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ABSTRACT
Objective: COVID-19 infection and the factors affecting 
it are major concerns worldwide. This retrospective 
study aimed to investigate clinical, laboratory and 
radiological characteristics associated with disease 
severity and hospitalization among older adults with 
type 2 diabetes mellitus (T2D) with COVID-19.
Materials and methods: A retrospective case series 
study was conducted to review the records of older 
adults with T2D infected with COVID-19. Sociodemo-
graphic, COVID-19-related data, laboratory tests at 
the time of COVID-19 diagnosis and CT findings were 
collected. Bivariate and multivariate regression analysis 
were done to determine the predictors of the studied 
outcome, either hospitalization or complete recovery.
Results: A total of 343 patients’ records were reviewed, 
with a mean age of 73.6 ± 6.4 years. Most of patients 
had fever and cough at the time of diagnosis and 
ground glass opacities was found on CT in 62.1% of 

patients. Hospitalized patients had higher duration 
of diabetes, suffered more from dyspnea, body aches 
and chest pain, had higher HbA1c, CRP and ferritin and 
lower lymphocytes and hemoglobin. Fasting plasma 
glucose and HbA1c positively affected the duration 
from onset of symptoms till resolution, while hemo-
globin level negatively affected it. Logistic regression 
analysis revealed that duration of diabetes, HbA1c, 
ferritin and dyspnea were significant predictors of 
hospitalization.
Conclusions: Among older adults with T2D infected 
with COVID-19, poor glycemic control is associated 
with higher risk of hospitalization and longer duration 
till recovery of symptoms. Longer duration of diabetes, 
high serum ferritin and the presence of dyspnea are 
associated with higher risk for hospitalization among 
these patients. (Clin Diabetol 2023; 12; 3: 179–185)

Keywords:  diabetes, COVID-19, older adults, 
hospitalization

Introduction
COVID-19 infection is caused by an RNA virus called 

severe acute respiratory syndrome coronavirus 2 which 
was first discovered in 2019 in China [1–3]. It spread 
so fast abroad, and The World Health Organization 
announced it as a pandemic in March 2020 [4].

Diabetes mellitus (DM) is a major health issue af-
fecting the entire world [5]. In 2019, the International 
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Diabetes Federation (IDF) declared Egypt as one of the 
ten countries with the highest number of patients with 
DM, with 9 million affected individuals [6].

DM is challenging in the era of COVID-19 pan-
demic. The prevalence of diabetes among ICU patients 
hospitalized for COVID-19 is 3 times higher, and the 
number of deaths is at least twice as high as in peo-
ple without DM [7]. Diabetes can affect the immune 
responses of patients through many mechanisms that 
can cause poor outcomes [8].

Old age may be a risk factor for bad prognosis of 
COVID-19 infection and the mortality rate rises with 
age [9, 10]. With the underlying comorbidities, older 
adults are more susceptible to COVID-19 and its com-
plications [11, 12].

The symptoms of COVID-19 infection vary from 
being asymptomatic to having severe illness and death 
[13]. High proportion of severely ill patients have one 
or more preexisting comorbidities such as hyperten-
sion, DM, obesity, dyslipidemia, and cardiovascular 
disease [14].

Diabetes shows higher prevalence among adults 
over 65 years compared to those under 65 years and 
it is expected that greater proportion of older adults 
with COVID-19 infection will also have DM [15]. The 
problems facing older adults with DM infected with 
COVID-19 reflect the interaction of the problems of 
DM, COVID-19, and problems of DM, COVID 19 and 
ageing [15].

Linking the state of glycemic control with COV-
ID-19 infection progression has been suggested. First, 
improper glycemic state causes disturbed cytokine 
response and inadequate immune response [16]. Also, 
increased accumulation of advanced glycation end 
products (AGEs) leads to loss of pulmonary capac-
ity [17]. Lastly, comorbidities such as cardiovascular 
diseases, overweight and hypertension are known risk 
factors for severe COVID-19 [18].    

When older adults with DM are infected with 
COVID-19, the management strategy of DM may need 
to be modified to face the probable outcomes. With no 
adverse effects on respiratory systems, insulin is advised 
to manage severely ill individuals with COVID-19 [19].

Identifying the risk factors of COVID-19 progres-
sion and early prediction of disease course are very 
important as they allow preventative measures in older 
adults with DM to decrease the occurrence of severe 
outcomes. 

Both DM and old age are expected to affect the 
outcome of COVID-19 infection and lead to hospitaliza-
tion. Depending on this hypothesis the current study 
aims to identify the clinical, laboratory and radiologi-

cal characteristics associated with disease severity and 
hospitalization among older adults with type 2 diabetes 
(T2D) infected with COVID-19. 

Methods
Study design and setting 

A retrospective case series study design was con-
ducted to review the electronic medical records of 
older adults with T2D who were examined at Alexan-
dria University Hospitals and were diagnosed to have 
COVID-19 infection requiring home isolation and were 
followed during the isolation. Using a random sample 
technique, all eligible records of older adults with T2D 
diagnosed with COVID-19 between September 2020 
and September 2021 were reviewed and included in 
the study (Fig. 1). Inclusion criteria included patients 
with T2D aged 65 years or more infected with COVID-19 
and requiring home isolation, while exclusion criteria 
included patients with DM younger than 65 years, 
having advanced renal, hepatic, or cardiac diseases or 
suffering from any type of malignancy in addition to 
patients with severe COVID-19 infection requiring im-
mediate hospitalization. The patients’ medical records 
were reviewed in detail by three experienced physicians 
(M. G. Abdrabo, A. M. Mohsen and A. Y. El Feky).

The T2D status was designated based on the 
patient’s medical history, based on the diagnostic 
criteria of the American diabetes association by 
meeting any one of the following: 1) Fasting plasma 
glucose level ≥ 126 mg/dL; 2) Plasma glucose level  
≥ 200 mg/dL after 2 hours of a 75-g oral glucose load in 
a glucose tolerance test; 3) Random plasma glucose level 
≥ 200 mg/dL in patients with classic symptoms of hyper-
glycemia; 4) Glycated hemoglobin (HbA1c) ≥ 6.5% [20].

Total number of cases
(n = 3122)

Diabetic patients
(n = 782)

Non-diabetic patients
(n = 2340)

Age ≥ 65 years

(n = 455)

Complete accurate
records (n = 343)

Included in
the study Excluded

Age < 65 years
(n = 327)

Incomplete
records/presence
of comorbidities

(n = 112)

Figure 1. Flow Chart of the Reviewed Records Included in 
the Study
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Data collection tool
The records of patients were reviewed using  

a checklist formed of two sections. The first section in-
cluded sociodemographic data (age, sex, and duration 
of diabetes). Second section included data regarding 
the COVID-19 infection such as presenting symptoms 
of COVID-19, time of onset, time to recovery, laboratory 
tests at time of COVID-19 diagnosis [fasting plasma 
glucose (FPG), determined by the glucose hexokinase 
method], HbA1c (determined by high-performance 
liquid chromatography using Tosoh automated G8 ana-
lyzer), complete blood count (CBC) results (analyzed by 
Sysmex XN-1000), C-reactive protein (CRP) (determined 
by Siemens BN ProSpec analyzer by nephelometry),  
D-dimer (analyzed by Sysmex CS 2100i using scattered 
light detection method), lactate dehydrogenase (LDH) 
(determined by Siemens Advia Chemistry Analyzer) 
and serum ferritin (analyzed by ADVIA Centaur using 
direct chemiluminescent immunoassay) and computed 
tomography (CT) scan findings. 

The outcome of infection was determined either 
complete recovery of infection or need of hospitaliza-
tion. Fifty-six studied patients (16.3%) were hospital-
ized and 287 patients (83.7%) had complete recovery 
from infection.

Ethical consideration
This study was approved by the Ethics Committee 

of Faculty of Medicine, Alexandria University, Egypt 
(IRB No.: 00012098). The study was performed in ac-
cordance with the international ethical guidelines of 
the Declaration of Helsinki. The privacy, anonymity and 
confidentiality of data were maintained.   

Statistical analysis
The collected data was wrangled, coded, and ana-

lyzed using the SPSS software (Armonk, NY: IBM Corp 
version 25.0). The quantitative variables were expressed 
using mean ± SD whereas categorical data were 
presented in number and percentage. A chi-square 
test was used to estimate the difference between the 
categorical variables; and the patients were catego-
rized based on the outcome of COVID-19 infection: 
recovery or hospitalization. Fisher exact probability was 
used in cases of invalid chi-square test. Independent 
sample t test was used to determine whether there 
are any statistically significant differences between the 
means of the studied groups. Univariate binary logistic 
regression model was conducted using ten variables: 
age, FPG, duration of diabetes, HbA1c, CRP, ferritin, 
lymphocytes, dyspnea body aches, and CT findings. The 
significant variables in the univariate logistic regression 
were entered into the multivariate logistic regression 

model to estimate the significant predictors affecting 
hospitalization. Odds ratios and 95% confidence inter-
vals (OR, 95% CI) were reported. Statistical significance 
was considered when p < 0.05. 

Results
A total of 343 electronic medical records of older 

adult patients with T2D were reviewed in this study. The 
mean age was 73.6 ± 6.4 years, 51.6% (n = 177) of pa-
tients were females, and their mean duration of diabe-
tes was 21.2 ± 8.0 years. Two hundred thirteen patients 
had other chronic illnesses other than DM: 85 patients 
were hypertensive, 23 patients had stable cardiovascu-
lar diseases, 19 patients had chronic renal impairment, 
43 patients had stable liver disease, 15 patients had 
chronic pulmonary disease and 28 patients had other 
chronic illnesses. Most common COVID-19 symptoms 
at time of diagnosis were fever (n = 287, 83.7%),  
cough (n = 220, 64.1%), diarrhea (n = 114, 33.2%), anos- 
mia (92, 26.8%) and dyspnea (n = 78, 22.2%).  
CT findings in the form of ground glass opacity (GGO) 
were found among 62.1% (n = 213) patients and the 
mean duration from onset to resolution of infection 
was 19.0 ± 7.02 days. Duration of DM was higher 
among hospitalized COVID-19 patients than recov-
ered patients (23.1 ± 7.3 years compared to 20.8 ±  
± 8.1 years), p = 0.05. Hospitalized COVID-19 patients 
suffered more from dyspnea (51.8% compared to 
16.4% of recovered), p < 0.001, body aches (33.9% 
vs. 15.0%), p = 0.001 and chest pain (7.1% vs. 0.0%), 
p = 0.001 (Tab. 1).

The laboratory data of the older adults with T2D are 
illustrated in Table 2. Hospitalized COVID-19 patients 
with T2D had higher HbA1c than recovered patients  
(8.5 ± 1.0% vs. 7.1 ± 1.7%), p < 0.001, higher CRP le- 
vel (60.1 ± 21.3 vs. 49.1 ± 27.4 mg/L), p = 0.001, lower 
hemoglobin (Hb) level (10.7 ± 1.6 g/dL vs. 11.3 ± 1.5 g/dL),  
p = 0.016, lower lymphocytes level (755.1 ±  
± 273.8 cells/µL vs. 1159.7 ± 817.2 cells/µL), p < 0.001 
and higher ferritin level (929.2 ± 218.9 vs. 421.7 ±  
± 236.6 ng/mL). No significant difference was found 
regarding FPG, white blood cells count (WBC), LDH 
and D-dimer (p = 0.056, p = 0.082, 0.068 and 0.074 
respectively).

In recovered non-hospitalized COVID-19 patients, 
the mean time till recovery was 17.2 ± 5.3 days. The 
duration from onset of symptoms till resolution was 
positively correlated with FPG (r = 0.204, p = 0.001) 
and HbA1c (r = 0.137, p= 0.02) and it was negatively 
correlated with Hb level (r = –0.162, p = 0.006) (Fig. 2).

Table 3 shows the univariate and multivariate 
logistic regression analysis of predictors affecting 
hospitalization of older adults with T2D who suf-
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Table 1. Demographic and Clinical Symptoms of the Older Adults with T2D

Total 

(n = 343)

Outcome 

resolution 

(n = 287)

Hospitalization 

(n = 56)

P#

Age [years]

Mean ± SD 73.6 ± 6.4 73.5 ± 6.3 74.1 ± 6.7 0.544

Sex

Male 166 (48.4%) 141 (49.1%) 25 (44.6%) 0.539

Female 177 (51.6%) 146 (50.9%) 31 (55.4%)

Duration of diabetes [years]

Mean ± SD 21.2 ± 8.0 20.8 ± 8.1 23.1 ± 7.3 0.05

Symptoms at diagnosis

Ageusia (loss of taste) 21 (6.1%) 17 (5.9%) 4 (7.1%) 0.760

Cough 220 (64.1%) 190 (66.2%) 30 (53.6%) 0.071

Fever 287 (83.7%) 244 (85.0%) 43 (76.8%) 0.127

Dyspnea 76 (22.2%) 47 (16.4%) 29 (51.8%) < 0.001*

Delirium 34 (9.9%) 25 (8.7%) 9 (16.1%) 0.092

Anosmia 92 (26.8%) 86 (30.0%) 6 (10.7%) 0.003*

Vomiting 19 (5.5%) 14 (4.9%) 5 (8.9%) 0.212

Body aches 62 (18.1%) 43 (15.0%) 19 (33.9%) 0.001*

Chest tightness 10 (2.9%) 10 (3.5%) 0 (0.0%) 0.377

Diarrhea 114 (33.2%) 108 (37.6%) 6 (10.7%) < 0.001*

Chest pain 4 (1.2%) 0 (0.0%) 4 (7.1%) 0.001*

Abdominal pain 12 (3.5%) 12 (4.2%) 0 (0%) 0.228

CT findings (GGO) 213 (62.1%) 161 (56.1%) 52 (92.9%) 0.001*

#Categorical variables were tested using chi-square and Fischer exact test, while continuous variables were tested using independent t-test; *Significant 
CT — computed tomography; GGO — ground glass opacities; SD — standard deviation; T2D — type 2 diabetes

Table 2. Comparison between Resolution and Hospitalization according to Laboratory Data

Total 

(n = 343)

Outcome p#

Resolution 

(n = 287)

Hospitalization 

(n = 56)

FPG [mg/dL]

Mean ± SD 183.5 ± 50.9 181.9 ± 51.2 191.6 ± 48.7 0.056

HbA1c [%]

Mean ± SD 7.3 ± 1.6 7.1 ± 1.7 8.5 ± 1.0 <0.001

CRP [mg/L]

Mean ± SD 50.9 ± 26.8 49.1 ± 27.4 60.1 ± 21.3 0.001

Hb [g/dL]

Mean ± SD 11.2 ± 1.5 11.3 ± 1.5 10.7 ± 1.6 0.016

WBC [cells/µL]  

Mean ± SD 9869.5 ± 10308.5 9971.7 ± 11179.3 9345.9 ± 3250.7 0.082

Lymphocytes [cells/µL]   

Mean ± SD 1093.7 ± 770.1 1159.7 ± 817.2 755.1 ± 273.8 < 0.001*

Ferritin [ng/mL]

Mean ± SD 504.6 ± 299.7 421.7 ± 236.6 929.2 ± 218.9 < 0.001

#Independent t-test was used to test significance 
CRP — C-reactive protein; FPG — fasting plasma glucose; Hb — hemoglobin; HbA1c — glycated hemoglobin; WBC — white blood cells
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fered from COVID-19. Eight significant predictors in 
univariate analysis were duration of diabetes (OR = 
1.04, 95% CI: 1.0–1.08, p = 0.05), HbA1c (OR = 1.64, 
95% CI: 1.37–1.97, p < 0.001), CRP (OR = 1.02, 95% 
CI: 1.004–1.03, p = 0.006), ferritin (OR = 1.008, 95% 
CI: 1.006–1.01, p < 0.001), lymphocytes (OR = 0.999, 
95% CI: 0.998–0.999, p < 0.001), dyspnea (OR = 5.49, 
95% CI: 2.98–10.097, p < 0.001), body aches (OR = 
2.91, 95% CI: 1.54–5.33, p = 0.001) and CT findings 
(OR = 10.17, 95% CI: 3.58–28.88, p < 0.001). These 
eight significant variables (duration of diabetes, HbA1c, 
CRP, ferritin, lymphocytes, dyspnea, body aches, and 
CT findings) were included in the multivariate logistic 
regression model, but only four significant predictors 

were detected: duration of diabetes (OR = 1.14, 95% 
CI: 1.03–1.25, p = 0.009), HbA1c (OR = 3.70, 95% CI: 
2.12–6.48, p < 0.001), ferritin (OR = 1.011, 95% CI: 
1.008–1.015, p < 0.001) and dyspnea (OR = 6.52, 95% 
CI: 1.81–22.33, p = 0.004).

Discussion
In this study we attempted to assess the risk fac-

tors associated with hospitalization among older adults 
with T2D suffered from COVID-19 infection. Older adult 
patients, especially with DM, are at high risk of COVID-
-19-related adverse outcomes and mortality which may be 
linked to the comorbidities and diseases that accumulate 
with age and diabetes-related chronic inflammation [21].

Figure 2. Scatterplot between Duration from Onset to Resolution with FPG (blue); HbA1c (red); hemoglobin (green)

Table 3. Univariate and Multivariate Logistic Regression Analysis for the Different Parameters Affecting Hospitalization

Independent variables Univariate 95% CI for OR Multivariate# 95% CI for OR

Sig. OR Lower Upper Sig. OR Lower Upper

Age [years] 0.543 1.014 0.970 1.060

FPG [mg/dL] 0.197 1.004 0.998 1.009

Duration of diabetes [Years] 0.05* 1.038 1.000 1.078 0.009* 1.137 1.033 1.252

HbA1c [%] < 0.001* 1.642 1.370 1.969 < 0.001* 3.703 2.117 6.476

CRP [mg/dL] 0.006* 1.015 1.004 1.026 0.078 0.961 0.919 1.005

Ferritin [ng/mL] < 0.001* 1.008 1.006 1.010 < 0.001* 1.011 1.008 1.015

Lymphocytes [cells/µL] < 0.001* 0.999 0.998 0.999 0.275 0.999 0.998 1.001

DyspneaA < 0.001* 5.485 2.979 10.097 0.004* 6.252 1.807 22.333

Body achesA 0.001* 2.914 1.535 5.333 0.061 4.305 0.937 19.788

CT Findings (GGO)A < 0.001* 10.174 3.584 28.881 0.595 2.058 0.144 29.345

#Significant variables in univariate analysis were included in the multivariate logistic analysis; Aref; No; Variables adjusted in multivariable analysis were  
the significant variables in univariate analysis: duration of diabetes, HbA1c, CRP, ferritin, lymphocytes, dyspnea, body aches and CT findings
CI — confidence interval; CRP — C-reactive protein; CT — computed tomography; FPG — fasting plasma glucose; GGO — ground glass opacities;  
HbA1c — glycated hemoglobin; OR — odds ratio

Days from onset of symptoms till resolution FPG
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The results of the current study showed that 16.3% 
of the studied cases needed hospitalization. Hospital-
ized patients showed significantly higher levels of 
HbA1C, serum ferritin, CRP and the higher incidence 
of GGO on CT scan compared to non-hospitalized 
divisions. Also, hospitalized patients had lower levels 
of lymphocytes and hemoglobin compared to non-
hospitalized patients.

The results demonstrated that poor glycemic 
control is an independent risk factor for hospitaliza-
tion. Some previous studies demonstrated the rela-
tion between poor glycemic control and severity of 
COVID-19 outcomes. One study showed that among 
patients with DM, adjusted for age, sex, and diabetes 
duration and type, those with worse glycemic control 
were more likely to developed fatal or critical care unit-
treated COVID-19 [22]. A meta-analysis by Prattichizzo 
et al. [23] reported that HbA1c was linearly associated 
with an increased COVID-19 mortality or worsening. 
Another multicenter cohort study showed that among 
patients with type 2 DM and COVID-19, the risk of 
hospitalization increased with incrementally higher 
HbA1c levels [24].

This may be related to number of risk factors that 
are associated with DM, including obesity, increased 
inflammatory markers, hypercoagulable state and 
complications of DM such as cardiovascular disease 
and renal impairment [25].

Longer duration of DM prior to COVID-19 infection 
was found to be an independent risk factor for hos-
pitalization. This finding may be explained by higher 
probability of DM complications accompanying longer 
duration of DM.

Despite the fact that many studies reported that 
increased age is considered a risk factor for poor 
COVID-19 outcomes [9–11], our study did not show 
any significant age difference between hospitalized and 
non-hospitalized patients, which may be explained by 
the fact that all the included patients in our study were 
older adults whose ages were 65 years or higher and 
there was no significant variability in the age to allow 
comparison between different age groups.

Increased inflammatory response is a main feature 
of COVID-19 especially in those who develop severe 
illness. Studies demonstrated that multiple immune 
cells and inflammatory mediators are involved in the 
disease process [26, 27]. In the current study, univariate 
regression analysis showed higher CRP and ferritin lev-
els were associated with higher risk for hospitalization. 
However, in multivariate logistic regression analysis 
only serum ferritin was associated with higher risk for 
hospitalization.

CRP is an acute phase inflammatory protein pro-
duced by the liver that may be elevated in several condi-
tions, such as inflammation, cardiovascular disease, and 
infection [28]. Ferritin is described as an acute phase 
reactant, as well as a mediator in severe COVID-19 
infection and it can be considered as an active partici-
pant in the “cytokine storm” that characterizes severe 
COVID-19 infection [29, 30].

A previous meta-analysis including 13 studies re-
ported that an elevated CRP was associated with severe 
COVID-19 infection and the need for ICU admission and 
that higher serum ferritin levels were independently 
associated with ARDS, severe COVID-19 infection and 
mortality [31]. Similar to our study, a previous study 
reported that ferritin levels tend to increase with dis-
ease severity [32]. Another study by Devang et al. [33] 
reported that ferritin can predict mortality in severe 
COVID-19 patients.

Our results showed that hospitalized patients had 
lower hemoglobin levels and lymphocytic counts com-
pared to non-hospitalized patients. Univariate regres-
sion analysis showed that lower lymphocytic count was 
associated with higher risk for hospitalization. However, 
no association was reported in multivariate analysis. 
Moreover, lower hemoglobin levels were correlated 
with longer duration till recovery in non-hospitalized 
patients.

A previous study showed that anemia and in-
creased neutrophil-to-lymphocyte ratio at the time 
of hospital admission could be predictors for severe 
COVID-19 infection requiring ICU admission [34]. An-
other study using data derived from Korean nationwide 
longitudinal cohort reported that lymphopenia and its 
severity levels may serve as reliable predictive factors for 
COVID-19 clinical outcomes including mortality, need 
for intensive care, and oxygen requirements and that 
lymphopenia at the initial presentation of COVID-19 
infection is associated with poor prognosis [35].

Interestingly, our results showed that the clinical 
picture of the patients at the time of diagnosis may pre-
dict the risk of hospitalization. In our study, hospitalized 
patients complained more from dyspnea, bone aches 
and chest pain compared to non-hospitalized patients 
and the presence of dyspnea at diagnosis was found 
to be a risk factor for hospitalization. On the other 
hand, non-hospitalized patients had higher incidence 
of anosmia and diarrhea.

Limitations
Our study has some limitations. First, the study 

was a single-center, retrospective, and observational 
study. Second, obesity has been demonstrated to play 
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a significant influence on COVID-19 outcomes. How-
ever, weight data were not available for all patients. 
Third, due to the retrospective study design, not all 
the laboratory tests were done to all patients, includ-
ing those for insulin, C-peptide and IL-6. Therefore, 
their roles in predicting disease progression might be 
underestimated. 

Conclusions
COVID-19 infection represents a great challenge 

in older adults with T2D. Poor glycemic control, as-
sessed by HbA1c levels, is associated with higher risk 
of hospitalization and longer duration till recovery of 
symptoms. Moreover, longer duration of diabetes, 
high serum ferritin and the presence of dyspnea are 
associated with higher risk of hospitalization among 
these patients.

Acknowledgement
This work was supported by Internal Medicine and 

Tropical Medicine and Infectious Diseases Departments, 
Faculty of Medicine, Alexandria University, Egypt.

Funding
The authors received no financial support for the 

research, authorship, and/or publication of this article.

Conflict of interest
None declared.

REFERENCES
1. Wang C, Horby PW, Hayden FG, et al. A novel coronavirus 

outbreak of global health concern. Lancet. 2020; 395(10223): 
470–473, doi:  10.1016/S0140-6736(20)30185-9, indexed in 
Pubmed: 31986257.

2. Guan WJ, Ni ZY, Hu Yu, et al. China Medical Treatment Expert 
Group for Covid-19. Clinical Characteristics of Coronavirus Dis-
ease 2019 in China. N Engl J Med. 2020; 382(18): 1708–1720, 
doi: 10.1056/NEJMoa2002032, indexed in Pubmed: 32109013.

3. Huang C, Wang Y, Li X, et al. Clinical features of patients infected 
with 2019 novel coronavirus in Wuhan, China. Lancet. 2020; 
395(10223): 497–506, doi:  10.1016/S0140-6736(20)30183-5, 
indexed in Pubmed: 31986264.

4. Ghebreyesus TA. WHO Director-General’s opening remarks at the 
media briefing on COVID-19 – 2020.

5. Magliano DJ, Islam RM, Barr ELM, et al. Trends in incidence of total 
or type 2 diabetes: systematic review. BMJ. 2019; 366(4): l5003–
–211, doi: 10.1136/bmj.l5003, indexed in Pubmed: 31511236.

6. International Diabetes Federation. IDF Diabetes Atlas, 9th ed. 
International Diabetes Federation, Brussels 2019.

7. Scheen AJ, Marre M, Thivolet C. Prognostic factors in patients 
with diabetes hospitalized for COVID-19: Findings from the CORO-
NADO study and other recent reports. Diabetes Metab. 2020; 
46(4): 265–271, doi: 10.1016/j.diabet.2020.05.008, indexed in 
Pubmed: 32447101.

8. Muniyappa R, Gubbi S. COVID-19 pandemic, coronaviruses, 
and diabetes mellitus. Am J Physiol Endocrinol Metab. 2020; 
318(5): E736–E741, doi: 10.1152/ajpendo.00124.2020, indexed 
in Pubmed: 32228322.

9. Zhou F, Yu T, Du R, et al. Clinical course and risk factors 
for mortality of adult inpatients with COVID-19 in Wuhan, 
China: a retrospective cohort study. Lancet. 2020; 395(10229): 
1054–1062, doi: 10.1016/S0140-6736(20)30566-3, indexed in 
Pubmed: 32171076.

10. Gandhi RT, Lynch JB, Del Rio C. Mild or Moderate Covid-19. N Engl 
J Med. 2020; 383(18): 1757–1766, doi: 10.1056/NEJMcp2009249, 
indexed in Pubmed: 32329974.

11. Nogueira PJ, de Araújo Nobre M, Costa A, et al. The Role of 
Health Preconditions on COVID-19 Deaths in Portugal: Evidence 
from Surveillance Data of the First 20293 Infection Cases. J Clin 
Med. 2020; 9(8): 2368, doi: 10.3390/jcm9082368, indexed in 
Pubmed: 32722159.

12. Sung HoK, Kim JY, Heo J, et al. Korea National Committee for Clini-
cal Management of COVID-19. Clinical Course and Outcomes of 
3,060 Patients with Coronavirus Disease 2019 in Korea, January-
May 2020. J Korean Med Sci. 2020; 35(30): e280, doi: 10.3346/
jkms.2020.35.e280, indexed in Pubmed: 32743995.

13. Bode B, Garrett V, Messler J, et al. Glycemic Characteristics 
and Clinical Outcomes of COVID-19 Patients Hospitalized 
in the United States. J Diabetes Sci Technol. 2020; 14(4): 
813–821, doi:  10.1177/1932296820924469, indexed in Pub-
med: 32389027.

14. Fox C, Kilvert A. Triple jeopardy: old age, frailty and diabetes 
in COVID‐19. Practical Diabetes. 2021; 38(1): 25–30, doi: 10.1002/
pdi.2317.

15. Rajpal A, Sayyed Kassem L, Aron DC. Management of diabetes 
in elderly patients during the COVID-19 pandemic: current and 
future perspectives. Expert Rev Endocrinol Metab. 2021; 16(4): 
181–189, doi:  10.1080/17446651.2021.1927708, indexed in 
Pubmed: 34096441.

16. Ferlita S, Yegiazaryan A, Noori N, et al. Type 2 Diabetes Mel-
litus and Altered Immune System Leading to Susceptibility to 
Pathogens, Especially Mycobacterium tuberculosis. J Clin Med. 
2019; 8(12): 2219, doi: 10.3390/jcm8122219, indexed in Pub-
med: 31888124.

17. Ardigo D, Valtuena S, Zavaroni I, et al. Pulmonary compli-
cations in diabetes mellitus: the role of glycemic control. 
Curr Drug Targets Inflamm Allergy. 2004; 3(4): 455–458, 
doi:  10.2174/1568010042634488, indexed in Pubmed:   
15584894.

18. Holman N, Knighton P, Kar P, et al. Risk factors for COVID-19-relat-
ed mortality in people with type 1 and type 2 diabetes in England: 
a population-based cohort study. Lancet Diabetes Endocrinol. 
2020; 8(10): 823–833, doi: 10.1016/S2213-8587(20)30271-0, 
indexed in Pubmed: 32798471.

19. Bouhanick B, Cracowski JL, Faillie JL, et al. groupe de travail, 
French Society of Pharmacology, Therapeutics (SFPT). Diabetes 
and COVID-19. Therapie. 2020; 75(4): 327–333, doi: 10.1016/j.
therap.2020.05.006, indexed in Pubmed: 32425249.

20. American Diabetes Association. 2. Classification and Diagnosis of 
Diabetes: Standards of Medical Care in Diabetes—2020 . Diabe-
tes Care. 2020; 43(Suppl 1): S14–S31, doi: 10.2337/dc20-S002, 
indexed in Pubmed: 31862745.

21. Rajpal A, Sayyed Kassem L, Aron DC. Management of diabetes 
in elderly patients during the COVID-19 pandemic: current and 
future perspectives. Expert Rev Endocrinol Metab. 2021; 16(4): 
181–189, doi:  10.1080/17446651.2021.1927708, indexed in 
Pubmed: 34096441.

22. McGurnaghan SJ, Weir A, Bishop J, et al. Public Health Scotland 
COVID-19 Health Protection Study Group, Scottish Diabetes Re-
search Network Epidemiology Group. Risks of and risk factors for 
COVID-19 disease in people with diabetes: a cohort study of the 
total population of Scotland. Lancet Diabetes Endocrinol. 2021; 
9(2): 82–93, doi: 10.1016/S2213-8587(20)30405-8, indexed in 
Pubmed: 33357491.

23. Prattichizzo F, de Candia P, Nicolucci A, et al. Elevated HbA1c 
levels in pre-Covid-19 infection increases the risk of mortality: 
A sistematic review and meta-analysis. Diabetes Metab Res 

http://dx.doi.org/10.1016/S0140-6736(20)30185-9
https://www.ncbi.nlm.nih.gov/pubmed/31986257
http://dx.doi.org/10.1056/NEJMoa2002032
https://www.ncbi.nlm.nih.gov/pubmed/32109013
http://dx.doi.org/10.1016/S0140-6736(20)30183-5
https://www.ncbi.nlm.nih.gov/pubmed/31986264
http://dx.doi.org/10.1136/bmj.l5003
https://www.ncbi.nlm.nih.gov/pubmed/31511236
http://dx.doi.org/10.1016/j.diabet.2020.05.008
https://www.ncbi.nlm.nih.gov/pubmed/32447101
http://dx.doi.org/10.1152/ajpendo.00124.2020
https://www.ncbi.nlm.nih.gov/pubmed/32228322
http://dx.doi.org/10.1016/S0140-6736(20)30566-3
https://www.ncbi.nlm.nih.gov/pubmed/32171076
http://dx.doi.org/10.1056/NEJMcp2009249
https://www.ncbi.nlm.nih.gov/pubmed/32329974
http://dx.doi.org/10.3390/jcm9082368
https://www.ncbi.nlm.nih.gov/pubmed/32722159
http://dx.doi.org/10.3346/jkms.2020.35.e280
http://dx.doi.org/10.3346/jkms.2020.35.e280
https://www.ncbi.nlm.nih.gov/pubmed/32743995
http://dx.doi.org/10.1177/1932296820924469
https://www.ncbi.nlm.nih.gov/pubmed/32389027
http://dx.doi.org/10.1002/pdi.2317
http://dx.doi.org/10.1002/pdi.2317
http://dx.doi.org/10.1080/17446651.2021.1927708
https://www.ncbi.nlm.nih.gov/pubmed/34096441
http://dx.doi.org/10.3390/jcm8122219
https://www.ncbi.nlm.nih.gov/pubmed/31888124
http://dx.doi.org/10.2174/1568010042634488
https://www.ncbi.nlm.nih.gov/pubmed/15584894
http://dx.doi.org/10.1016/S2213-8587(20)30271-0
https://www.ncbi.nlm.nih.gov/pubmed/32798471
http://dx.doi.org/10.1016/j.therap.2020.05.006
http://dx.doi.org/10.1016/j.therap.2020.05.006
https://www.ncbi.nlm.nih.gov/pubmed/32425249
http://dx.doi.org/10.2337/dc20-S002
https://www.ncbi.nlm.nih.gov/pubmed/31862745
http://dx.doi.org/10.1080/17446651.2021.1927708
https://www.ncbi.nlm.nih.gov/pubmed/34096441
http://dx.doi.org/10.1016/S2213-8587(20)30405-8
https://www.ncbi.nlm.nih.gov/pubmed/33357491


Clinical Diabetology 2023, Vol. 12, No 3

8

Rev. 2022; 38(1): e3476, doi:  10.1002/dmrr.3476, indexed in 
Pubmed: 34018307.

24. Wong R, Hall M, Vaddavalli R, et al. N3C Consortium. Glycemic 
Control and Clinical Outcomes in U.S. Patients With COVID-19: 
Data From the National COVID Cohort Collaborative (N3C) Da-
tabase. Diabetes Care. 2022 [Epub ahead of print]; 45(5): 1099– 
–1106, doi: 10.2337/dc21-2186, indexed in Pubmed: 35202458.

25. Apicella M, Campopiano MC, Mantuano M, et al. COVID-19 
in people with diabetes: understanding the reasons for 
worse outcomes. Lancet Diabetes Endocrinol. 2020; 8(9): 
782–792, doi:  10.1016/S2213-8587(20)30238-2, indexed in 
Pubmed: 32687793.

26. Tan M, Liu Y, Zhou R, et al. Immunopathological characteristics of 
coronavirus disease 2019 cases in Guangzhou, China. Immunol-
ogy. 2020; 160(3): 261–268, doi: 10.1111/imm.13223, indexed 
in Pubmed: 32460357.

27. Qin C, Zhou L, Hu Z, et al. Dysregulation of Immune Response 
in Patients With Coronavirus 2019 (COVID-19) in Wuhan, China. 
Clin Infect Dis. 2020; 71(15): 762–768, doi: 10.1093/cid/ciaa248, 
indexed in Pubmed: 32161940.

28. Sproston NR, Ashworth JJ. Role of C-Reactive Protein at Sites 
of Inflammation and Infection. Front Immunol. 2018; 9: 754, 
doi: 10.3389/fimmu.2018.00754, indexed in Pubmed: 29706967.

29. Kappert K, Jahić A, Tauber R. Assessment of serum ferritin as  
a biomarker in COVID-19: bystander or participant? Insights by 
comparison with other infectious and non-infectious diseases. 
Biomarkers. 2020; 25(8): 616–625, doi: 10.1080/1354750X.202
0.1797880, indexed in Pubmed: 32700561.

30. Carubbi F, Salvati L, Alunno A, et al. Ferritin is associated with 
the severity of lung involvement but not with worse prognosis in 
patients with COVID-19: data from two Italian COVID-19 units. 
Sci Rep. 2021; 11(1): 4863, doi: 10.1038/s41598-021-83831-8, 
indexed in Pubmed: 33649408.

31. Huang I, Pranata R, Lim MA, et al. C-reactive protein, pro-
calcitonin, D-dimer, and ferritin in severe coronavirus dis-
ease-2019: a meta-analysis. Ther Adv Respir Dis. 2020; 14: 
1753466620937175, doi: 10.1177/1753466620937175, indexed 
in Pubmed: 32615866.

32. Bozkurt FT, Tercan M, Patmano G, et al. Can Ferritin Levels Pre-
dict the Severity of Illness in Patients With COVID-19? Cureus. 
2021; 13(1): e12832, doi:  10.7759/cureus.12832, indexed in 
Pubmed: 33633875.

33. Devang N, Sreelatha S, V. MB. Assessment of inflammatory 
markers and their association with disease mortality in severe 
COVID-19 patients of tertiary care hospital in South India. The 
Egyptian Journal of Bronchology. 2022; 16(1): 55, doi: 10.1186/
s43168-022-00159-1.

34. Hashem M, Khedr E, Daef E, et al. Prognostic biomarkers in 
COVID-19 infection: value of anemia, neutrophil-to-lymphocyte 
ratio, platelet-to-lymphocyte ratio, and D-dimer. The Egyptian 
Journal of Bronchology. 2021; 15(1): 1–9, doi: 10.1186/s43168-
021-00075-w.

35. Lee J, Park SS, Kim TY, et al. Lymphopenia as a Biological Predictor 
of Outcomes in COVID-19 Patients: A Nationwide Cohort Study. 
Cancers (Basel). 2021; 13(3), doi:  10.3390/cancers13030471, 
indexed in Pubmed: 33530509.

http://dx.doi.org/10.1002/dmrr.3476
https://www.ncbi.nlm.nih.gov/pubmed/34018307
http://dx.doi.org/10.2337/dc21-2186
https://www.ncbi.nlm.nih.gov/pubmed/35202458
http://dx.doi.org/10.1016/S2213-8587(20)30238-2
https://www.ncbi.nlm.nih.gov/pubmed/32687793
http://dx.doi.org/10.1111/imm.13223
https://www.ncbi.nlm.nih.gov/pubmed/32460357
http://dx.doi.org/10.1093/cid/ciaa248
https://www.ncbi.nlm.nih.gov/pubmed/32161940
http://dx.doi.org/10.3389/fimmu.2018.00754
https://www.ncbi.nlm.nih.gov/pubmed/29706967
http://dx.doi.org/10.1080/1354750X.2020.1797880
http://dx.doi.org/10.1080/1354750X.2020.1797880
https://www.ncbi.nlm.nih.gov/pubmed/32700561
http://dx.doi.org/10.1038/s41598-021-83831-8
https://www.ncbi.nlm.nih.gov/pubmed/33649408
http://dx.doi.org/10.1177/1753466620937175
https://www.ncbi.nlm.nih.gov/pubmed/32615866
http://dx.doi.org/10.7759/cureus.12832
https://www.ncbi.nlm.nih.gov/pubmed/33633875
http://dx.doi.org/10.1186/s43168-022-00159-1
http://dx.doi.org/10.1186/s43168-022-00159-1
http://dx.doi.org/10.1186/s43168-021-00075-w
http://dx.doi.org/10.1186/s43168-021-00075-w
http://dx.doi.org/10.3390/cancers13030471
https://www.ncbi.nlm.nih.gov/pubmed/33530509

	_Hlk134387978
	_Hlk134388077

