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Background: The novel severe acute respiratory syndrome coronavirus (SARS-CoV-2) causes COVID-19, a recent infectious disease
that aggravates the underlying pathophysiology of hyperglycemia in diabetic individuals. This study aimed to detect how diabetes
mellitus (DM) affected COVID-19 patients’ morbidity and mortality, and the incidence of neonset DM.
Patients and Methods: The present study was a cross-sectional study done at Aswan Isolation Hospitals, Egypt. It comprised 200
individuals who had been tested positive for COVID-19. They were divided into two groups: group 1 (pre-existing diabetes = 143
patients) and group 2 (new-onset diabetes = 57 patients), and all patients were subjected to general examinations, hospital stay
duration, and investigations, such as (complete blood count, urea, creatinine, HBA1c, fasting, postprandial, and random blood sugar,
D-Dimer, ferritin, C-reactive protein, PCR for SARS COV-2 RNA, and CT chest.
Results: The current study consisted of 94 males and 106 females. According to disease severity, they were 96 (48.0%) critical cases,
57 (28.5%) severe cases, and 47 (23.5%) non-severe cases. The incidence of new-onset DM in COVID-19 patients was 28.5% (57 new
cases), with a mortality rate of 42.0% (84 cases). Regarding glycemic control, we found a significant difference in fasting blood sugar
(FBS) between the two groups, with a significant increase of FBS in the dead group than in the survived group. We also found
a significant age difference in critical than in severe and non-severe groups, with a high mortality rate in older patients. Inflammatory
markers, such as ferritin, CRP, and D-dimer, were higher in critical than in severe and non-severe groups.
Conclusion: The prevalence of new-onset DM is significant among hospitalized COVID-19 patients. Older patients were more prone
to disease severity with high mortality rate. Inflammatory markers such as CRP and ferritin were significantly related to the COVID-19
severity and outcome.
Keywords: COVID-19, diabetes mellitus, morbidity, mortality rate, disease severity

Introduction
COVID-19 is a newly discovered infectious disease caused by the novel severe SARS-CoV-2. The high infectivity and
asymptomatic transmission of COVID-19 made it different from previous coronavirus infections (severe acute respira-
tory syndrome and the Middle East respiratory syndrome (SARS and MERS), which led to the present global COVID-19
pandemic. COVID-19 infection appears to worsen the underlying pathophysiology of hyperglycemia in diabetic patients,
according to new facts.1

Diabetes is identified by chronic hyperglycemia that impairs the immune response and makes patients more
susceptible to develop infectious diseases. On the other hand, acute and stress hyperglycemia can cause more complica-
tions in COVID-19 patients, regardless of past history of diabetes. Hyperglycemia was reported in 51% of COVID-19
individuals in a recent study from Wuhan, China.2 The US Centers for Disease Control and Prevention reported diabetes
prevalence rising with increasing severity of COVID-19, from 6.4% in non-hospitalized patients to 24.2% in hospitalized
patients and 32.4% in ICU patients.3

There is a bidirectional relationship between COVID-19 and diabetes. On the one hand, diabetes is associated with an
increased risk of severe COVID-19. On the other hand, new-onset diabetes and severe metabolic complications of pre
existing diabetes, including diabetic ketoacidosis and hyperosmolarity have been observed in patients with COVID-19.4
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COVID-19 causes diabetic keto-acidosis (DKA) by the mechanism, which has yet to be fully explained; nevertheless,
it has been shown that it seems to use the receptor for angiotensin-converting enzyme 2 as a gate that is expressed in the
intestine, kidney, and pancreas. Consequently, the virus can trigger cellular destruction of the islets of Langerhans, which
may explain the increased prevalence of DKA in diabetic and non-diabetic persons. This damage may be expressed by
the rising of pancreatic enzyme levels. Similarly, COVID-19-induced insulin resistance has been observed, which, in
addition to pancreatic damage, elevate the risk of hyper-glycemic crisis in diabetic patients.5

In human monocytes, increased blood sugar levels directly increase COVID-19 replication, and glycolysis maintains
COVID-19 replication by the production of mitochondrial reactive oxygen species and activation of hypoxia-inducible
factor 1α. Therefore, high blood glucose may support viral proliferation; in concord with this hypothesis, hyperglycemia
or a history of diabetes were revealed to be an independent factor of mortality and morbidity in COVID-19 patients.6

Hyperglycemia is a powerful indicator of prognosis in COVID-19-hospitalized patients, and recent studies revealed
that hyperglycemia in patients with COVID-19 displays a higher cumulative incidence of severe disease than persons
without hyperglycemia.7 Isolation from clinicians missed blood glucose monitoring, inappropriate discontinuation of
angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, hyperglycemia-induced changes in the immune
system, and elevation of inflammatory cytokines are all possible reasons for higher mortality in diabetic patients.8

Individuals with diabetes, hypertension, CVD, and severe obesity are at a greater risk for poor COVID-19 outcomes;
people who have diabetes and/or obesity have an impaired innate and adaptive immune response characterized by
a condition of chronic low-grade inflammation, which may result in systemic metabolic alteration, such as elevated leptin
level (a pro-inflammatory adipokine) and decreased adiponectin level (an anti-inflammatory adipokine).9

Several factors have been related to the risk and severity of COVID-19 infection in diabetic patients, including
increased expression of ACE2, IL-6, and furin, as well as reduced T-cell function.6

Patients and Methods
Study Design, Setting, and Patients
The current study was a cross-sectional study that included 200 participants identified with positive SARS COV-2 RNA
from Aswan Isolation Hospitals (Middle Eastern population in Egypt); we included the patients who had history of
diabetes or had new-onset diabetes (based on the first glucose measurement upon admission, fasting admission glucose
≥126 mg/dL and/or HbA1c ≥6.5%) and were over the age of 18, the patients were divided into two categories: group 1
(pre-existing diabetes = 143 patients) and group 2 (new-onset diabetes = 57 patients).

According to clinical and radiological data, they were classified into critical cases with any of the following criteria:
respiratory failure that requires artificial ventilation, shock, or other organs failure that require intensive care unit, severe
cases with a ratio of arterial partial oxygen pressure to inspired oxygen fraction (PaO2/FiO2) <300 mmHg, lung infiltrates
>50%, respiratory rate >30 breaths per minute or patients with SpO2 <94% in room air, none severe cases (patients who
did not meet the criteria of the critical or severe form).

Exclusion Criteria
● Pregnant women.
● Age <18 years.
● Type 1 diabetes and pre-diabetes.
● Previous history of drugs that elevate blood sugar as steroid, thiazide, calcineurine inhibitors.

Data Collection
We collected the following data from every eligible patient: demographic data, hospital stay duration, clinical examina-
tion findings included the severity of disease and laboratory investigations that included complete blood count (CBC),
kidney function tests, random blood sugar level (RBS), HBA1c, FBS, postprandial glucose level, D-Dimer, serum ferritin
level, CRP, PCR for SARS CoV-2 RNA.

https://doi.org/10.2147/IJGM.S360160

DovePress

International Journal of General Medicine 2022:155730

Sayed et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Study Outcomes
The primary outcome in the present study was the high prevalence of new-onset DM among hospitalized COVID-19
patients; the secondary outcome was the association between DM and higher morbidity and mortality rates in COVID-19
patients.

Ethical Statement
We confirm that this research complies with international ethical standards as well as local regulatory requirements.
There are no known dangers to study participants in terms of physical, psychological, social, legal, economic, or other
factors. The study’s objectives, methodology, risks, and benefits were all explained to the participants. All eligible
patients in the study have given their written informed consent. Our study was conducted in accordance with the
Declaration of Helsinki for studies on human subjects. The Ethics Committee of Aswan University’s Faculty of Medicine
reviewed and approved the study.

Statistical Analysis
Data were collected, revised, coded, and entered into the Statistical Package for Social Science (IBM SPSS) version 20.
The qualitative data were presented as numbers and percentages, while quantitative data were presented as mean,
standard deviations, and ranges when their distribution was parametric. The comparison between the two groups with
qualitative data was performed using the Chi-square test and/or Fisher exact test was used instead of the Chi-square test
when the expected count in any cell was found less than 5. The comparison between two independent groups with
quantitative data and parametric distribution was made using an independent t-test. The comparison between two
independent groups with quantitative data and non-parametric distribution was performed using the Mann–Whitney
Test. The confidence interval was set to 95%, and the margin of error accepted was set to 5%. So, the p-value was
considered significant as the following: P > 0.05 = non-significant (NS), P < 0.05 = significant (S), P < 0.001 = highly
significant (HS). Survival analysis was done using the Kaplan–Meier method.

Results
Our study included 200 patients from Aswan Isolation Hospitals diagnosed with positive SARS COV-2 RNA. Most of
the patients were females (53%) with a mean age of 64.43 ± 13.62 years. The average body mass index (BMI) of patients
was 24.96 ± 2.33 kg/m2. All COVID-19 patients received I.V steroid and 19 of them (9.5%) received interleukin-6
inhibitor (tocilizumab) and 37 (18.5%) cases were on mechanical ventilator, 93 (46.5%) cases were on continuous
positive airway pressure (CPAP), 23 (11.5%) cases were on reservoir oxygen mask and 47 (23.5%) cases were on nasal
oxygen mask.

According to disease severity, there were 96 (48.0%) critical patients, 57 (28.5%) severe patients and 47 (23.5%) non-
severe patients. The incidence of new-onset DM in COVID-19 patients was 57 new cases (28.5%), the incidence of acute
kidney injury (AKI) between COVID-19 patients was 64 cases (32.0%), with a mortality rate of 84 cases (42.0%).

Regarding glycemic control, we found that there was a highly significant increase in the mean ± SD of FBS of group
1 patients 244.32 ± 54.41 mg/dl when compared with group 2 203.51 ± 33.82 mg/dl (P < 0.01) as presented in Table 1.

In comparing glycemic control between groups of the study according to the severity of disease, there was a highly
significant increase in the mean ± SD of FBS in the critical group 245.02 ± 58.28 when compared with severe 221.56 ±
47.37 and non-severe group 221.00 ± 40.62 (P 0.006), as illustrated in Table 2.

Table 3 compares between preexisting and new onset diabetes regarding laboratory finding and outcome and severity
that reveal a significant difference between two groups regarding RBG, HBA1c, creatine and Na.

We also conducted the relation between the patient’s outcome and glycemic findings, which revealed a highly
significant increase in the mean ± SD of FBS in the dead group 245.42 ± 56.88 when compared with the survived
group 215.11 ± 40.41 (P = 0.00), as displayed in Table 4.

A significant difference was found between the two groups regarding hospital stay (days), we found that the median
(IQR) of hospital stay was higher in group 2 [10 (7–15]) when compared with group 1 [7 (5–13)] (P 0.015).
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Table 1 Comparison Between Preexisting DM (N =143) and New-Onset DM (N =57) Regarding Glycemic Finding

Glycemic Finding Pre-Existing DM New-Onset DM Test Value P-value

N = 143 N = 57

Fasting Mean ± SD 244.32 ± 54.41 203.51 ± 33.82 5.267 0.000**
Range 130–391 142–301

Post prandial Mean ± SD 375.48 ± 73.56 285.60 ± 53.08 8.390 0.000**
Range 209–600 186–450

RBG Mean ± SD 381.18 ± 91.93 279.09 ± 65.18 7.648 0.000**
Range 191–600 175–600

HBA1c Mean ± SD 8.06 ± 0.77 5.71 ± 0.20 22.632 0.000**

Range 2.9–9.9 5.1–6.1

Notes: ** highly significant.
Abbreviations: DM, diabetes mellitus; RBG, random blood glucose.

Table 2 Relation Between Disease Severity and Glycemic Finding

Glycemic Finding Critical Non-Severe Severe Test Value P-value

N = 96 N = 47 N = 57

New–Old DM Pre-existing 67 (69.8%) 36 (76.6%) 40 (70.2%) 0.785 0.675
New 29 (30.2%) 11 (23.4%) 17 (29.8%)

RBG Mean ± SD 371.31 ± 101.81 320.51 ± 66.85 345.74 ± 102.45 4.689 0.010*
Range 175–600 195–480 191–600

HBA1c Mean ± SD 7.42 ± 1.38 7.39 ± 1.04 7.36 ± 1.21 0.043 0.958
Range 2.9–9.9 5.4–9.2 5.1–9.1

Fasting Mean ± SD 245.02 ± 58.28 221.00 ± 40.62 221.56 ± 47.37 5.276 0.006**
Range 130–391 155–317 140–360

Post prandial Mean ± SD 369.68 ± 80.24 326.23 ± 61.76 335.96 ± 83.80 6.254 0.002**

Range 186–600 215–420 209–600

Notes:*significant, **highly significant.
Abbreviations: DM, diabetes mellitus; RBG, random blood glucose.

Table 3 Comparison Between Preexisting DM (N = 143) and New-Onset DM (N = 57) Regarding
Laboratory Finding and Outcome and Severity

Lab Finding Preexisting DM New Onset DM

N = 143 N = 57

HB Mean ± SD 11.55 ± 1.99 11.47 ± 1.96
Range 5.9–17 6–15.3
<12 79 (55.2%) 33 (57.9%)

>12 64 (44.8%) 24 (42.1%)

TLC Mean ± SD 13.29 ± 5.88 12.28 ± 5.33
Range 1.9–36.5 1.9–26.3

<4 3 (2.1%) 3 (5.3%)
4–12 56 (39.2%) 25 (43.9%)

>12 84 (58.7%) 29 (50.9%)

(Continued)
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Regarding outcome (Recovery and Death), no significant difference was found between studied groups. In group 1,
there were 80 (55.9%) died case and 63 (44.1%) survived case, while in group 2, there were 36 (63.2%) died case and 21
(36.8%) survived case (P = 0.351).

Table 3 (Continued).

Lab Finding Preexisting DM New Onset DM

N = 143 N = 57

PLT Mean ± SD 251.70 ± 90.43 255.37 ± 100.89
Range 62–624 66–597

RBG Mean ± SD 352.09 ± 96.75 279.09 ± 65.18
Range 175–600 175–600

HBA1c Mean ± SD 7.39 ± 1.25 5.71 ± 0.20
Range 2.9–9.9 5.1–6.1

Ferritin Median (IQR) 374.5 (271–521.5) 350 (244–513)
Range 11.7–2000 68–2000

<200 9 (6.3%) 4 (7.0%)

>200 134 (93.7%) 53 (93.0%)

CRP Median (IQR) 73.5 (48–89) 78 (48–97)
Range 8.8–213 16–131
<48 53 (37.1%) 17 (29.8%)

>48 90 (62.9%) 40 (70.2%)

D-dimer Median (IQR) 3200 (1893–5020) 3016 (1367–5000)
Range 7.06–70,000 190–10,000
<500 14 (9.8%) 11 (19.3%)

>500 129 (90.2%) 46 (80.7%)

Urea Median (IQR) 50 (35–105) 43 (35–85)
Range 21–355 22–185

Creatinine Median (IQR) 1.1 (0.8–2.25) 1 (0.8–1.2)
Range 0.4–14 0.4–10.6

Na Mean ± SD 137.11 ± 6.68 138.88 ± 7.32
Range 113–161 115–154

K Mean ± SD 4.06 ± 0.78 3.90 ± 0.60
Range 2.2–7.5 2.2–5.1

ALT Median (IQR) 35 (29–47) 40 (31–50)
Range 12–615 14–76

AST Median (IQR) 33 (28–45) 37 (28–43)
Range 15–531 16–104

Recovery – death Death 80 (55.9%) 36 (63.2%)
Recovery 63 (44.1%) 21 (36.8%)

Disease severity Critical 67 (46.9%) 29 (50.9%)

Non-severe 36 (25.2%) 11 (19.3%)
Severe 40 (28.0%) 17 (29.8%)

Abbreviations: HB, hemoglobin; TLC, total leucocyte count; RBG, random blood glucose; CRP, C-reactive protein; Na, sodium; K,
potassium; ALT, alanine transaminase; AST, aspartate transaminase.
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We also compared two groups regarding disease severity, no significant difference was found between two groups. In
group 1, there were 67 (46.9%) critical case, 40 (28.0%) severe case and 36 (25.2%) non-severe case, while in group 2,
there were 29 (50.9%), critical case, 17 (29.8%) severe case and 11 (19.3%) non-severe case (P 0.675).

Aging is considered an independent risk factor that is affecting the severity of disease and mortality rate among
COVID-19 patients; thus, we detected a significant increase in the mean ± SD of age in the critical group (67.17 ± 13.16)
when compared with severe (62.81 ± 12.82) and non-severe groups (60.79 ± 14.56) (P = 0.017) (Figure 1), with a highly
significant difference in the mean ± SD of age in the dead group (67.04 ± 13.30) when compared with the survived group
(60.81 ± 13.29) (P = 0.001).

Inflammatory markers and their relation to disease severity were also studied in our patients, and we found that the
median (IQR) of ferritin was higher in the critical group [419.5 (317–566)] when compared with severe [370 (228–521)]
and non-severe groups [315 (215–421)] (P = 0.001). Also, the median (IQR) of CRP was higher in the critical group
[78.5 (48.5–97)] when compared with severe [74 (48–89)] and non-severe groups [48 (38–78)] (P = 0.000). In the same
way, the median IQR of D-dimer was highly significant in the critical group [3750 (2522–5827)] when compared with
severe 3100 (1500–5031) and non-severe groups [2050 (780–3100)] (P = 0.000) Table 5.

Figure 1 Shows the difference between disease severity and Age.

Table 4 Relation Between Patients’ Outcome and Glycemic Finding

Glycemic Finding Recovery Death Test Value P-value

N = 84 N = 116

New- Preexisting DM Pre existing 63 (75.0%) 80 (69.0%) 0.871 0.351
New 21 (25.0%) 36 (31.0%)

RBG. Mean ± SD 324.45 ± 68.62 372.09 ± 108.80 12.497 0.001**
Range 195–600 175–600

HBA1c Mean ± SD 7.34 ± 1.09 7.43 ± 1.36 0.236 0.628
Range 5.1–9.2 2.9–9.9

Fasting Mean ± SD 215.11 ± 40.41 245.42 ± 56.88 17.466 0.000**
Range 130–360 140–391

Post prandial Mean ± SD 326.20 ± 64.81 366.99 ± 84.73 13.668 0.000**

Range 215–530 186–600

Notes:** highly significant.
Abbreviations: DM, diabetes mellitus; RBG, random blood glucose.
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Moreover, inflammatory markers were investigated to detect their relation to the patient’s outcome, which revealed
a highly significant increase in median (IQR) of Ferritin in the dead group [417.5 (316–573.5)] when compared with the
survived group [322.5 (218.5–506)] (P = 0.001). Figure 2, with the increase in the median (IQR) of CRP in the dead
group 78 (48–96) when compared with the survived group [56.5 (42.5–84.5)] (P = 0.002). Also, the median (IQR) of
D-dimer was higher in the dead group 3650 (2522–5810) when compared with the survived group [2307.5 (660–3674)]
(P = 0.000) Figure 3.

Tables 6 and 7 show multiple factors that affected the presence of new-onset diabetes mellitus among the hospitalized
patients with COVID-19 that included age, BMI, lymphocyte and inflammatory markers.

Kaplan–Meier survival analysis curve showed that the patients with pre-existing DM had no significantly shorter
survival time than patients with new-onset DM (P = 0.47) (Table 8, Figure 4).

Table 5 Relation Between Disease Severity and Inflammatory Markers

Inflammatory Markers Critical Non-Severe Severe Test Value P-value

N = 96 N = 47 N = 57

Ferritin Median (IQR) 419.5 (317–566) 315 (215–421) 370 (228–521) 14.618€ 0.001**
Range 105–2000 11.7–860 78–945

CRP Median (IQR) 78.5 (48.5–97) 48 (38–78) 74 (48–89) 18.654€ 0.000**
Range 12–213 8.8–105 15–143

D-dimer Median (IQR) 3750 (2522–
5827)

2050 (780–3100) 3100 (1500–
5031)

21.815€ 0.000**

Range 7.06–70,000 190–8031 120–15,300

Notes: **highly significant.
Abbreviation: CRP, C-reactive protein.

Figure 2 Shows the difference between Ferritin and patients’ outcome (Recovery - death) (P 0.001).
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Discussion
COVID-19 is a worldwide epidemic produced by SARS-CoV-2. It began in Wuhan, China, and swiftly expanded to over
180 countries. Older adults and individuals of any age with underlying medical conditions, such as diabetes, chronic
obstructive pulmonary disease (COPD) and hypertension, have shown poor prognosis. Recurrent hospitalization and
intensive care unit (ICU) admissions raise the risk of morbidity and mortality in diabetic patients.10

Our study showed that the frequency of newly diagnosed diabetes in COVID-19 individuals was 57 new cases
(28.5%). In China, a nationwide study reported a higher prevalence of diabetes among patients with severe COVID-19 as
compared to patients with non-severe disease (16.2% vs 5.7%).11 Yang et al also found that the prevalence of diabetes is

Figure 3 Shows the difference between D-dimer and patients’ outcome (Recovery - death) (P 0.000).

Table 6 Correlation Between Presence of Newly Diagnosed DM
and Different Clinical and Laboratory Parameters (n = 57)

FBS

R P-value

Age 0.568 0.000**

BMI 0.313 0.018*

Lymphocyte 0.306 0.021*

Ferritin 0.355 0.007**

CRP 0.355 0.007**

D-dimer 0.285 0.032*

Notes:*significant, **highly significant.
Abbreviations: CRP, C-reactive protein; FBS, fasting blood sugar; BMI, body mass
index.
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about 9% by a meta-analysis that included eight studies. The differences between these studies might be related to the
number of studies included, sample size, and characteristics of the included patients.12

In our study, a comparison between pre-existing and new-onset DM regarding disease severity revealed no significant
difference between the two groups. On the contrary, the study by Farag et al13 reported that in terms of COVID-19
severity, there was a significant difference between newly diagnosed and pre-existing DM groups. This discrepancy could
be due to sample size and inclusion criterion differences.

In terms of glycemic findings among the groups tested, we identified a significant difference between the two groups
in terms of RBG, FBS, and HBA1c. Online with our results, the study by Farag et al13 revealed that a highly significant
difference was found between the studied groups regarding HBA1c, FBS, and fasting insulin.

Regarding hospital stay among the studied groups, we detected a significant difference between the two groups in
terms of hospitalization (Day), Wang et al, 202014 reported that there was a positive correlation between the patient’s
outcomes and duration of hospital stay, 133 of the 344 patients died on the 28th day with a median survival of 25 days.
The median length of hospitalization for a negative test response was 12 days among survival.

We observed no significant difference between the two groups regarding Recovery-Death, the study by Singh and
Singh15 reported that in patients with COVID-19, either new-onset diabetes or new-onset hyperglycemia without diabetes
is associated with a poor prognosis when compared with persons with normal blood sugar and individuals with old
diabetes, another study by Fadini et al, 202016 reported that Patients with diabetes had greater comorbidity burden, the
primary outcome occurred in 37.4% of the patients with diabetes compared to 20.3% in those without (RR 1.85; 95%CI
1.33–2.57; p < 0.001), the association was stronger for newly diagnosed compared to pre-existing diabetes (RR 3.06 vs
1.55; p = 0.004). Higher glucose level at admission was associated with COVID-19 severity, with a stronger association

Table 7 Logistic Regression Analysis for Predictors of Presence of Newly
Diagnosed DM Among COVID-19 Patients (n = 57)

B Exp (B) 95% CI for Exp (B) P-value

Lower Upper

Age 0.349 0.234 0.120 0.578 0.004

BMI 2.448 0.318 1.164 3.731 0.000

Lymph 1.347 0.182 0.143 2.550 0.029

Ferritin 0.011 0.105 −0.006 0.028 0.035

CRP 0.004 0.293 0.002 0.006 0.000

D-dimer 0.115 0.107 −0.069 0.300 0.215

Abbreviations: CRP, C-reactive protein; BMI, body mass index; CI, confidence interval.

Table 8 Overall Survival Between Pre-Existing DM and New-Onset DM

Estimate Std.
Error

95% Confidence Interval Test Value P-value

Lower
Bound

Upper
Bound

Pre-existing
DM

16.546 1.734 13.147 19.944 0.507 0.477

New DM 16.511 1.883 12.821 20.201

Overall 16.244 1.313 13.67 18.818

Abbreviation: DM, diabetes mellitus.
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among patients without as compared to those with pre-existing diabetes; admission glucose was correlated with most
clinical severity indexes.

Limited studies found in literature reported the correlation between hospital stay and the outcome in pre existing and
new-onset diabetes in COVID-19 patients.

DM was found to be a predictor of an elevated risk of mortality in individuals with COVID-19, with a mortality rate of
40%, the study by Islam et al17 reported that DM was non-significantly associated with reduced outcomes but highly
significantly associated with increased mortality, another study by Bode et al18 found that patients with diabetes or
uncontrollable hyperglycemia who were hospitalized with COVID-19 had prolonged hospital stays and a higher risk of death.

In terms of age, our research found a significant difference between the dead and the survivors’ groups; our results were
supported by Islam et al,17 who found that older age was significantly associated with poor outcomes and higher mortality
rate in Logistic regression analysis of the risk factors associated with mortality and morbidity of COVID-19 patients.

Our findings also revealed a highly significant difference between the three groups (critical, severe, and non-severe)
regarding inflammatory markers (ferritin, CRP, and D-dimer); we also found higher inflammatory markers in the dead
group than in the survived group. These results were supported by the study of Guo et al, 2020,19 who revealed that
inflammatory markers, such as IL-6, CRP, serum ferritin, D-dimer, and coagulation index, were markedly greater in
patients with diabetes when compared to non-diabetic persons, implying that the diabetic patients are more liable to an
inflammatory storm that leads to deterioration of COVID-19 patients; our result supported by the study of Zhou et al,2

who reported a highly significant difference between two groups (Recovery and Death groups) as regard ferritin and
D-dimer. As well, Alguwaihes et al20 revealed that the prevalence of bilateral lung infiltrates, aspartate aminotransferase
(AST), mean D-dimer, ferritin, CRP, and lactate dehydrogenase (LDH) were all substantially greater in the severe than in
non-severe group when the patients were categorized regarding disease severity.

Figure 4 Kaplan–Meier survival analysis according to diabetes status, p-value obtained from Log Rank Mantel–Cox test.
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Conclusion
Finally, in Egypt, the prevalence of new-onset DM is high in hospitalized COVID-19 cases. COVID-19 new-onset DM
cases require significantly more hospitalization than pre-existing DM patients, and new-onset DM cases had no
significantly higher mortality rate and less recovery rate than pre-existing DM patients. COVID-19 disease was severe
in older individuals who had lower recovery and higher mortality. Inflammatory markers, such as serum ferritin, CRP,
and D-dimer were strongly linked to COVID-19 severity and clinical outcome, including recovery and mortality.

Further multi-center studies with a larger sample size are needed to study the correlation between diabetes duration
and COVID-19 severity and outcome.
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