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INTRODUCTION

In December 2019, a sequence of  pneumonia cases of  
unknown cause was reported in Wuhan, Hubei, China. 
Later on, the novel coronavirus was isolated from 
respiratory tract samples named as severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2). The new virus 
swiftly unfolds globally ensuing in a pandemic by the WHO 
on March 11, 2020.1

The disease due to SARS-CoV-2 is referred as coronavirus 
disease 2019 (COVID-19) tiers from moderate acute 
respiratory illness to extreme pneumonia with respiratory 
failure, acute respiratory distress syndrome, and septic 
shock.2 As per the WHO, the COVID-19 virus infects 
people of  all ages. Older adults and those with underlying 

medical comorbidities, such as hypertension, diabetes, 
chronic lung disease, cardiovascular disease, chronic 
kidney disease, and cancer are at higher risk of  severity 
of  illness.3,4

Diabetes is a metabolic disorder characterized by 
hyperglycemia from defects in insulin secretion, insulin 
action, or both.5 People with type  2 diabetes mellitus 
develop characteristic microvascular and macrovascular 
complications such as retinopathy, nephropathy, and 
neuropathy. Complications due to diabetes are a major 
cause of  disability which reduces quality of  life and leads 
to death. Compared to non-diabetic, diabetics have an 
immunocomprised status, which tends to reduce their 
resistance and make them more vulnerable to corona like 
infections as well as consequent complications.6
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The prevalence of  diabetes in patients with COVID-19 
depends on  duration  and characteristics of  study 
population. In a multicenter study with 1099  patients 
hospitalized with COVID-19 illness in China, the overall 
prevalence of  diabetes was 7.4%.7 In a meta-analysis of  
seven studies including 1576 patients from China, diabetes 
was the second most common comorbidity following 
hypertension and was present in 9.7% of  patients.8 In 
another meta-analysis of  21 studies mainly from China, 
hypertension and diabetes were  the foremost  prevalent 
comorbidities present in 15.6% and 7.7%, respectively, 
among 47,344 patients with COVID-19.9

Studies suggest that the low-grade chronic inflammation 
along with the hypercoagulable state in diabetes may 
promote the cytokine storm, a complication of  severe 
COVID-19 which is characterized by excessive production 
of  inflammatory cytokines (IL-6, IL-10, and TNF-α).10 

Ferritin is a key mediator of  immune dysregulation through 
direct immunosuppression contributing to cytokine storm 
resulting in fatal outcome in COVID-19.11 Diabetic exhibits 
elevated serum ferritin level when compared to non-
diabetic counterpart indicates impact of  its association 
with infection and disease progression.12

Approximately 5.1 million people aged between 20 and 
79 years died from diabetes accounting for 8.4% of  global 
all-cause mortality in this age group.13 In India, 65.1 million in 
the age group of  20–79 have diabetes (8.56%) and expected 
to rise to 109 million by the year 2035.14 Diabetes is associated 
with increased mortality rate in patients with COVID-19 and 
is considered as a major risk factor for COVID-19 infection. 
As per the study done by American Diabetic Association 
among the people with diabetes COVID-19, the mortality 
rate was 7.3%. Two other conditions that are common in 
those with diabetes were also associated with higher mortality 
rates: 10.5% for cardiovascular disease and 6.0% for 
hypertension. Diabetics experience higher rates of  mortality 
and are less likely to be discharged when compared with non-
diabetic patients.15 Because mortality rates were not stratified 
by age, it is not clear how much of  the excess risk in people 
with these conditions was independently related to age. The 
symptoms of  COVID-19, including fever, shortness of  
breath, and cough, were mostly reported in diabetic patients 
than in non-diabetic patients, while chest pain, sore throat, 
and decreased sense of  smell and taste were more common 
in non-diabetic COVID-19 patients. In a study conducted 
in China, fever, dry cough, and fatigue were the most 
common symptoms in diabetic COVID-19 patients16 and 
another study showed cough and fever as the most common 
symptoms in these patients.17

To the best of  our knowledge, there is a paucity of  literature, 
especially from India showing direct evidence of  relation 

between diabetes mellitus and ferritin in COVID-19. This 
study is the first of  its kind in South Indian population with 
large sample size. This research was designed to enlighten 
this path and to compare serum ferritin in diabetic (cases) 
and non-diabetic (controls) COVID-19 patients and the 
association of  elevated serum ferritin level with diabetic 
profile (glycated hemoglobin, FBS, PPBS, and RBS) in 
type 2 diabetes mellitus.

Aims and objectives
The aims of  the study were as follows:
1.	 To estimate and correlate serum ferritin in diabetic 

(cases) and non-diabetic (controls) COVID-19 patients
2.	 To correlate the diabetic profile (FBS, PPBS, RBS, 

and HbA1C) with ferritin in diabetic (cases) and non-
diabetic (controls) COVID-19 patients.

MATERIALS AND METHODS

Study design
The study was pre-approved by the Institutional Ethics 
Committee for the final permission. This case–control 
retrospective study was conducted at Rajarajeswari Medical 
College and Hospital, Bengaluru, for a period of  8 months 
(May 2020–December 2020). Type 2 diabetes mellitus and 
non-diabetic patients, irrespective of  the gender, in the age 
group of  18–75 years, admitted at Rajarajeswari Medical 
College and Hospital, diagnosed as COVID-19 positive 
following COVID-19 RT-PCR test was enrolled as cases 
and controls, respectively.

Inclusion criteria
Type 2 diabetes mellitus patients, irrespective of  diabetic 
control, who tested positive for COVID-19, with or 
without diabetic complications and with or without 
antidiabetic treatment, were the study cases.

Exclusion criteria
(1) Type 1 diabetes mellitus and (2) both cases and controls 
with a history of  diseases which alter the serum ferritin 
levels such as hemochromatosis, chronic alcoholics, chronic 
inflammatory conditions like SLE/rheumatoid arthritis, 
hepatitis, history of  repeated blood transfusions, iron 
deficiency anemia, hypothyroidism, and chronic kidney 
disease were excluded from the study.

Sample collection and processing
After obtaining informed consent from study subjects, 
under all aseptic precautions, 2  ml of  venous blood 
sample was collected in fluoride EDTA tube in fasting 
and postprandial state and 5  ml in red capped and 
Lavender capped collection tubes for sr. ferritin and 
for HbA1c estimation, respectively. Estimation of  FBS, 
PPBS, RBS, HbA1c, and serum ferritin was carried out. 
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FBS, PPBS, and RBS were estimated by GOD-POD 
enzymatic method in fully automated Beckman Coulter 
Autoanalyzer. HbA1c was tested by BIORAD D10 system 
which is based on the principle of  high-performance 
liquid chromatography. Serum ferritin was assayed by 
electrochemiluminescence method. Diabetic patients 
tested for HbA1C were arranged into five groups, as 
listed in Table  1. Reference range of  FBS, PPBS, and 
RBS was 70–100 mg/dl, <140 mg/dl, and 70–140 mg/
dl, respectively. Reference range of  HbA1c was 5–6.5%, 
and serum ferritin 24–336  ng/ml in adult males and 
11–306 ng/ml in adult females were considered.

Statistical analysis
Data were entered into MS Excel sheet and analyzed 
using SPSS version 20.0. The descriptive statistics, that 
is, all qualitative variables were presented as frequency 
and percentages. All quantitative variables used to 
correlate the serum ferritin levels between diabetic 
and non-diabetic groups were presented as mean and 
standard deviation test. Pearson’s correlation test was 
applied to check the correlation between serum ferritin 
with parameters such as FBS, PPBS, and RBS among 
both groups. p <0.05 was considered to be statistically 
significant. Pearson’s r varies between +1 and –1, where 
+1 is a perfect positive correlation and –1 is a perfect 
negative correlation. Zero means that there is no linear 
correlation at all.

RESULTS

A total of  957 subjects were enrolled for the study 
consisting of  425 cases and 532 controls.

Table 1: Correlation between serum ferritin and different HbA1c ranges among diabetic COVID‑19 cases 
(n=425)
HbA1C % range n (%) Mean±SD HbA1C% Serum ferritin (ng/mL) Pearson’s correlation r value P‑value
5–5.9 6 (1.4) 5.76±0.19 371±398.66 ‑0.41 0.19
6–7.5 214 (50.4) 6.72±0.44 497.32±310.81 0.57 0.00
7.51–9 116 (27.3) 8.1±0.44 761.91±201.21 0.256 0.004
9.01–10.5 39 (9.2) 9.5±0.38 843±210.10 0.25 0.11
>10.5 50 (11.8) 11.55±0.65 918.19±281.77 0.03 0.79

The mean age of  the study participants among diabetic 
cases was 52.89±14  years which is significantly higher 
when compared to the non-diabetic COVID-19 control 
group 43.80±16.50 years (Figure 1).

Majority of  the study subjects were males in both cases 
(57%) and controls (63.5%) (Figure 2).

Baseline characteristics of  the entire study population are 
depicted in Table  2. The mean levels of  diabetic profile 
parameters (FBS, PPBS, RBS, and HbA1c) were significantly 
higher (P<0.05) in diabetic COVID-19 cases compared to 
the mean values of  non-diabetic COVID-19 controls. On 
comparison of  serum ferritin levels between diabetics and 
non-diabetic COVID-19, it was found that mean serum ferritin 
level was significantly higher in cases compared to controls and 
the difference was statistically significant (P<0.05).

On comparison of  gender-wise difference in the serum 
ferritin among both groups, it was observed that the mean 
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Figure 1: Age-wise distribution of entire study population
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Table 2: Baseline characteristics of the entire 
study population
Variable Diabetic 

COVID‑19 
cases 

Non‑diabetic 
COVID‑19 
controls

t‑value P‑value

Age 52.89±14.14 43.80±16.50 9.01 0.000
RBS 180.64±48.11 104.63±18.63 39.67 0.000
FBS 291.86±91.54 82.61±8.90 46.01 0.000
PPBS 281.38±100.64 126.26±10.69 41.37 0.000
Hba1c 7.92±1.67 4.50±0.31 47.99 0.000
Serum 
ferritin

648.98±320.48 204.39±248.18 24.18 0.000
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serum ferritin among males was higher than females in 
both diabetic and non-diabetic COVID-19 groups and 
this gender-wise difference in the mean values of  serum 
ferritin was found to be statistically significant in both case 
and and control groups (P<0.05) (Table 3).

The correlation between glycated hemoglobin and serum 
ferritin was done by Pearson’s correlation test and it showed 
a statistically significant (P≤0.05) positive correlation 
(r=0.55) in diabetic Covid-19 cases (Table 4) and (Figure 3). 
The correlation between serum ferritin and HbA1c amongst 
controls showed weak positive correlation which was not 
statistically significant (P=0.11) (Table 4) (Figure 4).

Mean±SD value of  serum ferritin level in different 
HbA1c range was measured. Mean ferritin of  all the 
groups of  glycated hemoglobin was calculated and highest 
mean ferritin was seen in the poorly controlled diabetic 
group with HbA1c >10.5% with mean ferritin value 
918.19±281.77 ng/mL (Table 1).

Mean serum Ferritin (793±232 ng/mL) was reported 
to be high among the poorly controlled (HbA1c>7.1) 
compared to well controlled (HbA1c<7) diabetic Covid-19 
cases (403 ±300 ng/mL) with statistically significant 
positive correlation (Table 5) and (Figures 5 and 6). It is 
also observed that the serum ferritin value increases with 
increase in HbA1c level in diabetic Covid-19 cases with 
statistically significant positive correlation (Table 1).

Correlation analysis of  serum ferritin with diabetic profile 
parameters in diabetic COVID-19 cases revealed that there 
was a moderate positive correlation between serum ferritin 
and FBS (r=+0.55), PPBS (r=+0.50), and RBS (r=+0.46) 
which was found to be statistically significant (p<0.05), 
however, the correlation between age (r=0.09) and serum 
ferritin was not statistically significant (Table 6).

Among non-diabetic COVID-19 controls, there was 
a statistically significant (P<0.05) positive weak linear 
correlation between serum ferritin and age (r=0.166), PPBS 
(r=0.107), and RBS (r=0.20). The weak linear positive 
correlation between FBS (r=0.068) and serum ferritin was 
not statistically significant (P>0.05) (Table 7).

DISCUSSION

COVID-19 respiratory infection being very contagious and 
is prevalent in diabetics who are prone for infections easily. 
COVID-19 patients rapidly progress to metabolic acidosis, 
coagulopathy, acute respiratory failure, and septic shock. 
Early identification of  risk factors for worsening of  the 
disease is very vital in the treatment and prognosis of  the 
COVID-19 disease. Diabetes and its associated factors such 
as increased age, comorbidities, poor diabetic control, and 
hyperferritinemia in the affected COVID-19 individuals will 
add to the problem. Qin et al., in their cohort, observed at 
least one underlying disorder (hypertension, diabetes, and 
chronic obstructive pulmonary disease) in severe cases 
compared to mild cases.18

Studies show that in severe COVID-19 infection, there 
will be not only pulmonary but also there will be systemic 
inflammatory response with raised serum levels of  
several inflammatory markers including serum ferritin 
which ultimately result in cytokine storm. Diabetics have 
elevated serum levels of  ferritin,12,19 so they are more likely 
to encounter severe complications during COVID-19 
infection as viral infections can also increase inflammation 
in people with diabetes.

Innumerable studies are carried out during this pandemic 
to understand the various aspects of  this deadly disease. 
Due to high mortality and morbidity of  COVID-19 
infection, search of  various and better hematological and 
biochemical parameter was carried out to assess the severity 

Table 3: Gender‑wise distribution of serum ferritin among diabetic COVID‑19 cases and non‑diabetic 
COVID‑19 cases
Variable Serum ferritin t‑value P‑value

Males Females
Diabetic COVID‑19 cases 679.11±325.20 596.48±303.96 7.92 <0.0001
Non‑diabetic COVID‑19 controls 274.58±273.19 111.53±170.08 2.57 0.005

Table 4: Correlation between serum ferritin and 
HbA1c levels in diabetic COVID‑19 cases and 
non‑diabetic COVID‑19 controls
Variables Mean Standard 

deviation
Pearson’s 
correlation 

r value

P‑value

Diabetic 
COVID‑19 
cases

Serum 
ferritin

648.98 320.48 0.55 0.00

HbA1C 7.92 1.67
Non‑diabetic 
COVID‑19 
controls

Serum 
ferritin

207.83 249.39 0.068 0.11

HbA1C 4.50 0.31
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Table 5: Correlation between serum ferritin and HbA1c among well controlled and poorly controlled 
diabetic COVID‑19 cases (n=425)
HbA1C % range n (%) Mean±SD HbA1C% Serum ferritin (ng/mL) Pearson’s correlation r value P‑value
Well‑controlled (<7%) 
diabetic COVID‑19 cases 

157 
(36)

6.46±0.32 402.98±299.48 0.297 0.0015

Poorly controlled (>7.1) 
diabetic COVID‑19 cases 

268 
(63)

8.77±1.55 793.08±231.89 0.330 <0.0001

Table 6: Pearson correlation of serum ferritin 
with age, FBS, PPBS, and RBS parameters 
among diabetic COVID‑19 cases
Parameter Pearson’s 

correlation r value
P-value Interpretation

Age versus 
serum ferritin

0.09 0.06 Not significant

FBS versus 
serum ferritin

0.55 0.00 Significant

PPBS versus 
serum ferritin

0.50 0.00 Significant

RBS versus 
serum ferritin

0.46 0.00 Significant

Table 7: Pearson correlation of serum ferritin 
with age, FBS, PPBS, and RBS in non‑diabetic 
COVID‑19 controls
Parameter Pearson 

correlation r value
P‑value Interpretation

Age versus 
S. ferritin

0.166 0.00 Significant

FBS versus 
S. ferritin

0.068 0.11 Not Significant

PPBS 
versus S. 
ferritin

0.107 0.01 Significant

RBS 
versus S. 
ferritin

0.200 0.00 Significant

and prognosis of  the disease. This study will give an insight 
into the role of  inflammatory marker serum ferritin and 
diabetic profile parameters in COVID-19 infection in 
diabetics and non-diabetics.

In this study, males were more affected by COVID-19 
infection (cases 57% and controls 63.5%). In other similar 
studies, male preponderance was observed. Fan et al., 
observed male preponderance in their study.20

In the present study, COVID-19 infection was seen 
to be more prevalent in the age group of  30–70  years 
in diabetic COVID-19  cases and 20–70  years in non-
diabetic COVID-19 controls. The mean age of  the 
study participants was significantly (P<0.05) high among 
diabetic cases (52.89±14 years) compared to non-diabetic 
COVID-19 control group (43.80±16.50 years). Wu et al., 
and Qin et al., in their study concluded that increasing age 
with comorbidities is the risk factor for contracting acute 

respiratory distress syndrome and death due to decreased 
immune response.18,21 Thus, the age factor will be the 
additional risk factor for the bad prognosis in diabetic 
COVID-19 individuals. Zhou et al.,22 observed that old age 
was associated with more ICU admissions. Bozkurt et al., 
also observed high number of  elderly diabetic individuals 
amongst severe COVID-19 patients.23

In this study, the correlation between age (r=0.09) and 
serum ferritin was not statistically significant in cases. 
However, among non-diabetic controls, there was 
statistically significant (P<0.05) positive weak linear 
correlation observed between serum ferritin and age 
(r=0.166).

In the present study, serum levels of  diabetic profile 
parameters (FBS, PPBS, RBS, and HbA1c) were significantly 
(P<0.05) high in cases when compared to controls. 
Similar result was found by Rawat et al.24 In the present 
study, statistically significant high levels of  HbA1c were 
observed in cases compared to controls. Liu et al., observed 
patients with high HbA1c (≥6.5%) or fasting glucose 
level (≥126 mg/dl) on admission had increased risk of  
mortality.25

Statistically significant increased levels of  serum ferritin level 
were observed in this study as the HbA1c level increased in 
cases. Statistically significant high levels of  serum ferritin 
were also seen in poorly controlled diabetic COVID-19 cases 
compared to well-controlled diabetic COVID-19  cases. 
Correlation analysis among diabetic COVID-19 cases and 
non-diabetic COVID-19 controls indicates that serum 
ferritin level increases as the glucose level increases in the 
body.

Literature search regarding glucose metabolism in 
COVID-19 individuals shows that hyperglycemia 
promotes SARS-CoV-2 replication in human monocytes, 
resulting in increased viral proliferation Codo et al.26 Thus, 
hyperglycemia is an independent risk factor for frequent 
occurrence of  COVID-19 infection in diabetic individuals. 
In diabetic MERS-CoV-infected animal (mice) studies, 
extensive lung pathology was observed due to dysregulated 
immune response, Kulcsar et al.27 Lim et al.,28 also observed 
severe lung involvement in COVID-19 patients with poor 
glycemic control. Hence, hyperglycemia may be the cause 
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for severe COVID-19 infection and increased need of  
hospitalization, ICU care, and increased mortality and 
morbidity. SARS-CoV-2 replication also produces more 
mitochondrial reactive oxygen species and activation of  
hypoxia-inducible factor 1α.29 Therefore, patients with 
diabetes mellitus typically fall into higher categories of  
SARS-CoV-2 infection severity than those without21,30 

and poor glycemic control predicts an increased need for 
medications and hospitalizations, and increased mortality.31

Patients with iron overload have high ferritin levels. 
Increased accumulation of  iron affects insulin synthesis 
and secretion in the pancreas and interferes with the 
insulin extracting capacity of  the liver. Conversely, insulin 
stimulates cellular iron uptake through increased transferrin 
receptor externalization. Excessive iron accumulation can 
induce organic damage that leads to diabetes.32-34 Thus, 
insulin and iron can mutually potentiate their effects, 
leading, after a vicious cycle, to insulin resistance and 
diabetes.35-37

Ferritin is an inflammatory marker located in heart, liver, 
kidney, spleen, and intestinal mucosal cells but it is unclear 
whether serum ferritin reflects or causes inflammation, or 
whether it is involved in an inflammatory cycle. Kell et al., 
found that serum ferritin arises from damaged cells and is 
thus a marker of  cellular damage.38

Ferritin has no circadian rhythm and completely taken 
up by liver. Ferritin has more expression time than other 
inflammatory markers such as IL-6 and IL-10, hence, it is 
better predictor of  disease progression.39

Results of  this study showed were significantly higher 
levels of  serum ferritin in the cases compared to controls 
(P<0.05). Serum levels of  ferritin, an iron storing protein 
increases during COVID-19 infection. The inflammatory 
cytokines produced during cytokine storm stimulate the 
hepatocytes, macrophages, and Kupffer cells to secrete 
ferritin.39-41

The alterations of  the immune regulation appear to be the 
cause for advancement of  disease from an asymptomatic 
or mild infection to a severe disease with poor prognosis. 
Ferritin, in particular under severe hyperferritinemia, is 
a key mediator of  immune dysregulation through direct 
immune suppressive and pro-inflammatory effects, leading 
to cytokine storm.42 Several studies suggest that increased 
levels of  serum ferritin and other inflammatory markers 
in severe and critical patients as compared to mild and 
moderate patients.18,43-45 In a retrospective cohort study 
from Wuhan, China, Terpo et al., reported increased ferritin 
and LDH as risk factors for acute respiratory distress 
syndrome, ICU support, and mortality.46

Bozkurt et al.,23 observed high levels of  serum ferritin 
in severe COVID-19  patients compared to mild 
COVID-19 patients. A meta-analysis conducted by Cheng 
et al.,47 concluded that hyperferritinemia predicts poor 
prognosis and worsening of  COVID-19.

The previous studies interpret that hyperglycemia and 
hyperferritinemia individually are independent risk factor 
for the increased severity of  COVID-19 infection. Presence 
of  both the risk factors together in a COVID-19 individual 
worsens the situation. This will alarm the addition of  
serum ferritin estimation not only in diabetic COVID-19 
individuals but also in non-diabetic COVID-19 individuals.

To summarize, the COVID-19 caused by the SARS-CoV-2 
is characterized by a human-to-human transmission. 
Hyperglycemia promotes viral replication and prone for 
viral infection. Increased serum ferritin level following 
COVID-19 infection adds on to the problem. Vulnerability 
of  diabetics for infection, associated hyperferritinemia 
makes diabetes, the major risk factor for fatal outcome 
in COVID-19. Hyperferritinemia leads to multiorgan 
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and Department of  Community Medicine, RRMCH, 
Bengaluru.
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