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Abstract - Underlying medical conditions including age and
gender have been identified as main risk factors for COVID-19.
Common comorbidities in COVID-19 patients include
hypertension, diabetes, and cardiovascular diseases. Current
research has identified diabetes as one of the risk factors for
the severity of COVID-19. While there has been extensive
research showing the correlation of diabetes and severity of
COVID-109, there is a lack of research evaluating the extent of
the risk diabetes presents to infected patients. In this research,
we aim to investigate to what degree diabetes may affect the
severity of COVID-19. We perform meta-analysis through data
extraction to evaluate the relationship between diabetes and
severity in contrast to non-diabetes groups. We reviewed
recently published literature databases, including PubMed,
ResearchGate, and NCBI, until July 16, 2020. The quality of the
papers was evaluated through the Newcastle-Ottawa Scale
and converted into the AHRQ scale to classify the papers into
good, fair, and poor quality. Data regarding ICU admission,
mortality rates, and percentage of patients in severe and
critical conditions comparing diabetics and non-diabetics
were collected to assess the extent of the risk that diabetes
poses to the prognosis of the virus. A meta-analysis model was
established to compare the diabetics and non-diabetics
subgroups. Our meta-analysis showed a strong correlation
between diabetes and severity of COVID-19. Diabetics were
2.377 times more likely to deteriorate to severe conditions
than non-diabetics as they are likely to have more than one
comorbidity and display higher inflammatory responses.
Therefore, this study recommends the use of diabetes history
to allocate adequate treatments for diabetics infected with
COVID-109.
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1. INTRODUCTION

Many reports have shown different clinical characteristics in
patients infected by COVID-19. While patients show common
symptoms of fever, cough, and difficulties in breathing, they
have shown varying prognosis of the virus. While ithas been
reported that most patients recover from the virus without
special treatment in a recovery time of approximately two
weeks, approximately 20% of those infected by COVID-19
require hospital care and undergo severe conditions.
Common risk factors to COVID-19 include age and
underlying medical conditions. Studies have identified
comorbidities as risk factors to severity of the virus,
indicated by higher ICU admission rates, mortality, and

percentage of patients in severe and critical conditions.
Some common comorbidities observed in severe populations
include hypertension, diabetes, cardiovascular diseases,
chronickidney, liver, and pulmonary diseases. Among these
comorbidities, hypertension and diabetes have been
identified as the most common comorbidities observed in
severe patients. Patients with diabetes have been reported to
have greater inflammatory responses with higher possibility
of infection from other pathogens. Yet, it is unclear whether
how much risk diabetes poses to the severity of the virus
especially compared to those who do not have the
comorbidity. In this research, we aim to investigate the
correlation between diabetes and severity of COVID-19 and
its comparison to patients without the comorbidity.

2. METHOD

The method of this research was based on first developing a
search  protocol. Keywords included “COVID-19”,
“coronavirus”, “severity”, “comorbidity”, “diabetes”, and
“clinical”. Papers that were found based on these search
keywords were included in this study if they involved the
outcome of patients with diabetes and COVID-19, were cohort
studies, based on multi-center or single-center clinical
records, included sample size greater than 30, and discussed
the admission of severe patients into intensive care unit
(ICu).

Papers were then determined of its quality and relevance to
this study. Criteria were created for extracting data and
relevant data was recorded using an external software Google
Sheets. In order to determine the relevance of a paper, the
Newcastle-Ottawa scale was used to evaluate the quality of
each paper. Papers were assessed based on three domains:
selection, comparability, and outcome. For the selection
criteria, the papers were examined on its representativeness,
selection of the non-exposed cohort, ascertainment of
exposure, and demonstration of outcome of interest.
Outcome was evaluated based on assessment of the outcome
and the adequacy of follow-up. The median duration of
follow-up was established at one month due to the rapid
progression of the virus observed in diabetes patients
infected by COVID-19. A star was awarded for each criterion
it met. The Newcastle-Ottawa scale was converted into the
AHRQ scales of good, fair, and poor quality based on the
number of stars received for each domain.

Papers that were determined to have good or fair quality
advanced to the data extraction stage where the sample size,
percentage of patients with diabetes, and number of patients
discharged, admitted into intensive care units, or died. To
evaluate the correlation between pre-existing diabetes and
severity of COVID-19 infection, data on the number of
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patients with diabetes, admitted to intensive care, or death
were considered along with hazard ratios. Mean values and
ratios of diabetes and non-diabetes patients were used to
reach a conclusion.

Papers have utilized different markers to describe the
severity of the virus in diabetics. These methods included
comparisons of number and percentage of patients admitted
to ICU, classification of patients into mild, severe, and critical
conditions, mortality, and use of treatment methods such as
mechanical ventilation. In order to create unified parameters
that would compare the severity of the virus in diabetics and
non-diabetics, these markers have been narrowed down into
conditions and mortality. Admission to ICU, use of ventilator
supports, and severe and critical conditions were combined
to describe the severity of the virus. Mortality values were
averaged to be compared to the control group.

3. RESULTS

Twenty-six (26) papers were collected and their quality was
assessed through the Newecastle-Ottawa scale. When
converted into the AHRQ scale, 15 papers were classified as
good quality, 2 papers were of fair quality, and 9 papers were
of poor quality. Among poor quality papers, many of them
collected data from a nationwide database, which had its
strengths in representativeness but lacked adequacy of
follow-ups for missing data due to its large sample size. Some
of these papers did not have a control group which made it
difficult to compare the severity of COVID-19 patients that
had diabetes with those that did not.

Compared to patients without diabetes, common baseline
characteristics of diabetics involved older age and history of
multiple comorbidities along with diabetes, with
hypertension being one of the main comorbidities in these
patients. Laboratory tests showed that patients with diabetes
had severe inflammation with weak immune responses that
had reduced functions.

Fifteen (15) papers have shown association between diabetes
with severity of COVID-19. In order to investigate the extent
of how diabetes affects the severity of the virus, three
markers were utilized: ICU admission rates, mortality, and
demographics of severe and critical condition patients. As
seen on Table 1, data comparing the rates of ICU admission in
diabetics and non-diabetics have been analyzed to deduce the
ratio of diabetics admitted to ICU compared to non-diabetics.
The following equation (a) has been used and the comparison
values have been averaged to deduce the mean value. As a
result, this data showed that diabetes patients are 2.785
times more likely to be admitted to ICU than non-diabetes
patients.

Rate of diabetes patients
Rate of non—diabetes patients

Equation (a):

As shown on Table 2, when comparing the mortality of
diabetics and non-diabetics, the same method was used to
compare how the comorbidity can affect mortality from
COVID-19. Equation (a) was used to deduce the stark
differences in two groups. In this particular data, Cummings
et al. paper used hazard ratios for mortality and this value

was added as input data for the comparison column. Out of
11 papers that used mortality as a marker for indicating
severity, data from 8 papers was used to deduce the mean
value for the comparison between mortality in diabetes and
non-diabetes patients. Results have shown that mortality is
higher by 2.379 times for diabetes patients than those
without the comorbidity.

The third marker in evaluating the extent of severity in the
diabetes and non-diabetes population was using the number
of patients in severe or critical condition. Patients were
evaluated in these conditions based on their vital signs.
Similar to the two data sets above, this data was analyzed by
comparing the percentage of diabetes and non-diabetes
deteriorating to severe or critical conditions as illustrated in
Table 3. Based on the analysis, diabetes patients were more
likely to fall into severe conditions by 1.885 times and fall
into critical conditions by 2.459 times.

When averaging the comparison ratios of each marker,
diabetes patients are more likely to go through severe
conditions when infected by 2.377 times than non-diabetes
patients.

Table -1: Comparison of Severity of Diabetes and Non-
diabetes Patient Based on ICU Admission

Paper Diabetes | non-Diabetes | Comparison
Argenziano et 0428 ) )
al.l1l
Chen et al.[2] 0.052 0.027 1.941
Guan et al.[4l 0.146 0.055 2.665
Ortiz Brizuela et 0.414 0.180 2297
al.l7]
Shang et al.[8] 0.107 0.058 1.847
Shi et al.[% 0.176 0.078 2.250
Suleyman et
al110] 0.388 - -
Yan et al.[12] 0.667 0.414 1.612
Zhang et al.[15] 0.082 0.012 6.885
Mean 0.273 0.118 2.785

Table -2: Comparison of Mortality of Diabetics and Non-
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Guan et al.[4l 0.100 0.025 3.946
Guo et al.l5] 0.108 0.036 2.962
Shang et al.[8l 0.181 0.080 2.261
Shi et al.[% 0.203 0.105 1.938

Wang et al.[11] 0.857 -

Yu et al.[13] 0.327 -
Zhang et al.[14] 0.813 0.476 1.707
Zhang et al.[15] 0.213 0.095 2.238

Zhou et al.[10] 0.472 -
Mean 2.379

Table -3: Comparison of Severity of COVID-19 Infection in
Diabetics and Non-diabetics Based on Condition

Severe Condition
Paper Diabetes | non-Diabetes | Comparison
Guan etal.[4 0.346 0.143 2.418
Jang et al.[6] 0.609 0.172 3.541
Shang et al.[8] - - -
Zhang et al.[14] 0.381 0.472 0.807
Zhang et al.[15] 0.525 0.679 0.773
Mean 0.465 0.366 1.885
Critical Condition
Paper Diabetes | non-Diabetes | Comparison
Guan et al. [4] - 0.100
Jang et al. [6] - 0.174
Shang et al.[8l 0.202 0.095 2.024
Zhang et al.[14] 0.333 0.123 1.912
Zhang et al.[15] 0.328 0.095 3.443
Mean 0.288 0.123 2.459

4. CONCLUSIONS

Results show that there is a strong correlation between the
severity of COVID-19 in patients with diabetes. In terms of
mortality, diabetics have 2.379 times higher mortality than
non-diabetics. Diabetes patients are more likely to fall into
severe and critical conditions than non-diabetes patients by
1.885 times and 2.459 times respectively. Another marker,
ICU admission rates, also show that diabetics are more likely
to be admitted to the facility than non-diabetics by 2.785

times. These markers can be combined to a conclusion that
diabetics are more likely to fall into severe conditions by
2.377 times than non-diabetics when infected by COVID-19.

Numerous papers have pointed out two main reasons for the
high severity in diabetes patients. First of all, diabetes is a
comorbidity that usually comes with aging, which has also
been identified as one of the risk factors for COVID-19.
Furthermore, patients with diabetes are likely to have pre-
existing comorbidities other than diabetes, such as
hypertension. Hypertension has also been identified as one
of the risk factors for the virus and having multiple
comorbidities is likely to increase the risks for diabetics.

Another mechanism behind the high severity links to severe
inflammatory responses in diabetes patients. Radiological
and clinical data show that diabetics had high levels of
neutrophils, c-reactive protein and procalcitonin, and a
lower level of lymphocytes than patients without the
comorbidity, indicating that diabetes patients have severe
inflammatory responses when infected by COVID-19.

These factors combined to result in a severe inflammatory
storm deteriorating the conditions of diabetic patients,
which led to greater severity and poor prognosis of the virus.
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