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ABSTRACT 

Background: Coronavirus Disease 2019 (COVID-19) has affected millions of people worldwide. Diabetes is associated with 

an enormous health and financial burden. Comorbidity of diabetes and COVID‐19 can lead to poor outcome. Objective: To 

determine the role of HbA1C as biomarker of COVID-19 severity in patients with diabetes mellitus. Study Design: Cross 

sectional study. Settings: Chemical Pathology section and COVID ward of Sheikh Zayed Hospital, Rahim Yar Khan 

Pakistan. Duration: 1st July 2021 to 31st December 2021. Methods: 110 diabetic patients diagnosed with COVID-19 of both 

genders aged 20-90 years were included in study using consecutive sampling technique. Non diabetics with COVID-19 and 

patients not willing to be included in the study were excluded. Blood samples were collected for inflammatory markers (C-

reactive protein (CRP), Serum ferritin and lactate dehydrogenase (LDH)) and HbA1C. HbA1c was stratified as: <7%, 7%–

9% and >9%. Severity of the disease was assessed by requirement of patient for oxygen mask, ventilator or death of the 

patient. Data was entered and analyzed using SPSS 20. After applying t-test p value <0.05 was taken as significant. Results: 

110 diabetic patients hospitalized with COVID-19 were included in the study among which 68 (61.8%) were females and 42 

(38.2%) were males. Mean age of the patients was 53.85+14.34 years and majority belonged to middle class. Inflammatory 

biomarkers serum ferritin, CRP and LDH showed a rising trend with increase in HbA1C. HbA1C was stratified in 3 

categories; 21 (19.1%) patients had HbA1C <7%, 53 (48.2%) had HbA1C 7-9% and 36 (32.7%) had >9%. COVID-19 disease 

outcome was correlated with HbA1C categories and more severe disease was observed in patients with HbA1C >9% 

(p=0.000). Conclusion: Performing HbA1c test at admission is helpful in diabetics for assessing severity of COVID-19 

disease. Special attention should be given to patients with uncontrolled diabetes with vigorous treatment modalities. 
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INTRODUCTION 

 large number of people have been affected by 
Coronavirus disease (COVID-19) pandemic 

worldwide. The virus was identified as highly infectious 
and communicable, novel severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), which affects the 
humans by attaching to angiotensin-converting enzyme 2 
(ACE-2), a receptor for this virus.1 Diabetes patients 
constitute a remarkable proportion of COVID-19 
hospitalized patients. Diabetes prevalence of 7.4% to 20% 
was reported in COVID-19 hospitalized patients across 
Chinese provinces.2  

COVID-19 poor prognosis is associated with many risk 
factors and diabetes mellitus (DM) has emerged as a 
major risk factor for poor prognosis of the disease.3 In 
previous outbreaks of respiratory viral epidemics 
diabetes was associated with a higher death rate in 
affected patients.4,5 Same was observed in SARS-CoV-2 
pandemic where diabetic patients had a terrible increase 
in mortality as compared to the normal population.6  

In T2DM there is pro‐inflammatory remodeling at 
systemic and tissue level.7 Diabetes affects both 
respiratory and immune systems as it causes damage to 
alveolar epithelium, pulmonary cilia dysfunction, 
alveolar collapse and increased vascular permeability 
and also causes impaired function of immune system.8 

A 
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Likewise spleen, lymph node and lung architecture is 
damaged in severely ill COVID-19 patients and 
lymphopenia is also observed.9 COVID-19 and diabetes 
both can damage the respiratory and immune systems 
synergistically.8 Good glycemic control can improve the 
immune system as reported in previous studies  therefore 
it should be of primary importance in diabetics with 
COVID-19 infection.10 Glycosylated hemoglobin (HbA1c) 
provides glycemic control of past 3 months hence it is a 
good indicator of long-term glucose control.11 It can help 
identifying the individuals with high-risk of COVID-19 
disease severity having low awareness of good glycemic 
control.12 

This study aims to assess role of HbA1C as biomarker of 
COVID-19 severity in patients with diabetes mellitus so 
as to direct more medical efforts toward patients with 
poorly controlled diabetes mellitus in order to minimize 
the social and financial burden associated with an 
imperceptive approach towards uncontrolled and well 
controlled diabetics. 

The objective of the study was to determine the role of 
HbA1C as biomarker of COVID-19 severity in patients 
with Diabetes Mellitus. 

METHODS 

This cross-sectional study was conducted in chemical 
pathology section and COVID ward of Sheikh Zayed 
Hospital, Rahim Yar Khan from 1st July 2021 to 31st 
December 2021.  

110 diabetic patients diagnosed with COVID-19 of both 
genders aged 20-90 years were included in study using 
consecutive sampling technique. Non diabetics with 
COVID-19 and patients not willing to be included in the 
study were excluded. Patients with comorbidities like 
cardiac diseases, cerebrovascular accident and other 
respiratory diseases were also excluded. 

Blood samples were collected for inflammatory markers 
(C-reactive protein (CRP), Serum ferritin and lactate 
dehydrogenase (LDH)) and HbA1C. For patients with 
HbA1C done in past 6 months, this pre-infection result 
was included in study. CRP, LDH and HbA1C were 
performed on BC AU680 fully automated chemistry 
analyzer based on spectrophotometry. Serum ferritin was 
performed on Cobas e-411 electrochemiluminescence 
based immunoassay analyzer.  

Demographic characteristics and all test results were 
recorded on a predesigned performa. HbA1c was 
stratified as: <7%, 7%–9% and >9%. Severity of the disease 
was assessed by requirement of patient for oxygen mask, 
ventilator or death of the patient. Data was entered and 
analyzed using SPSS 20. Qualitative data was presented 
as frequency and percentage while quantitative data was 

given as mean and SD. Post stratification t-test was 
applied and p value <0.05 was taken as significant. 

RESULTS 

110 diabetics with COVID-19 were included in this study 
among which 68 (61.8%) were females and 42 (38.2%) 
were males. Mean age of the patients was 53.85+14.34 
years and majority belonged to middle class. 
Demographic characteristics of patients are given in table 
1. More diabetic patients with COVID-19 had HbA1c 
between 7% and 9%. Inflammatory biomarkers showed a 
rising trend with increase in HbA1C (Table 2).  21 (19.1%) 
patients had HbA1C <7%, 53 (48.2%) had HbA1C 7-9% 
and 36 (32.7%) had >9%. COVID-19 disease outcome was 
correlated with HbA1C categories and higher mortality 
was observed in patients with HbA1C >9% (Table 3).   

Table 1: Demographic characteristics of patients 

Demographic characteristics Frequency Percentage 

Age (years) 

20-40 20 18.2% 

41-60 60 54.5% 

61-80 24 21.8% 

>80 6 5.5% 

Total 110 100% 

Gender 

Female 68 61.8% 

Male 42 38.2% 

Total 110 100% 

Socio-economic 
status 

Poor 25 22.7% 

Middle class 47 42.7% 

High class 38 34.6% 

Total 110 100% 

 
Table 2: Inflammatory biomarkers and HbA1C 

Inflammatory 
Biomarkers 

HbA1C p 
value <7% 7-9% >9% 

Ferritin (ng/ml) 
655.3 + 
168.22 

1557.0 + 
316.94 

1700 + 
1131 

0.005 

CRP (mg/L) 10.9 + 4.0 16.0 + 6.9 36.3 + 11.5 0.032 

LDH (U/L) 307 + 34.2 534 + 104.6 668 + 65.2 0.000 

 
Table 3: HbA1C and outcome in diabetic COVID-19 
patients 

HbA1C N 
Outcome p 

value Oxygen Ventilator Mortality 

<7% 
21 

(19.1%) 
15 

(71.4%) 
5 

(23.8%) 
1 

(4.8%) 

0.000 7-9% 
53 

(48.2%) 
15 

(28.3%) 
23 

(43.4%) 
15 

(28.3%) 

>9% 
36 

(32.7%) 
3 

(8.3%) 
7 

(19.5%) 
26 

(72.2%) 
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DISCUSSION 

In our study HbA1c was identified as a biomarker of 
COVID‐19 severity. Female gender and middle-class 
socioeconomic status were significantly linked to 
hospitalization. While obesity and male gender were 
suggested as risk factors in previous research papers.13-15 
it was reported in previous publications that patients 
having poor glycemic control were more vulnerable to 
microbial infections, such as Group B streptococci, 
Chlamydia pneumoniae, Mycobacterium tuberculosis, 
Klebsiella pneumoniae infections with poor prognosis as 
compared to the patients having good glycemic control.16-

19 Besides, hyperglycemia also causes cell damage in 
SARS-CoV-2 infection by upregulating ACE-2 
expression.20 COVID-19 itself causes damage to 
pancreatic β cells thereby leading to impaired insulin 
production and altered glucose homeostasis as some 
studies have shown that few viruses can damage β-cells 
of pancreas directly,21,22 and angiotensin converting 
enzyme 2 (ACE2) has higher expression in endocrine 
pancreas thereby acting as SARS-CoV-2 receptor.23  

Prattichizzo et al. reported that HbA1C measured before 
or after hospitalization was directly associated with 
mortality or morbidity of COVID-19.3 Additionally they 
also compared glycemic control of patients and poor 
glycaemic control was found to be associated with a 
higher risk of COVID-19 mortality.3 Few researches 
concluded that absolute hyperglycemia in COVID-19 
patients at hospitalization increases the severity of 
COVID‐19 and it was independent of previous glycemic 
status but good glycemic control significantly improved 
the outcome in these patients.24-25 As HbA1c is not 
affected by the stress hyperglycemia associated with 
acute illness26 it may help in identification of new onset 
diabetes in COVID‐19 patients. This New onset diabetes 
has been commonly identified in COVID‐19 patients.27  

Moreover, COVID‐19 patients with this newly identified 
diabetes are at a greater risk of poor outcome.28 Our study 
showed that among COVID-19 patients with diabetes, 
poor glycemic control and HbA1C>9% are associated 
with more severe disease thereby indicating the need and 
importance of good glycemic control. 

CONCLUSION 

It is concluded that HbA1c is helpful in diabetics for 
assessing severity of COVID-19 disease. As more severe 
disease was observed in patients with higher HbA1C 
level special care should be given to patients with poor 
glycemic control and uncontrolled diabetes to minimize 
economic and social burden. 

 

 

LIMITATIONS 

COVID-19 patients with diabetes mellitus admitted in 
hospital were included only. This is a single center study 
with limited sample size. Studies with large sample size 
including all COVID-19 patients with diabetes mellitus 
are required. 

SUGGESTIONS / RECOMMENDATIONS 

Diabetic patients should have a record of HbA1C to 
assess their glycemic control and in COVID-19 patients 
with diabetes mellitus more vigorous treatment should 
be offered to patients with poor glycemic control. 

CONFLICT OF INTEREST / DISCLOSURE 

None. 

ACKNOWLEDGEMENTS 

We are grateful to laboratory and ICU staff for their help 
in data collection. 

REFERENCES 

1. Wu Z, McGoogan JM. Characteristics of and Important Lessons 
From the Coronavirus Disease 2019 (COVID-19) Outbreak in 
China: Summary of a Report of 72 314 Cases From the Chinese 
Center for Disease Control and Prevention. JAMA. 2020 Apr 
7;323(13):1239-1242.  

2. Peric S, Stulnig TM. Diabetes and COVID-19 : Disease-
Management-People. Wien Klin Wochenschr. 2020 Jul;132(13-
14):356-361.  

3. Prattichizzo F, de Candia P, Nicolucci A, Ceriello A. Elevated 
HbA1c levels in pre-Covid-19 infection increases the risk of 
mortality: A sistematic review and meta-analysis. Diabetes Metab 
Res Rev. 2022 Jan;38(1):e3476.  

4. Yang JK, Feng Y, Yuan MY, Yuan SY, Fu HJ, Wu BY, et al. Plasma 
glucose levels and diabetes are independent predictors for 
mortality and morbidity in patients with SARS. Diabet Med. 2006 
Jun;23(6):623-8.  

5. Al-Tawfiq JA, Hinedi K, Ghandour J, Khairalla H, Musleh S, Ujayli 
A, et al. Middle East respiratory syndrome coronavirus: a case-
control study of hospitalized patients. Clin Infect Dis. 2014 Jul 
15;59(2):160-5.  

6. Mantovani A, Byrne CD, Zheng MH, Targher G. Diabetes as a risk 
factor for greater COVID-19 severity and in-hospital death: A 
meta-analysis of observational studies. Nutr Metab Cardiovasc 
Dis. 2020 Jul 24;30(8):1236-1248.  

7. Prattichizzo F, Giuliani A, Sabbatinelli J, Matacchione G, Ramini D, 
Bonfigli AR, et al. Prevalence of residual inflammatory risk and 
associated clinical variables in patients with type 2 diabetes. 
Diabetes Obes Metab. 2020;22(9):1696-700. 

8. Wang Z, Du Z, Zhu F. Glycosylated hemoglobin is associated with 
systemic inflammation, hypercoagulability, and prognosis of 
COVID-19 patients. Diabetes Res Clin Pract. 2020 Jun;164:108214.  

9. Yao XH, Li TY, He ZC, Ping YF, Liu HW, Yu SC, et al. [A 
pathological report of three COVID-19 cases by minimal invasive 
autopsies]. Zhonghua Bing Li Xue Za Zhi. 2020 May 8;49(5):411-
417. Chinese.  

10. Gupta R, Ghosh A, Singh AK, Misra A. Clinical considerations for 
patients with diabetes in times of COVID-19 epidemic. Diabetes 
Metab Syndr. 2020 May-Jun;14(3):211-212.  

11. Rowley KG, Daniel M, O'Dea K. Screening for diabetes in 
Indigenous populations using glycated haemoglobin: sensitivity, 



HbA1C- Biomarker of COVID-19 Severity in Patients with Diabetes Mellitus Sana M et al. 
     

 

     

APMC Vol. 17 No. 1 January – March 2023 24 www.apmcfmu.com 

specificity, post-test likelihood and risk of disease. Diabet Med. 
2005 Jul;22(7):833-9.  

12. Liu L, Wei W, Yang K, Li S, Yu X, Dong C, et al. Glycemic control 
before admission is an important determinant of prognosis in 
patients with coronavirus disease 2019. J Diabetes Investig. 2021 
Jun;12(6):1064-1073.  

13. Garg S, Kim L, Whitaker M, O'Halloran A, Cummings C, Holstein 
R, et al. Hospitalization Rates and Characteristics of Patients 
Hospitalized with Laboratory-Confirmed Coronavirus Disease 
2019 - COVID-NET, 14 States, March 1-30, 2020. MMWR Morb 
Mortal Wkly Rep. 2020 Apr 17;69(15):458-464.  

14. Simonnet A, Chetboun M, Poissy J, Raverdy V, Noulette J, 
Duhamel A, et al. High prevalence of obesity in severe acute 
respiratory syndrome coronavirus‐2 (SARS‐CoV‐2) requiring 
invasive mechanical ventilation. Obesity. 2020 Jul;28(7):1195-9. 

15. Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, et al. Risk factors of 
critical & mortal COVID-19 cases: A systematic literature review 
and meta-analysis. Journal of infection. 2020 Aug 1;81(2):e16-25. 

16. Rizzo A, Paolillo R, Iafusco D, Prisco F, Romano Carratelli C. 
Chlamydia pneumoniae infection in adolescents with type 1 
diabetes mellitus. Journal of medical microbiology. 2012 
Nov;61(11):1584-90. 

17. Thomsen RW, Riis AH, Kjeldsen S, Schønheyder HC. Impact of 
diabetes and poor glycaemic control on risk of bacteraemia with 
haemolytic streptococci groups A, B, and G. Journal of Infection. 
2011 Jul 1;63(1):8-16. 

18. Lee CH, Chen IL, Chuah SK, Tai WC, Chang CC, Chen FJ, et al. 
Impact of glycemic control on capsular polysaccharide 
biosynthesis and opsonophagocytosis of Klebsiella pneumoniae: 
Implications for invasive syndrome in patients with diabetes 
mellitus. Virulence. 2016 Oct 2;7(7):770-8.  

19. Xia LL, Li SF, Shao K, Zhang X, Huang S. The correlation between 
CT features and glycosylated hemoglobin level in patients with 

T2DM complicated with primary pulmonary tuberculosis. 
Infection and Drug Resistance. 2018;11:187. 

20. Bornstein SR, Rubino F, Khunti K, Mingrone G, Hopkins D, 
Birkenfeld AL, Boehm B, Amiel S, Holt RI, Skyler JS, DeVries JH. 
Practical recommendations for the management of diabetes in 
patients with COVID-19. The lancet Diabetes & endocrinology. 
2020 Jun 1;8(6):546-50. 

21. Jaeckel E, Manns M, Von Herrath M. Viruses and diabetes. Annals 
of the New York Academy of Sciences. 2002 Apr;958(1):7-25. 

22. Roivainen M, Rasilainen S, Ylipaasto P, Nissinen R, Ustinov J, 
Bouwens L, et al. Mechanisms of Coxsackievirus-Induced Damage 
to Human Pancreaticβ-Cells. The Journal of Clinical 
Endocrinology & Metabolism. 2000 Jan 1;85(1):432-40. 

23. Yang JK, Lin SS, Ji XJ, Guo LM. Binding of SARS coronavirus to its 
receptor damages islets and causes acute diabetes. Acta 
diabetologica. 2010 Sep;47:193-9. 

24. Apicella M, Campopiano MC, Mantuano M, Mazoni L, Coppelli A, 
Del Prato S. COVID-19 in people with diabetes: understanding the 
reasons for worse outcomes. The lancet Diabetes & endocrinology. 
2020 Sep 1;8(9):782-92. 

25. Lim S, Bae JH, Kwon HS, Nauck MA. COVID-19 and diabetes 
mellitus: from pathophysiology to clinical management. Nature 
Reviews Endocrinology. 2021 Jan;17(1):11-30. 

26. Luethi N, Cioccari L, Tanaka A, Kar P, Giersch E, Deane AM, et al. 
Glycated hemoglobin A1c levels are not affected by critical illness. 
Critical care medicine. 2016 Sep 1;44(9):1692-4. 

27. Sathish T, Kapoor N, Cao Y, Tapp RJ, Zimmet P. Proportion of 
newly diagnosed diabetes in COVID‐19 patients: a systematic 
review and meta‐analysis. Diabetes, obesity & metabolism. 2021 
Mar;23(3):870. 

28. Li H, Tian S, Chen T, Cui Z, Shi N, Zhong X, et al. Newly diagnosed 
diabetes is associated with a higher risk of mortality than known 
diabetes in hospitalized patients with COVID‐19. Diabetes, obesity 
and metabolism. 2020 Oct;22(10):1897-906.

 


