Banerjee Y, Rizvi AA, et al. Diabetes and the COVID-19
pandemic: how insights from recent experience might guide
future management. Metab Syndr Relat Disord. 2020 May;18
(4):173-175. http://doi.org/10.1089/met.2020.0037

Li H, Tian S, Chen T, et al. Newly diagnosed diabetes is associated
with a higher risk of mortality than known diabetes in hospitalized
patients with COVID-19. Diabetes, Obesity and Metabolism. 2020;22
(10):1897-1906. http://doi.org/10.1111/dom.14099

. Gheblawi M, Wang K, Viveiros A, et al. Angiotensin-converting

enzyme 2: SARS-CoV-2 receptor and regulator of the renin-angioten-
sin system: celebrating the 20th anniversary of the discovery of
ACE2. Circ Res. 2020;126(10):1456-1474. http://doi.org/10.1161/
CIRCRESAHA.120.317015

Adisasmito W, Amir V, Atin A, et al. Geographic and socioeconomic
disparity in cardiovascular risk factors in Indonesia: analysis of the
basic health research 2018. BMC Public Health. 2020;20(1):1-13.
http://doi.org/10.1186/5s12889-020-09099-1

Suwanwongse K, Shabarek N. Newly diagnosed diabetes mellitus,
DKA, and COVID-19: causality or coincidence? A report of three
cases. J Med Virol. 2021;93(2):1150-1153. http://doi.org/10.1002/
jmv.26339

Gadre A, Kotaru V, Mehta A, et al. Delayed presentation during
COVID-19 pandemic leading to post-myocardial infarction ventricu-
lar septal defect. Cureus. 2021;13(6):e15945. https://doi.org/10.7759/
cureus.15945.

Bantle JP, Wylie-Rosett J, Albright AL, et al. Nutrition recommen-
dations and interventions for diabetes: a position statement
of the American diabetes association. Diabetes Care. 2008;31:561—
S78.

Received: 21-09-2022 Accepted: 2-11-2022


https://covid19.who.int/
http://doi.org/10.1136/bmj.n1188
http://doi.org/10.1136/bmj.n1188
http://doi.org/10.1016/j.nmni.2020.100679
http://doi.org/10.1016/j.nmni.2020.100679
http://doi.org/10.1007/s00592-020-01586-6
http://doi.org/ 10.2337/dc20-1192
http://doi.org/ 10.2337/dc20-1192
http://doi.org/10.15406/jdmdc.2020.07.00212
http://doi.org/10.15406/jdmdc.2020.07.00212
https://doi.org/10.1155/2021/7394378
https://doi.org/10.1155/2020/5436832
https://doi.org/10.1155/2020/5436832
http://doi.org/10.1152/ajpendo.00124.2020
http://doi.org/10.1152/ajpendo.00124.2020
http://doi.org/10.1016/j.dsx.2020.04.004
http://doi.org/10.1159/000511354
https://apps.who.int/iris/handle/10665/274512
https://apps.who.int/iris/handle/10665/274512
https://ubaya.ac.id/2018/content/articles_detail/288/CORONAVIRUS-2019-nCoV%E2%80%93GO-VIRAL-.html
https://ubaya.ac.id/2018/content/articles_detail/288/CORONAVIRUS-2019-nCoV%E2%80%93GO-VIRAL-.html
http://doi.org/10.1186/s12985-021-01524-0
http://doi.org/10.1016/S0140-6736(20)30211-7
http://doi.org/10.1016/S0140-6736(20)30211-7
http://doi.org/10.4239/wjd.v12.i3.198
http://doi.org/10.1089/met.2021.0133
http://doi.org/10.4239/wjd.v11.i10.468
http://doi.org/10.1155/2021/7394378
http://doi.org/10.1016/j.dsx.2020.04.004
http://doi.org/10.1016/j.dsx.2020.04.004
http://doi.org/10.1159/000511354
http://doi.org/10.1159/000511354
http://doi.org/10.1016/j.dsx.2020.12.029
http://doi.org/10.2337/dc20-2260
http://doi.org/10.1177/1932296820924469
http://doi.org/10.1177/1932296820924469
http://doi.org/10.1016/j.dsx.2021.02.034
http://doi.org/10.1038/s41564-020-0688-y
http://doi.org/10.1038/s41564-020-0688-y
http://doi.org/10.1038/hr.2009.74
http://doi.org/10.1038/hr.2009.74
http://doi.org/10.1089/met.2020.0037
http://doi.org/10.1111/dom.14099
http://doi.org/10.1161/CIRCRESAHA.120.317015
http://doi.org/10.1161/CIRCRESAHA.120.317015
http://doi.org/10.1186/s12889-020-09099-1
http://doi.org/10.1002/jmv.26339
http://doi.org/10.1002/jmv.26339
https://doi.org/10.7759/cureus.15945
https://doi.org/10.7759/cureus.15945

	Abstract
	Introduction
	Material and methods
	Study area and period
	Study design, population and eligibility criteria
	Sample size and sampling techniques
	Variables and outcome measurements
	Data collection tools and techniques
	Data management and analysis

	Results
	Sociodemographic characteristics
	Clinical manifestation and types of medication
	Baseline medical, clinical and laboratory characteristics
	Types of complications
	Treatment outcome and incidence of DM
	Predictors of DM incidence

	Discussion
	Conclusion
	Disclosure statement
	Ethical approval
	Acknowledgements
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


