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Can HbA1c levels be used as an independent marker of mortality 
and morbidity risk in patients with COVID-19 positive swabs? 
– a retrospective observational study

amplitude of glycaemic excursions (MAGE) than overweight or 
obese patients and more fluctuations.6 However, hemoglobin A1c 
(HbA1c) remains endorsed in many countries as a diagnostic test for 
(type 2) diabetes as well as for monitoring.7 

Studies towards association of COVID-19 and Diabetes mellitus, 
suggest increased risk of mortality in patients with type 1 diabetes 
mellitus, and association of syndromic nature of the diabetes 
association with COVID-19 infection.8,9 There are also studies 
showing increased severity of Covid-19 infection in patients with 
higher HbA1c.10-12 Nevertheless, studies have suggested higher 
HbA1c levels are related to increased risk of complications in patients 
with diabetes.12,13

In a resource strapped healthcare system, it is important to be 
able to identify which patients are more likely to require higher level 
of support from medical professionals and therefore independent 
markers of mortality and morbidity would be useful to help allocate 
healthcare resources more effectively.

We explored to see whether there was an association between 
HbA1c level and mortality in COVID-19 patients. This was achieved 
by conducting a retrospective study to evaluate the difference in 
mortality in patients with a positive swab (COVID-19 infection) and 
recent HbA1c level. 

Introduction

Coronavirus disease 2019 (COVID-19) or the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) as it is 
now called, has rapidly spread from its origin in Wuhan City 

of Hubei Province of China to the rest of the world.1 By 12th of August 
2020, 20,525,152 cases of COVID-19, 745,960 deaths and 13,445,997 
recovered cases had been reported worldwide. As of 2nd of April 2021 
this count has gone up to 130,174,617 cases of COVID-19, 2,840,184 
deaths and 104,894,047 recovered cases. As of the 9th of August 
2020, the number of deaths reported in the UK with a positive SARS-
CoV 2 test was 46,526 and by 2nd of April 2021 this has increased to 
126,764.2,3 The number of expected UK deaths by 31st of July 2020 
exceeded estimation by 63,810.3 

Studies have shown that the severity with COVID-19 is 
related to age and comorbidities including diabetes, hypertension, 
cardiovascular, and cerebrovascular diseases.4,5 

Recent studies have revealed that underweight or normal-weight 
patients have poor pancreatic β-cell function, and higher mean 
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Statistical Analyses
The categorical variables were expressed in terms of frequency 

and percentages. They were compared between groups using Fisher’s 
exact test. Continuous variables were assessed with mean (SD), 
median and range and compared by analysis of variance. Odds 
ratios for mortality by HbA1c category were obtained using logistic 
regression. As the number of events was small, we used a penalised 
model (Firth logistic regression) to deal with any possible bias due to 
sparse data.22 HbA1c was also analysed as a continuous variable using 
restricted cubic splines to assess non-linearity of the association with 
mortality. A lasso model was fitted to obtain a model suitable for 
making predictions outside the estimation sample. All characteristics 
and co-morbidities were included and variable selection was made 
using cross-validation. A second model was fitted adding HbA1c as 
a predictor. The second model was selected as the best performing 
model. The predictive accuracy of each model was assessed using 
the area under the ROC curve. The p value < 0.05 was considered 
statistically significant. All statistical analysis was done using Stata 
Version 16 (StataCorp Texas).

Results 
A total of 1226 patients were tested for SARS-CoV-2 with an 

RNA swab test. The median age of patients was 73 years, ranging 
from 18 years to 101 years. 

Materials and Methods
This was a retrospective observational study. The data pertaining 

to patient characteristics was collected from an electronic medical 
record system for analysis. COVID-19 swab results from 10th 
of February 2020 to the 1st of May 2020 were provided by the 
Department of Microbiology for East Sussex Healthcare NHS Trust. 
These results included patients being tested of whom some were 
admitted to Conquest Hospital and Eastbourne Hospital. A team 
of Junior Doctors were recruited to retrieve the blood test results 
including Full Blood Count (FBC), Liver Functions Tests (LFTs), 
Stool culture results, CXR-imaging reports, comorbidity history, 
summary care records, clinic letters, and notes from previous and 
current hospital admissions. Frailty scores were included for any 
patient with Rockwood Frailty (Dalhousie University Frailty Score) 
of 4 or more.14 

1226 patients had SARS-CoV-2 RNA identification swabs 
between 10th February 2020 to 1st May 2020. Within this, a cohort 
of 120 patients were admitted to the hospital with COVID-19 swab 
positive and 516 patients with COVID-19 swab negative results 
with a recent HbA1c test. The recent HbA1c dated anytime during 
admission going back to a maximum of 3 months prior to admission. 
All patients with HbA1c levels done prior to more than 3 months were 
excluded. This was based on Diabetes UK criteria for indications for 
repeat HbA1c levels within 2 to 3 months of initial HbA1c test.15 35 
patients had HbA1c repeated, and for such patients the most recent 
HbA1c levels were included, although since within shorter interval 
time, the repeat values were not significantly different from the 
prior values. These patients were grouped into three subsets as per 
WHO diagnostic criteria for pre-diabetes and diabetes by HbA1c; 
<42 mmol/mol (Group 1 - normal), 42 to 47 mmol/mol (Group 2 
-pre-diabetics), and ≥48 mmol/mol (Group 3 – diabetic range).16 
There were 68 patients in the first group, 26 patients in second group, 
and 26 patients in third group. 19 patients (15.83%) were receiving 
insulin therapy before admission. The most common diabetic 
therapy received prior to admission was metformin. Mortality rates 
for non-survivors were adjusted to the first thirty days from the day 
of hospital admission. The chest x-ray infiltrates and complaints of 
diarrhoea that led to utilisation of extra NHS resources (allocation to 
side rooms) were assessed. Studies have suggested 70% sensitivity of 
the Covid 19 swab test. With a pre-test probability of 50% the post-
test probability with a negative test appears to be 23% which would be 
far too high to assume someone is not infected.17 Since a significant 
number of patients with negative swab results, were clinically noticed 
with number of symptoms, including fever, diarrhoea, cough with 
chest x-ray infiltrates reported as Covid pneumonitis, these patients 
were classified as ‘Treat as Positive’(TAP). 

Hence, all the patients with positive COVID-19 swab results 
and negative COVID-19 swab results but treated as COVID-19 
were managed as per the British Thoracic Society (BTS) guidelines 
dated as of 5th of March 2020.18 All patients clinically symptomatic 
with COVID-19 infection irrespective of swab status (either 
positive swab results or negative swab results) were treated with 
steroids namely dexamethasone or prednisolone as per the WHO 
guidance and recommendations of the UK-based RECOVERY 
trial of dexamethasone.19-21 The study was approved by the Clinical 
effectiveness and Ethics committee at the East Sussex Healthcare 
NHS Trust. 

Table 1. Patient characteristics and co-morbidities in swab positive 
patients

Variable Alive 
N=84

Deceased 
N=36

Total P value

Age, years 73.3 (15.9) 79.9 (12.6) 75.3 (15.2) 0.03

Sex, % male (N) 59.5% (50/84) 50.0% (18/36) 56.7% 
(68/120)

0.42

BMI, kg/m2 24.2 (3.4) 25.3 (4.4) 24.5 (3.8) 0.14

Ever smoker, % (N) 10.7% (9/84) 11.1% (4/36) 10.8% (13/120) 1.00

CXR infiltrates, 
% (N)

16.7% (14/84) 66.7% (24/36) 31.7% (38/120) <0.001

Co-morbidities

Diarrhoea, % (N) 3.6% (3/84) 22.2% (8/36) 9.2% (11/120) 0.003

IHD, % (N) 7.1% (6/84) 25.0% (9/36) 12.5% (15/120) 0.01

Asthma/COPD/ILD, 
% (N)

7.1% (6/84) 19.4% (7/36) 10.8% (13/120) 0.06

Hypertension, % (N) 16.7% (14/84) 36.1% (13/36) 22.5% 
(27/120)

0.03

Dementia, % (N) 22.6% (19/84) 22.2% (8/36) 22.5% 
(27/120)

1.00

Frailty, % (N) 7.1% (6/84) 44.4% (16/36) 18.3% 
(22/120)

<0.001

ALD-CLD, % (N) 2.4% (2/84) 2.8% (1/36) 2.5% (3) 1.00

Malignancy, % (N) 8.3% (7/84) 16.7% (6/36) 10.8% (13/120) 0.21

PE, % (N) 2.4% (2) 0 (0/36) 1.7% (2/120) 1.00

DMx2 100% (84) 94.4% (34) 98.3% (118)

DMx1 0% (0) 5.6% (2) 1.7% (2) 0.09

IHD; Ischaemic Heart Disease, COPD; Chronic Obstructive Pulmonary Disease, ILD; 
Interstitial Lung Disease, ALD; Alcohol Liver Disease, CLD; Chronic Liver Disease, 
PE; Pulmonary Embolism, DMx2; Diabetes mellitus type 2, DMx1; Diabetes mellitus 
type 1. Dementia Hx; history of Dementia. Frailty Hx; history of Frailty (As per any 
patient with Dalhousie Frailty [Rockwood] score of 4 or more classified as frail).
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HbA1c data was available for 120 swab positive and 516 swab 
negative patients. Patients were stratified into normal (HbA1c <42 
mmol/mol), pre-diabetes (42-47) and diabetes (>=48 mmol/mol). 
The distribution of patients among these groups did not differ 
significantly between swab negative (66.7% (344), 14.3% (74), 19.0% 
(98)) and swab positive (56.7% (68), 21.7% (26), 21.7% (26)) patients 
p=0.08.

Positive patients were 57% male, with median [range] age 75 [44-
100]. Hypertension, dementia and frailty were the most commonly 
occurring co-morbidities (Table 1). Patients who died were older, and 
significantly more likely to have co-morbidities including diarrhoea, 
IHD, hypertension and frailty (Table 1).

Increased HbA1c was significantly associated with diarrhoea 
(p<0.001), while no other comorbidities showed a significant 
association (Table 2).

Among the patients with a HbA1C >=48 53.9% of patients died 
compared to 15.4% with HbA1c 42-47 and 26.5% of patients with 
HbA1c <42 (p=0.005) (Table 1). After adjustment for age, sex, BMI 
and co-morbidities there were significant differences between the 
three categories (p=0.002). Mortality was significantly increased for 
HbA1c >=48  (OR (95% CI) = 3.46 (1.02-11.65) p=0.05) compared to 
the group with HbA1c <42 (table 3). For mortality assessed by HbA1c 
as a continuous variable there was significant non-linearity(p=0.001 
unadjusted, p=0.029 adjusted for age, sex, BMI and co-morbidities) 
and a j-shaped relationship was identified (Figure 1) confirming the 
result seen in the analysis by category.

Other variables significantly associated with mortality in the 
multivariable model are diarrhoea (OR (95% CI) =19.01 (2.39-
150.97)) p=0.0003 and frailty 19.74 (3.66-106.48) p=0.001. 

Predictive models selected using lasso technique (Table 4) 
showed an increase in area under the ROC curve from 0.878 (0.814-
0.943) to 0.915 (0.861-0.969) when including HbA1c in the model 
(figure 2). 

Conclusion
This study suggests that HbA1c is an independent risk factor for 

mortality in COVID-19 positive patients (Table 2). Adjustment for 
co-morbidities increased the effect of HbA1c. Including HbA1c in 
predictive models increased the predictive accuracy from 0.878 to 
0.915, suggesting that the use of Hba1C alongside other markers may 
lead to increased accuracy in the risk stratification of patients. 

There are some limitations in this study. Firstly, this is a small 
study and does not allow us to assess how HbA1c interacts with co-
morbidities. Secondly, the data only included outcomes for patients 
who were swabbed and hence does not include outcomes for patients 
who may have been infected with coronavirus but not have presented 
to hospital. As the analysis is restricted to patients with a positive 
test there is the possibility of selection bias (collider bias) which may 
result in non-causal associations with outcome. Additionally, there 
were outliers who were tested by swab by the local lab, but no further 
information was available about them, this way they were excluded 
as no information was available for them, and no HbA1c was done. 
With statistically significant results we can suggest with confidence 
that HbA1c is an independent risk factor for the patients with 
COVID-19 and may have utility for risk stratification of patients.

Table 2. Co-morbidities by HbA1c groups in swab positive patients

Variable HbA1c less 
than 42 
mmol/mol 
N=68

HbA1c 42-47 
mmol/mol 
N=26

HbA1c=48 
mmol/mol 
and higher 
N=26

P value

Age, years 76.1 (13.8) 74 (20.4) 74.5 (13.1) 0.81

Sex, % male (N) 58.8% (40) 38.5% (10) 69.2% (18) 0.08

BMI, kg/m2 24.8 (3.1) 23.2 (4.1) 25.2 (4.7) 0.12

Ever smoker, % (N) 10.2% (7) 15.4% (4) 7.7% (2) 0.72

CXR infiltrates, 
% (N)

32.4% (22) 15.4% (4) 46.2% (12) 0.06

Co-morbidities

Diarrhoea, % (N) 0% (0) 15.4% (4) 26.9% (7) <0.001

IHD, % (N) 10.3% (7) 23.1% (6) 7.7% (2) 0.21

Asthma, % (N) 13.2% (9) 11.5% (3) 3.9% (1) 0.52

Hypertension, % (N) 25.0% (17) 19.2% (5) 19.2% (5) 0.87

Dementia, % (N) 23.5 (16) 26.9% (7) 15.4% (4) 0.63

Frailty, % (N) 19.1% (13) 26.9% (7) 7.7% (2) 0.18

ALD-CLD, % (N) 4.4% (3) 0% (0) 0% (0) 0.58

Malignancy, % (N) 13.2% (9) 7.7% (2) 7.7% (2) 0.78

PE, % (N) 2.9% (2) 0% (0) 0% (0) 1.00

Table 3. Mortality by hbA1c group

Swab positive patients

Group 1: HbA1c 
less than 42 
mmol/mol
(N=68)

Group 2: HbA1c 
42-47 mmol/mol
(N=26)

Group 3: 
HbA1c=48 mmol/
mol and higher
(N=26)

Total
(N=120)

Alive 50 (73.5%) 22 (84.6%) 12 (47.2%) 84 (70%)

Deceased 18 (26.5%) 4 (15.4%) 14 (53.9%) 36 (30%)

Odds ratio 
(95% CI)1

1.00 0.51 (0.11-1.80)
P=0.39

3.20 (1.14 – 9.22)
P=0.03

P=0.005

Odds ratio
(95% CI)2

1.00 0.35 (0.09-1.38)
P=0.14

4.06 (1.51-10.90)
P=0.005

P=0.001

Odds ratio
(95% CI)3

1.00 0.19 (0.03-1.37)
P=0.10

3.46 (1.02-11.65)
P=0.05

P=0.002

1unadjusted; 2adjusted for age, sex; 3adjusted for age, sex, hypertension and IHD
3adjusted for age, sex, bmi, all co-morbidities; Note: Group 3 vs. Group 2, 
p=0.0063.

Table 4. Lasso Models for predicting death

Model 1 Model 2

Variable Model coefficients Model coefficients

Age 0.026 0.022

BMI 0.080 0.035

Diarrhoea 2.265 2.599

IHD 0.122 0.576

Hypertension 0.527 0.7708

Dementia -0.923 -0.1.045

Frailty 2.239 3.022

Malignancy 0.602 0.929

Hba1c<42 - -1.535

Hba1c>=48 - 1.167

ROC area
(95% CI)

0.878
(0.814-0.943)

0.915
(0.861-0.969)
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recent past HbA1c levels from 2-3 months, and its association with 
COVID-19 related mortality will be relevant as well, especially when 
the world is grasping with the third wave of pandemic.

With the resurgence of COVID-19 cases in multiple countries 
across the globe, it is imperative that we use as much information 
as possible collated during the first wave to help inform medical 
decision making and public health policy during the future. This 
includes identifying at risk populations who have contracted the 
virus and anticipating whether they will require more intensive 
medical therapy, closer observation and longer hospital stay.

This study may offer to solve a small piece of this puzzle. 
Additionally, with regards to public health policy, many previously 
identified risk factors include co-morbidities which are non-
modifiable. This study suggests that a modifiable risk factor has a 
correlation with mortality and morbidity in COVID-19 and future 
studies may be useful in assessing whether factors which help reduce 
HbA1c such as diet and exercise are protective in COVID-19 patients. 
We recommend HbA1c testing to be considered for all SARS-COV2 
positive patients without a recent HbA1c test, irrespective of pre-
existing diagnosis of diabetes mellitus.
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Discussion
Different studies have postulated different associations towards 

increase infection in diabetic patients with Covid 19 and hence 
mortality. Previous studies have reported that coronaviruses can 
cause pancreatic β-cell damage.23 Recently it has been shown that 
cellular entry of SARS-COV-19 is thought to occur via binding 
of viral spike S1 protein to Angiotensin Converting Enzyme 2 
(ACE 2).24 The ACE 2 has also been found to be expressed more 
in diabetics as compared to non-diabetics, although it is not clear 
whether variations in expression of HbA1c could related to infection 
related severity of symptoms between diabetics and non-diabetics.24 
Polymerase chain reaction following autopsy did not however find 
SARS-CoV-2 in pancreatic islet cells.25 Wang et al. have recently 
submitted a study suggesting an association between high HbA1c 
and mortality, and decreased association with normal and pre-
diabetic range HbA1c.13 Our study had a higher mortality rate (30% 
vs. 16.7%) and we observed a non-linear association with the lowest 
risk for HbA1c 42-47 mmol/mol, whereas Wang et al. observed a 
trend across the groups.13 The trend observed by  Wang et al. was an 
unadjusted association and does not take account of their observed 
trends in factors including hypertension, gender and age which 
may explain the difference observed between the studies. As well as 
adjusting for co-morbidities, we modelled HbA1c as a continuous 
variable which suggested risk is only increasing after a threshold is 
reached. There is evidence of a complex relationship between Hba1c 
and other outcomes, with non-linear associations being reported for 
lung function, vascular complications, and respiratory infections.26-

28A systematic review of 46 published studies found higher all-cause 
mortality for low and high HbA1c and recommended optimal levels 
of HbA1c between 42 and 64 mmol/mol in those with diabetes.29 

There are multiple COVID-19 studies done with most recent 
HbA1c levels tested.10,11,13 However, the WHO report towards use of 
Glycated Haemoglobin (HbA1c) in the Diagnosis of Diabetes Mellitus 
and Diabetes UK  previously have had laid down contraindications 
towards checking of HbA1c level testing, including acute severe 
illness, or use of steroids.15,30,31 It is debatable then, would it be relevant 
to have HbA1c levels during acute admissions alone or inclusion of 

Figure 1. Log odds for mortality by Hba1c after adjustment for age, sex, 
BMI and co-morbidities. Restricted cubic spline model for the association of 
HbA1c with mortality risk: log odds (solid line) and 95% CI (shaded area).

Figure 2. Area under the ROC curve for predictive lasso models with and 
without HbA1c as a predictor.



49

Primary Research

Can HbA1c levels be used as an independent marker of mortality and morbidity risk in patients with COVID-19 positive swabs? 

UTMJ • Volume 98, Number 3, June 2021

18.	 Society B, Society B. Novel coronavirus: Covid-19 - Guidance from the UK's pub-
lic health bodies | British Thoracic Society | Better lung health for all [Internet]. 
Brit-thoracic.org.uk. 2020 [cited 8 April 2020]. Available from: https://www.brit-
thoracic.org.uk/about-us/pressmedia/2020/novel-coronavirus-covid-19-guid-
ance-from-the-uks-public-health-bodies/

19.	 Corticosteroids for COVID-19 [Internet]. Who.int2021 [cited 2021 Apr 2]; Avail-
able from: https://www.who.int/publications/i/item/WHO-2019-nCoV-Cortico-
steroids-2020.1

20.	 Horby P, Lim WS, Emberson JR, et al. Dexamethasone in Hospitalized Patients 
with Covid-19. N Engl J Med. 2021;384(8):693-704

21.	 Sterne JAC, Murthy S, Diaz JV, et al. Association Between Administration of 
Systemic Corticosteroids and Mortality Among Critically Ill Patients With CO-
VID-19: A Meta-analysis. JAMA. 2020;324(13):1330-41

22.	 Greenland S, Mansournia MA, Altman DG. Sparse data bias: a problem hiding in 
plain sight. BMJ. 2016;352:i1981

23.	 Yang JK, Lin SS, Ji XJ, et al. Binding of SARS coronavirus to its receptor damages 
islets and causes acute diabetes. Acta Diabetol. 2010;47(3):193-9

24.	 Taneera J, El-Huneidi W, Hamad M, et al. Expression Profile of SARS-CoV-2 Host 
Receptors in Human Pancreatic Islets Revealed Upregulation of ACE2 in Diabetic 
Donors. 2020. Biology, 9(8), 215. https://doi.org/10.3390/biology9080215

25.	 Yao XH, Li TY, He ZC, et al. [A pathological report of three COVID-19 cases by 
minimal invasive autopsies]. Zhonghua Bing Li Xue Za Zhi. 2020;49(5):411-7

26.	 Zhang, RH., Zhou, JB., Cai, YH. et al. Non-linear association between diabetes 
mellitus and pulmonary function: a population-based study. Respir Res 21, 292 
(2020). https://doi.org/10.1186/s12931-020-01538-2

27.	 Zoungas S, Chalmers J, Ninomiya T, et al. ADVANCE Collaborative Group. 
Association of HbA1c levels with vascular complications and death in patients 
with type 2 diabetes: evidence of glycaemic thresholds. Diabetologia. 2012 
Mar;55(3):636-43. doi: 10.1007/s00125-011-2404-1. Epub 2011 Dec 21. PMID: 
22186981

28.	 Breitling LP. Evidence of non-linearity in the association of glycemic control with 
influenza/pneumonia mortality: a study of 19 000 adults from the US general pop-
ulation. Diabetes Metab Res Rev. 2016 Jan;32(1):111-20. doi: 10.1002/dmrr.2681. 
Epub 2015 Aug 20. PMID: 26179758

29.	 Cavero-Redondo I, Peleteiro B, Álvarez-Bueno C, et al. Glycated haemoglobin 
A1c as a risk factor of cardiovascular outcomes and all-cause mortality in diabetic 
and non-diabetic populations: a systematic review and meta-analysis. BMJ Open. 
2017 Jul 31;7(7):e015949. doi: 10.1136/bmjopen-2017-015949. PMID: 28760792; 
PMCID: PMC5642750

30.	 Use of Glycated Haemoglobin (HbA1c) in the Diagnosis of Diabetes Mellitus 
[Internet]. Who.int2021 [cited 2021 Apr 8];Available from: https://www.who.int/
diabetes/publications/report-hba1c_2011.pdf?ua=1

31.	 UK Diabates, Diagnostic criteria for diabetes [Internet]. Diabetes UK2021 [cited 
2021 Apr 8]; Available from: https://www.diabetes.org.uk/professionals/position-
statements-reports/diagnosis-ongoing-management-monitoring/new_diagnos-
tic_criteria_for_diabetes#:~:text=In%20patients%20without%20symptoms%20
of,or%20sooner%20if%20symptoms%20develop

References 
1.	 Mackenzie JS, Smith DW. COVID-19: a novel zoonotic disease caused by a 

coronavirus from China: what we know and what we don't. Microbiol Aust. 
2020:MA20013

2.	 Coronavirus Update (Live): 20,525,152 Cases and 745,960 Deaths from COV-
ID-19 Virus Pandemic - Worldometer [Internet]. Worldometers.info. 2020 [cited 
12 August 2020]. Available from: https://www.worldometers.info/coronavirus/ 

3.	 How many confirmed cases are there in your area? [Internet]. BBC News. 2020 
[cited 12 August 2020]. Available from: https://www.bbc.com/news/uk-51768274 

4.	 Tadic M, Cuspidi C, Mancia G, et al. COVID-19, hypertension and cardiovascular 
diseases: Should we change the therapy? Pharmacol Res. 2020;158:104906

5.	 Salazar M, Barochiner J, Espeche W, et al. [COVID-19 and its relationship with 
hypertension and cardiovascular disease]. Hipertens Riesgo Vasc. 2020;37(4):176-
80

6.	 Wang J, Yan R, Wen J, et al. Association of lower body mass index with increased 
glycemic variability in patients with newly diagnosed type 2 diabetes: a cross-sec-
tional study in China. Oncotarget. 2017;8(42):73133-73143. Published 2017 Apr 
14. doi:10.18632/oncotarget.17111 

7.	 World Health Organization. Abbreviated Report of a WHO Consultation. Ge-
neva: WHO; 2011. Use of Glycated Haemoglobin (HbA1c) in the Diagnosis of 
Diabetes Mellitus

8.	 Barron E, Bakhai C, Kar P, et al. Associations of type 1 and type 2 diabetes with 
COVID-19-related mortality in England: a whole-population study. Lancet Dia-
betes Endocrinol. 2020;8(10):813-22

9.	 Apicella M, Campopiano MC, Mantuano M, et al. COVID-19 in people with dia-
betes: understanding the reasons for worse outcomes. Lancet Diabetes Endocri-
nol. 2020;8(9):782-92

10.	 Merzon E, Green I, Shpigelman M, et al. Haemoglobin A1c is a predictor of CO-
VID-19 severity in patients with diabetes. Diabetes Metab Res Rev. 2020:e3398. 

11.	 Bode B, Garrett V, Messler J, et al. Glycemic Characteristics and Clinical Out-
comes of COVID-19 Patients Hospitalized in the United States. J Diabetes Sci 
Technol. 2020;14(4):813-21

12.	 Nalysnyk L, Hernandez-Medina M, Krishnarajah G. Glycaemic variability and 
complications in patients with diabetes mellitus: evidence from a systematic re-
view of the literature. Diabetes Obes Metab. 2010;12(4):288-98

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

14.	 Clinical Frailty Scale [Internet]. Dalhousie University. 2020 [cited 12 August 
2020]. Available from: https://www.dal.ca/sites/gmr/our-tools/clinical-frailty-
scale.html

15.	 UK D, HbA1c? W, confidence M, possible Y. What is HbA1c? [Internet]. Diabetes 
UK2021 [cited 2021 Apr 8]; Available from: https://www.diabetes.org.uk/guide-
to-diabetes/managing-your-diabetes/hba1c

16.	 World Health Organisation. Use of Glycated Haemoglobin (Hba1c) in the Diag-
nosis of Diabetes Mellitus. WHO/NMH/CHP/CPM/11.1 Available From: https://
www.who.int/diabetes/publications/report-hba1c_2011.pdf

17.	 Woloshin S, Patel N, Kesselheim AS. False Negative Tests for SARS-CoV-2 Infec-
tion - Challenges and Implications. N Engl J Med. 2020;383(6):e38




