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ABSTRACT
Objectives To investigate the association between 
baseline use of glucose- lowering drugs and serious clinical 
outcome among patients with type 2 diabetes.
Design Territory- wide retrospective cohort of confirmed 
cases of COVID- 19 between January 2020 and February 
2021.
Setting All public health facilities in Hong Kong.
Participants 1220 patients with diabetes who were 
admitted for confirmed COVID- 19.
Primary and secondary outcome measures Composite 
clinical endpoint of intensive care unit admission, 
requirement of invasive mechanical ventilation and/or in- 
hospital death.
Results In this cohort (median age 65.3 years, 54.3% 
men), 737 (60.4%) patients were treated with metformin, 
385 (31.6%) with sulphonylureas, 199 (16.3%) with 
dipeptidyl peptidase- 4 (DPP- 4) inhibitors and 273 
(22.4%) with insulin prior to admission. In multivariate 
Cox regression, use of metformin and DPP- 4 inhibitors 
was associated with reduced incidence of the composite 
endpoint relative to non- use, with respective HRs of 0.51 
(95% CI 0.34 to 0.77, p=0.001) and 0.46 (95% CI 0.29 to 
0.71, p<0.001), adjusted for age, sex, diabetes duration, 
glycated haemoglobin (HbA1c), smoking, comorbidities 
and drugs. Use of sulphonylureas (HR 1.55, 95% CI 1.07 
to 2.24, p=0.022) and insulin (HR 6.34, 95% CI 3.72 to 
10.78, p<0.001) were both associated with increased 
hazards of the composite endpoint.
Conclusions Users of metformin and DPP- 4 inhibitors 
had fewer adverse outcomes from COVID- 19 compared 
with non- users, whereas insulin and sulphonylurea might 
predict a worse prognosis.

INTRODUCTION
Patients with diabetes are more likely to have 
serious outcomes from coronavirus infections 
including severe acute respiratory syndrome 
(SARS), Middle- East respiratory syndrome 
(MERS) and COVID- 19.1–6 In a population- 
based analysis of in- hospital fatalities due to 
COVID- 19 in the UK, type 1 diabetes and type 
2 diabetes were associated with increased odds 
of 3.5 and 2.0 for death, adjusted for age, sex 

and sociodemographic factors.6 The excess 
deaths might be related to co- occurrence of 
other medical conditions such as obesity and 
cardiovascular diseases that are independent 
risk factors for adverse outcomes.7–10 Further-
more, diabetes gives rise to aberrant inflam-
matory responses which predispose to more 
intense lung infiltration, cytokine storm and 
multiorgan failure.11 Proinflammatory indica-
tors such as interleukin (IL)- 6, IL- 2 receptor, 
procalcitonin, tumour necrosis factor-α and 
C reactive protein (CRP) levels are generally 
higher in patients with diabetes compared 
with those without diabetes.12

Several glucose- lowering drug classes have 
immunomodulatory effects. Metformin acti-
vates AMP- activated protein kinase (AMPK) 
which in turn suppresses a number of inflam-
matory pathways including nuclear factor 
kappa B and mammalian target of rapa-
mycin.13 14 Activation of AMPK also stabilises 
ACE 2, the vasodilator effect of which improve 
organ blood flow and may protect against 
lung injury.15 Both observational cohort 
and randomised controlled studies reported 

Strengths and limitations of this study

 ► This cohort study included over 95% of all patients 
with COVID- 19 in Hong Kong in the study period.

 ► Statistical methods including multivariable adjust-
ment and propensity score weighting have been 
adopted to adjust for important confounders of the 
clinical endpoints.

 ► The study is an observational retrospective cohort 
study with inherent limitations related to unmea-
sured confounding.

 ► The study is not able to infer causality given the 
likelihood of confounding by indication, for example, 
with respect to metformin and insulin use.

 ► We reported data in Chinese people and our results 
cannot be generalised to other ethnic groups.
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reduced risks of pneumonia and other infections with 
metformin therapy.16 17 Dipeptidyl peptidase- 4 (DPP- 4), 
also known as cluster of differentiation 26, is expressed 
in immune cells and is implicated in the regulation of 
adaptive immunity.18 In a case–control study of patients 
with COVID- 19, in- hospital treatment with sitagliptin was 
linked to improved survival and other measures of clin-
ical outcome.19 However, the beneficial effects of DPP- 4 
inhibitors have not been supported by other studies.20–22 
In a territory- wide retrospective cohort of confirmed cases 
of COVID- 19 between January 2020 and February 2021, 
we investigated the association between baseline use of 
glucose- lowering drugs and serious clinical outcomes 
among patients with type 2 diabetes.

METHODS
Setting and patients
The Hong Kong Hospital Authority (HA) governs all 
public hospitals and general outpatient departments in 
the territory and provides care for approximately 80% 
of local residents.23 Given the high cost differential in 
healthcare between the public and private sector with 
the private sector being significantly more expensive, 
people who use health services in the private sector are 
usually at a more favourable socioeconomic position. 
Since the beginning of the pandemic, all cases of COVID- 
19, including symptomatic cases presented to outpatient 
clinics or hospitals, asymptomatic contacts of confirmed 
cases and inbound travellers, were admitted to HA 
healthcare facilities. Clinical data including past medical 
diagnoses, drug prescription records, laboratory results, 
admission records and vital status were captured in the 
Clinical Data Analysis and Reporting System (CDARS), 
an electronic medical record system used in the Hong 
Kong HA. We retrieved data of all patients presented 
with COVID- 19 who admitted between 23 January 2020 
(the first case in Hong Kong) and 28 February 2021.24 All 
patient data were anonymised to ensure confidentiality. 
Patients aged below 18 years were excluded.

Data collection
Patients with COVID- 19 were identified based on posi-
tive SARS- CoV- 2 PCR in nasopharyngeal swab in any one 
of the HA laboratories.25 For each patient, we obtained 
demographic data (age, sex), relevant diagnoses using 
International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD- 9- CM) codes, drug prescrip-
tion record for at least 12 months before admission, 
laboratory results for plasma glucose, glycated haemo-
globin (HbA1c) and lipid profile for at least 12 months 
before admission, as well as plasma glucose, kidney func-
tion, liver function, inflammatory markers, haematology 
and coagulation study on the day of admission. Progress 
during admission including treatment with corticoste-
roid, intravenous immunoglobulin, antiviral therapy, 
antifungal therapy, antibiotic therapy, mechanical venti-
lation and transfer to intensive care unit (ICU) were also 

retrieved. Patients were followed from the date of diag-
nosing COVID- 19 until discharge from hospital or death. 
Data capture was censored on 24 April 2021.

Definition and outcome
A patient was classified to have type 2 diabetes if he or 
she fulfilled one or more of the following criteria within 
12 months before admission: use of non- insulin glucose- 
lowering drugs for at least 1 day, continuous use of insulin 
for ≥28 days, HbA1c ≥6.5% in any one measurement, 
fasting plasma glucose ≥7.0 mmol/L in any one measure-
ment and/or diagnosis code of type 2 diabetes based on 
ICD- 9- CM.

Baseline use of glucose- lowering drugs, including 
metformin, sulphonylureas (glibenclamide, gliclazide, 
glimepiride, glipizide), DPP- 4 inhibitors (alogliptin, lina-
gliptin, saxagliptin, sitagliptin, vildagliptin) and insulin, 
was identified based on prescription record of the respec-
tive drug. Patients were considered to be baseline users if 
a prescription record was found within 12 months before 
and up to the day of admission. Patients were considered 
to be non- users if a prescription record was not found 
within 12 months before admission, on the day of and 
during admission. We have not set a minimum exposure 
time to define users because patients who attended the 
private sector for diabetes treatment would not have any 
prescription records in the HA CDARS before admission, 
but they would have a prescription record on the day of 
admission indicating their preadmission use of the drug. 
The proportion of patients receiving medical care in the 
private sector is around 10%.23

Relevant comorbidities were identified as follows: 
hypertension was defined as the use of blood pressuring 
lowering drugs within 12 months before admission 
and/or ICD- 9- CM code of hypertension (online supple-
mental table 1); chronic kidney disease was defined as 
having an estimated glomerular filtration rate <60 mL/
min/1.73 m2 as determined using the Chronic Kidney 
Disease Epidemiology Collaboration equation within 12 
months prior to admission and/or ICD- 9- CM codes of 
kidney diseases (online supplemental table 1); chronic 
liver disease, coronary heart disease, congestive heart 
failure, cerebrovascular disease, chronic obstructive 
airway disease and cancer were defined based on ICD- 
9- CM codes (online supplemental table 1). The use of 
ICD- 9- CM codes in CDARS to identify medical condi-
tions has been shown to be 99% accurate when refer-
enced to clinical, laboratory, imaging and endoscopy 
results from the electronic medical records.26 Clinical 
endpoints included ICU admission, mechanical venti-
lation, in- hospital death and composite endpoint of 
ICU admission, mechanical ventilation and/or in- hos-
pital death. For the composite endpoint, patients were 
followed from the date of diagnosing COVID- 19 until the 
date of ICU admission, use of mechanical ventilation, 
in- hospital death or discharge from hospital, whichever 
came first. For the individual clinical endpoint, patients 
were followed from the date of diagnosing COVID- 19 

https://dx.doi.org/10.1136/bmjopen-2021-052310
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until the date of the occurrence of that individual clin-
ical endpoint or discharge from hospital, whichever 
came first.

Statistical analysis
Analysis was conducted using R software (V.4.0.0). 
Continuous variables were expressed as mean±SD or 
median (IQR), as appropriate, and categorical vari-
ables as number (percentages). Between- group compar-
ison was conducted by χ2 test for categorical variables, 
Student’s t- test for normally distributed continuous vari-
ables, and Kruskal- Wallis test for continuous variables 
with skewed distribution. Clinical characteristics were 
compared between users and non- users of metformin, 
sulphonylureas (glibenclamide, gliclazide, glimepiride, 
glipizide), DPP- 4 inhibitors (alogliptin, linagliptin, 
saxagliptin, sitagliptin, vildagliptin) and insulin. Due to 
small number, use of thiazolidinediones, glucagon- like 
peptide- 1 receptor agonists and sodium- glucose trans-
port protein 2 inhibitors were not tested. Multivariate 
Cox regression was conducted to derive the HRs and 
95% CIs of use versus non- use of metformin, sulpho-
nylureas, DPP- 4 inhibitors and insulin for primary and 
secondary clinical endpoints. The multivariate Cox 
model was adjusted for age, sex, diabetes duration, 
smoking, HbA1c, comorbidities (history of hypertension, 
coronary heart disease, congestive heart failure, cerebro-
vascular disease, chronic kidney disease, chronic liver 
disease, chronic obstructive airway disease and cancer), 
baseline use of other glucose- lowering drugs, statins 
and renin–angiotensin–aldosterone system (RAAS) 
inhibitors and in- hospital use of other glucose- lowering 
drugs. The multivariate Cox regression was limited to 
patients with available HbA1c measurement (n=886) in 
whom the latest HbA1c obtained within 12 months of 
hospital admission was used. The selection of variables 
was based on known or possible link between these vari-
ables and clinical endpoints. Due to the small propor-
tion of patients with available data on body mass index 
(BMI) (9.3%), BMI was not included in the multivariate 
Cox regression model. In a sensitivity analysis, we gener-
ated propensity scores for glucose- lowering drug use 
using logistic regression model that contained age, sex, 
smoking, diabetes duration, comorbidities and baseline 
use of other glucose lowering drugs, statins and RAAS 
inhibitors using the overlap propensity score weighting 
method.27 The weights were included in the multivariate 
Cox models to balance the differences in patient charac-
teristics between glucose- lowering drug use groups. We 
also repeated the multivariate Cox regression excluding 
patients whose diabetes status was established by a single 
fasting plasma glucose measurement only, as these 
patients might not have diabetes.

Patient and public involvement
There was no patient of public involvement.

RESULTS
Baseline clinical characteristics by glucose lowering drug 
classes
Of 9839 adult patients with COVID- 19, 1220 patients 
(12.4%) had type 2 diabetes. Patients with diabetes were 
older, had a male preponderance and higher frequen-
cies of comorbidities than those without diabetes (online 
supplemental table 2). In patients with diabetes, 737 
(60.4%) were treated with metformin, 385 (31.6%) with 
sulphonylureas, 199 (16.3%) with DPP- 4 inhibitors and 
273 (22.4%) with insulin at baseline. Generally, users 
of each of the glucose- lowering drug class had longer 
diabetes duration and higher HbA1c levels than non- 
users of the respective drug class, whereas BMI did not 
differ (table 1). Metformin users were younger and 
users of insulin and DPP- 4 inhibitors were older than 
their respective non- users, while no age difference was 
detected between users and non- users of sulphonylureas 
(table 1). Coronary heart disease and heart failure were 
less common in metformin users and more common in 
insulin users when compared with their respective non- 
users (table 1). Chronic kidney disease was also less 
common in metformin users but more prevalent among 
users than non- users of other glucose- lowering drug 
classes (table 1).

Markers of disease severity and outcome by glucose lowering 
drug classes
On admission, random plasma glucose levels were higher 
in users than non- users of most oral glucose- lowering 
drugs, except for DPP- 4 inhibitors (online supple-
mental table 3). In addition, metformin users had higher 
lymphocyte count, lower alkaline phosphatase levels and 
lactate dehydrogenase (LDH) levels than metformin non- 
users (online supplemental table 3). Users of sulphony-
lureas had higher CRP levels and total white cell count, 
and users of DPP- 4 inhibitors had higher total white 
cell count compared with respective non- users (online 
supplemental table 3). Insulin users had higher plasma 
glucose levels, higher levels of most inflammatory markers 
including LDH, CRP, erythrocyte sedimentation rate and 
procalcitonin, and lower lymphocyte count than insulin 
non- users (online supplemental table 3).

There were overall no differences in the proportion 
of patients receiving most types of antimicrobial therapy, 
corticosteroid and intravenous immunoglobulin between 
users and non- users of metformin, sulphonylureas and 
DPP- 4 inhibitors, with the exception of less frequent 
administration of antibiotics among metformin users 
and more frequent use of antifungal therapy among 
users of sulphonylureas and DPP- 4 inhibitors (online 
supplemental table 3). Insulin users were more likely to 
be treated with antimicrobial therapy and corticosteroid 
than non- users (online supplemental table 3).

During admission, 235 patients (19.3%) developed 
composite primary endpoint, 187 patients (15.3%) were 
transferred to ICU, 110 patients (9.0%) required mechan-
ical ventilation, and 90 patients (7.4%) died. Fewer 

https://dx.doi.org/10.1136/bmjopen-2021-052310
https://dx.doi.org/10.1136/bmjopen-2021-052310
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https://dx.doi.org/10.1136/bmjopen-2021-052310
https://dx.doi.org/10.1136/bmjopen-2021-052310
https://dx.doi.org/10.1136/bmjopen-2021-052310
https://dx.doi.org/10.1136/bmjopen-2021-052310
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metformin users reached composite endpoint (propor-
tions: 17.2% vs 27.6%, p=0.001; incidence rates: 4914.1 
vs 6633.4 per 1000 person- year, p=0.043) or died (propor-
tions: 6.0% vs 17.3%, p<0.001; incidence rates: 1258.8 vs 
2946.5 per 1000 person- year, p<0.001) compared with 
non- users (table 2, online supplemental table 4). Users 
of sulphonylureas and insulin were more likely than 
non- users to reach composite endpoint, required ICU 
admission and mechanical ventilation, and insulin users 
were also more likely to die than non- users (table 2, 
online supplemental table 4). The proportion of patients 
developing primary or secondary endpoints were similar 
between users and non- users of DPP- 4 inhibitors (table 2, 
online supplemental table 4).

Association between preadmission use of glucose lowering 
drugs and clinical outcome
In multivariate Cox regression model, baseline use 
of metformin was associated with reduced hazards of 
composite endpoint of ICU admission, mechanical venti-
lation and/or in- hospital death (adjusted HR 0.51 (95% 
CI 0.34 to 0.77), p=0.001) and individual endpoints of 
ICU admission (adjusted HR 0.53 (95% CI 0.33 to 0.86), 
p=0.010), mechanical ventilation (adjusted HR 0.51 (95% 
CI 0.27 to 0.97), p=0.041) and in- hospital death (adjusted 
HR 0.51 (95% CI 0.27 to 0.97), p=0.039) relative to 
non- use (table 3). Baseline use of DPP- 4 inhibitors was 
associated with reduced hazards of composite endpoint 
(adjusted HR 0.46 (95% CI 0.29 to 0.71), p<0.001) and 
ICU admission (adjusted HR 0.45 (95% CI 0.28 to 0.74). 
p=0.002) (table 3). Use of sulphonylureas (adjusted 
HR 1.55 (95% CI 1.07 to 2.24), p=0.022) and insulin 
(adjusted HR 6.34 (95% CI 3.72 to 10.78), p<0.001) were 
both associated with increased hazards of the composite 
endpoint (table 3). Sensitivity analysis using multivariate 
Cox regression with propensity score weighting yielded 
similar findings (online supplemental table 5). Exclusion 
of patients who were identified as having diabetes based 
on a single fasting plasma glucose measurement (n=25) 
had minimal effect on the results (online supplemental 
table 6).

DISCUSSION
In a territory- wide cohort of patients with diabetes 
presented with COVID- 19, we showed that preadmis-
sion use of metformin and DPP- 4 inhibitors was linked 
to reduced risks of serious outcome, whereas the use of 
sulphonylureas and insulin was associated with a worse 
prognosis. Our findings corroborate and extend the 
results of previous studies and suggest a possible protec-
tive role of metformin and DPP- 4 inhibitors against 
severe respiratory tract infection. The strength of our 
study includes the unbiased nature of the cohort as the 
database captured all patients with COVID- 19 in Hong 
Kong. Both symptomatic and asymptomatic patients 
were admitted to healthcare facilities and their clinical 
data were included in the present analysis. Furthermore, N
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the use of a universal electronic medical record for drug 
prescription ensures that we have accurately classified use 
and non- use of different glucose- lowering drug classes.

Metformin, infection and COVID-19
Several observational studies in patients hospital-
ised with COVID- 19 reported the association between 
metformin use and death and other measures of adverse 
outcome.22 28–31 In a nationwide study conducted in 
England including 2.85 million patients with type 2 
diabetes among whom 13 479 had a record of COVID- 
19- related deaths, those prescribed metformin had fewer 
deaths with adjusted HR 0.77 when compared with those 
not prescribed metformin.22 In another study of 6256 
patients (mean age 75 years) with either type 2 diabetes or 
obesity admitted with COVID- 19 in the USA, metformin 
use was found to reduce the risk of death in women with 
HR 0.79 adjusted for age and comorbidities although 
no effect was observed in men.28 Two meta- analyses also 
noted a protective effect of metformin with pooled ORs 
of around 0.6 for mortality from COVID- 19.32 33 However, 
in an analysis of 1317 patients (mean age 70 years) with 
COVID- 19 and diabetes in France, metformin was asso-
ciated with fewer deaths in univariate but not in multi-
variate analysis.7 Similarly, among 1297 patients (mean 
age 75 years) with diabetes hospitalised for COVID- 19 
in Spain, the group on metformin were less likely to die 
and/or require ICU admission or mechanical ventilation 
than non- users, but no difference was detected when the 
two groups were propensity matched for demographics, 
comorbidities and drugs.20 In this study, we found that 
metformin was associated with 50% reduction in the risk 
of in- hospital deaths and 50% reduction in the risk of 
composite clinical endpoint. The inconsistency in find-
ings between studies could be due to a number of factors, 
including but not limited to differences in age and disease 
characteristics of the patient cohorts and in the statis-
tical methods used to examine drug effects. One of the 
limitations of our study is the high proportion of patients 
with missing information on anthropometric measures 
and we did not include these variables in multivariate 
adjustment. Previous studies have reported a U- shape 
relationship between BMI and deaths from COVID- 19 in 
people with and without diabetes.34 35 Obesity alters the 
mechanics of the lungs and chest wall which increases 
the susceptibility to respiratory failure during infection. 
Furthermore, confounding by indication remained an 
important source of bias in our study as patients who 
were not prescribed metformin might have other medical 
conditions, for example, malnutrition, kidney or liver 
diseases, that contraindicated the use of metformin and 
conferred a poorer prognosis from COVID- 19.36 None-
theless, our results are in line with most other studies 
suggesting possible benefits of metformin, or at least no 
evidence of harm, in patients with type 2 diabetes afflicted 
by COVID- 19.

The immunomodulatory action of metformin has been 
demonstrated in cell and animal models as well as in Ta
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human studies, and is independent of the metabolic func-
tion of the drug.13 In a recent randomised control trial of 
53 patients taking systemic glucocorticoid for inflamma-
tory diseases, those assigned metformin had reduced levels 
of high sensitivity CRP and neutrophil counts, accompa-
nied by lower frequencies of pneumonia and moderate- 
to- severe infection than the placebo arm over a 12- week 
period.37 In this study, metformin users had lower LDH 
levels and higher lymphocyte counts on admission than 
non- users. In infected patients, metformin may dampen 
the exaggerated immune reaction to SARS- CoV- 2 which 
is causal for the development of severe lung injury and 
cytokine storms associated with type 2 diabetes.11

DPP-4 inhibitors and COVID-19
Dipeptidyl- peptidase- 4 inhibitors have pleiotropic effects 
on the immune system and the effect of this drug class 
as an ancillary treatment of inflammatory diseases such 
as rheumatoid arthritis and viral infections have been 
previously examined.18 Moreover, DPP- 4 is a known 
receptor for MERS- CoV in human. It has been speculated 
that DPP- 4 may also mediate the entry of SARS- CoV- 2, 
although the evidences for this are yet to be consoli-
dated.38 39 In an Italian study of 338 patients with diabetes 
admitted with COVID- 19, in- hospital initiation of sita-
gliptin reduced deaths by 56% and ICU admission by 
49%.19 Another case series in Italy including 90 patients 
with diabetes reported fewer COVID- 19- related deaths 
among prevalent users of DPP- 4 inhibitors adjusted for 
age and sex.40 In this study, baseline use of DPP- 4 inhibi-
tors was associated with reduced risk of composite clinical 
endpoint although in- hospital deaths were not reduced. 
Notably, several observational studies and a meta- analysis 
did not find an association between DPP- 4 inhibitors and 
complications from COVID- 19.20 21 41 In particular, in the 
large study conducted in England, COVID- 19- related- 
deaths occurred more frequently in patients prescribed 

DPP- 4 inhibitors.22 Differences in statistical procedures 
may account for the inconsistent findings. Further studies 
are needed to investigate whether long- term exposure 
of this drug class can improve prognosis of coronavirus 
infection.

Insulin and COVID-19
We revealed a positive relationship between pre- admission 
insulin use and composite clinical outcome, driven mainly 
by increased hazards for ICU admission and mechanical 
ventilation among insulin users. Our results are consis-
tent with several other studies suggesting that insulin 
use may predict a worse outcome from COVID- 19.20 42 
Insulin therapy is usually initiated late in the diabetes 
continuum and it is very possible that the positive asso-
ciation between insulin use and adverse outcome was 
due to incomplete statistical removal of confounding by 
indication. In this study, insulin users were significantly 
older and were more likely to have premorbid kidney and 
cardiovascular diseases. On admission, insulin users also 
had higher inflammatory markers and lower lymphocyte 
counts which are important severity indicators. Although 
insulin therapy is deemed the most appropriate glucose- 
lowering option during acute illnesses, high level of vigi-
lance should be maintained in managing patients on 
chronic insulin therapy who have a greater likelihood of 
deterioration.

Sulphonylurea and COVID-19
The risk association between sulphonylureas and in- hos-
pital death was less expected and not well explained. 
In Hong Kong, sulphonylureas is widely prescribed as a 
second- line drug after metformin. In the present cohort, 
the frequencies of comorbidities were mostly balanced 
between users and non- users of sulphonylureas with 
the exception of a higher prevalence of chronic kidney 
disease among users. Previous studies on COVID- 19 did 

Table 3 Multivariate Cox regression for the association between baseline use of glucose lowering drugs and clinical outcome

Metformin Sulphonylureas DPP- 4 inhibitors Insulin

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

ICU 
admission

0.53 (0.33 to 
0.86)

0.01 1.45 (0.96 to 2.19) 0.074 0.45 (0.28 to 0.74) 0.002 10.95 (5.5 to 21.8) <0.001

Mechanical 
ventilation

0.51 (0.27 to 
0.97)

0.041 1.35 (0.78 to 2.36) 0.286 0.57 (0.29 to 1.11) 0.098 21.99 (4.85 to 99.6) <0.001

In- hospital 
death

0.51 (0.27 to 
0.97)

0.039 2.42 (1.25 to 4.7) 0.009 0.70 (0.35 to 1.39) 0.304 2.86 (1.09 to 7.48) 0.033

ICU 
admission, 
mechanical 
ventilation 
and/or in- 
hospital death

0.51 (0.34 to 
0.77)

0.001 1.55 (1.07 to 2.24) 0.022 0.46 (0.29 to 0.71) <0.001 6.34 (3.72 to 10.78) <0.001

Adjusted for age, sex, smoking, diabetes duration, HbA1c level, comorbidities (hypertension, coronary heart disease, heart failure, 
cerebrovascular disease, chronic kidney disease, chronic liver disease, chronic obstructive airway disease, cancer), preadmission use of 
other glucose- lowering drugs, statins and RAAS inhibitors, and in- hospital use of other glucose- lowering drugs.
DPP- 4, dipeptidyl peptidase- 4; HbA1c, glycated haemoglobin; ICU, intensive care unit; RAAS, renin–angiotensin–aldosterone system.



8 Luk AOY, et al. BMJ Open 2021;11:e052310. doi:10.1136/bmjopen-2021-052310

Open access 

not show harm associated with sulphonylurea use. Glybu-
ride has been shown to suppress the immune system 
but studies on the use of sulphonylurea with infection 
outcome have produced mixed results.43

LIMITATIONS
We acknowledge the following limitations. This was an 
observational cohort study with inherent limitations 
related to unmeasured confounding. Metabolic parame-
ters including BMI were not available in a large propor-
tion of patients and these variables were not included in 
the statistical adjustment. Among people with available 
BMI data, the mean BMI did not differ between users 
and non- users of glucose- lowering drug classes. Hence, 
we would speculate that the lack of adjustment for BMI 
in the Cox regression would not have made significant 
impact on the results. Despite statistical efforts to adjust 
for comorbidities, we could not fully address residual 
confounding by drug indication. In this connection, our 
results cannot be taken to infer causality between drug 
use and clinical outcome. Although we have included 
over 95% of all patients with COVID- 19 in Hong Kong, 
the size of our cohort was relatively small. We reported 
data in Chinese people and our results cannot be gener-
alised to other ethnic groups.

CONCLUSION
In this retrospective cohort of Chinese with type 2 
diabetes, background use of metformin and DPP- 4 inhib-
itors was associated with fewer complications of COVID- 
19, whereas insulin and sulphonylureas predicted a worse 
prognosis. Given the increased risk for serious infection 
in patients with diabetes, drugs with off- target action in 
immune pathways could be further evaluated for poten-
tial new application beyond the ambit of their original 
indication and assessed for use in modifying outcome 
from infectious diseases.

Twitter Grace Lai- Hung Wong @wonglaihung

Contributors AOYL and TCFY contributed to conception of the article, results 
interpretation, drafted the manuscript and approved the final version. GL- HW 
contributed to conception of the article, data acquisition and approved the final 
version. XZ contributed to conception of the article, statistical analysis and approved 
the final version. APSK, VW- SW and RCWM contributed to conception of the article 
and approved the final version. GL- HW is the guarantor of this work, has full access 
to all the data in the study and takes responsibility for the integrity of the data and 
the accuracy of the data analysis.

Funding This study was funded by Health and Medical Research Fund (Grant 
number: COVID1903002).

Competing interests AOYL has served as a member of advisory panel for 
Amgen, AstraZeneca, Boehringer Ingelheim and Sanofi and received research 
support from Amgen, Asia Diabetes Foundation, Bayer, Boehringer Ingelheim, Lee’s 
Pharmaceutical, MSD, Novo Nordisk, Roche, Sanofi, Sugardown, Takeda. TCFY has 
served as an advisory committee member and a speaker for Gilead Sciences. APSK 
has received research grants and/or speaker honoraria from Abbott, Astra Zeneca, 
Bayer, Boehringer Ingelheim, Eli- Lilly, Merck Serono, Nestle, Novo Nordisk, Pfizer 
and Sanofi. VW- SW has served as an advisory committee member for 3V- BIO, 
AbbVie, Allergan, Boehringer Ingelheim, Echosens, Gilead Sciences, Intercept, 
Janssen, Novartis, Novo Nordisk, Perspectum Diagnostics, Pfizer, TARGET- NASH 

and Terns; and a speaker for Bristol- Myers Squibb, Echosens, Gilead Sciences and 
Merck. He has also received a research grant from Gilead Sciences. RCWM has 
received research funding from AstraZeneca, Bayer, Merck Sharp & Dohme, Novo 
Nordisk, Pfizer and Tricida Inc. for carrying out clinical trials, and has received 
speaker honorarium or consultancy in advisory boards from AstraZeneca, Bayer and 
Boehringer Ingelheim. All proceeds have been donated to the Chinese University 
of Hong Kong to support diabetes research. GL- HW has served as an advisory 
committee member for Gilead Sciences and Janssen, as a speaker for Abbott, 
Abbvie, Bristol- Myers Squibb, Echosens, Furui, Gilead Sciences, Janssen and 
Roche, and received research grant from Gilead Sciences.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by an 
Ethics Committee(s) or Institutional Board(s): The Joint Chinese University of Hong 
Kong- New Territories East Cluster Clinical Research Ethics Committee (the Joint 
CUHK- NTEC CREC), reference number: 2021.239.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement No data are available. No additional data are 
available.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Grace Lai- Hung Wong http://orcid.org/0000-0002-2863-9389

REFERENCES
 1 Assiri A, Al- Tawfiq JA, Al- Rabeeah AA, et al. Epidemiological, 

demographic, and clinical characteristics of 47 cases of middle 
East respiratory syndrome coronavirus disease from Saudi Arabia: a 
descriptive study. Lancet Infect Dis 2013;13:752–61.

 2 Yang JK, Feng Y, Yuan MY, et al. Plasma glucose levels and diabetes 
are independent predictors for mortality and morbidity in patients 
with SARS. Diabet Med 2006;23:623–8.

 3 Guan W- J, Ni Z- Y, Hu Y, et al. Clinical characteristics of coronavirus 
disease 2019 in China. N Engl J Med 2020;382:1708–20.

 4 Wu J, Zhang J, Sun X, et al. Influence of diabetes mellitus on the 
severity and fatality of SARS- CoV- 2 (COVID- 19) infection. Diabetes 
Obes Metab 2020;22:1907–14.

 5 Grasselli G, Greco M, Zanella A, et al. Risk factors associated with 
mortality among patients with COVID- 19 in intensive care units in 
Lombardy, Italy. JAMA Intern Med 2020;180:1345–55.

 6 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 Diabetes Endocrinol 2020;8:813–22.

 7 Cariou B, Hadjadj S, Wargny M, et al. Phenotypic characteristics 
and prognosis of inpatients with COVID- 19 and diabetes: the 
CORONADO study. Diabetologia 2020;63:1500–15.

 8 Agarwal S, Schechter C, Southern W, et al. Preadmission 
diabetes- specific risk factors for mortality in hospitalized patients 
with diabetes and coronavirus disease 2019. Diabetes Care 
2020;43:2339–44.

 9 Hendren NS, de Lemos JA, Ayers C, et al. Association of body 
mass index and age with morbidity and mortality in patients 
hospitalized with COVID- 19: results from the American heart 
association COVID- 19 cardiovascular disease registry. Circulation 
2021;143:135–44.

 10 Cummings MJ, Baldwin MR, Abrams D, et al. Epidemiology, clinical 
course, and outcomes of critically ill adults with COVID- 19 in New 
York City: a prospective cohort study. Lancet 2020;395:1763–70.

https://twitter.com/wonglaihung
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-2863-9389
http://dx.doi.org/10.1016/S1473-3099(13)70204-4
http://dx.doi.org/10.1111/j.1464-5491.2006.01861.x
http://dx.doi.org/10.1056/NEJMoa2002032
http://dx.doi.org/10.1111/dom.14105
http://dx.doi.org/10.1111/dom.14105
http://dx.doi.org/10.1001/jamainternmed.2020.3539
http://dx.doi.org/10.1016/S2213-8587(20)30272-2
http://dx.doi.org/10.1007/s00125-020-05180-x
http://dx.doi.org/10.2337/dc20-1543
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.051936
http://dx.doi.org/10.1016/S0140-6736(20)31189-2


9Luk AOY, et al. BMJ Open 2021;11:e052310. doi:10.1136/bmjopen-2021-052310

Open access

 11 Mauvais- Jarvis F. Aging, male sex, obesity, and metabolic 
inflammation create the perfect storm for COVID- 19. Diabetes 
2020;69:1857–63.

 12 Yan Y, Yang Y, Wang F, et al. Clinical characteristics and outcomes of 
patients with severe covid- 19 with diabetes. BMJ Open Diabetes Res 
Care 2020;8:e001343.

 13 Foretz M, Guigas B, Bertrand L, et al. Metformin: from mechanisms 
of action to therapies. Cell Metab 2014;20:953–66.

 14 Cameron AR, Morrison VL, Levin D, et al. Anti- inflammatory effects of 
metformin irrespective of diabetes status. Circ Res 2016;119:652–65.

 15 Zhang J, Dong J, Martin M, et al. Amp- Activated protein kinase 
phosphorylation of angiotensin- converting enzyme 2 in endothelium 
mitigates pulmonary hypertension. Am J Respir Crit Care Med 
2018;198:509–20.

 16 Liang H, Ding X, Li L, et al. Association of preadmission metformin 
use and mortality in patients with sepsis and diabetes mellitus: a 
systematic review and meta- analysis of cohort studies. Crit Care 
2019;23:50.

 17 Zhang M, He J- Q. Impacts of metformin on tuberculosis incidence 
and clinical outcomes in patients with diabetes: a systematic review 
and meta- analysis. Eur J Clin Pharmacol 2020;76:149–59.

 18 Shao S, Xu Q, Yu X, et al. Dipeptidyl peptidase 4 inhibitors and 
their potential immune modulatory functions. Pharmacol Ther 
2020;209:107503.

 19 Solerte SB, D'Addio F, Trevisan R, et al. Sitagliptin treatment at 
the time of hospitalization was associated with reduced mortality 
in patients with type 2 diabetes and COVID- 19: a multicenter, 
case- control, retrospective, observational study. Diabetes Care 
2020;43:2999–3006.

 20 Pérez- Belmonte LM, Torres- Peña JD, López- Carmona MD, et al. 
Mortality and other adverse outcomes in patients with type 2 
diabetes mellitus admitted for COVID- 19 in association with glucose- 
lowering drugs: a nationwide cohort study. BMC Med 2020;18:359.

 21 Fadini GP, Morieri ML, Longato E, et al. Exposure to dipeptidyl- 
peptidase- 4 inhibitors and COVID- 19 among people with 
type 2 diabetes: a case- control study. Diabetes Obes Metab 
2020;22:1946–50.

 22 Khunti K, Knighton P, Zaccardi F, et al. Prescription of glucose- 
lowering therapies and risk of COVID- 19 mortality in people with 
type 2 diabetes: a nationwide observational study in England. Lancet 
Diabetes Endocrinol 2021;9:293–303.

 23 Census and Statistic Department. Thematic household survey report 
No. 50. Hong Kong SAR: census and statistics department, 2013. 
Available: https://www.statistics.gov.hk/pub/B11302502013XXXX 
B0100.pdf [Accessed 03 Feb 2021].

 24 Yip TC- F, Lui GC- Y, Wong VW- S, et al. Liver injury is independently 
associated with adverse clinical outcomes in patients with 
COVID- 19. Gut 2021;70:733–42.

 25 Lui GC- Y, Yip TC- F, Wong VW- S, et al. Significantly lower case- 
fatality ratio of coronavirus disease 2019 (COVID- 19) than severe 
acute respiratory syndrome (SARS) in Hong Kong- A Territory- Wide 
cohort study. Clin Infect Dis 2021;72:e466–75.

 26 Wong JC- T, Chan HL- Y, Tse Y- K, et al. Statins reduce the risk of liver 
decompensation and death in chronic viral hepatitis: a propensity 
score weighted landmark analysis. Aliment Pharmacol Ther 
2017;46:1001–10.

 27 Li F, Thomas LE, Li F. Addressing extreme propensity scores via the 
overlap weights. Am J Epidemiol 2019;188:250–7.

 28 Bramante CT, Ingraham NE, Murray TA, et al. Observational study 
of metformin and risk of mortality in patients hospitalized with 
Covid- 19. medRxiv 2020:2020.06.19.20135095.

 29 Lally MA, Tsoukas P, Halladay CW, et al. Metformin is associated with 
decreased 30- day mortality among nursing home residents infected 
with SARS- CoV2. J Am Med Dir Assoc 2021;22:193–8.

 30 Crouse A, Grimes T, Li P, et al. Metformin use is associated with 
reduced mortality in a diverse population with COVID- 19 and 
diabetes. medRxiv 2020:2020.07.29.20164020.

 31 Do JY, Kim SW, Park JW, et al. Is there an association between 
metformin use and clinical outcomes in diabetes patients with 
COVID- 19? Diabetes Metab 2021;47:S1262–3636.

 32 Lukito AA, Pranata R, Henrina J, et al. The effect of metformin 
consumption on mortality in hospitalized COVID- 19 patients: 
a systematic review and meta- analysis. Diabetes Metab Syndr 
2020;14:2177–83.

 33 Kow CS, Hasan SS. Mortality risk with preadmission metformin use 
in patients with COVID- 19 and diabetes: a meta- analysis. J Med Virol 
2021;93:695–7.

 34 Gao M, Piernas C, Astbury NM, et al. Associations between body- 
mass index and COVID- 19 severity in 6·9 million people in England: 
a prospective, community- based, cohort study. Lancet Diabetes 
Endocrinol 2021;9:350–9.

 35 Holman N, Knighton P, Kar P, et al. Risk factors for COVID- 19- related 
mortality in people with type 1 and type 2 diabetes in England: 
a population- based cohort study. Lancet Diabetes Endocrinol 
2020;8:823–33.

 36 Wong GL- H, Wong VW- S, Thompson A, et al. Management of 
patients with liver derangement during the COVID- 19 pandemic: 
an Asia- Pacific position statement. Lancet Gastroenterol Hepatol 
2020;5:776–87.

 37 Pernicova I, Kelly S, Ajodha S, et al. Metformin to reduce 
metabolic complications and inflammation in patients on systemic 
glucocorticoid therapy: a randomised, double- blind, placebo- 
controlled, proof- of- concept, phase 2 trial. Lancet Diabetes 
Endocrinol 2020;8:278–91.

 38 Raj VS, Mou H, Smits SL, et al. Dipeptidyl peptidase 4 is a functional 
receptor for the emerging human coronavirus- EMC. Nature 
2013;495:251–4.

 39 Strollo R, Pozzilli P. Dpp4 inhibition: preventing SARS- CoV- 2 
infection and/or progression of COVID- 19? Diabetes Metab Res Rev 
2020;36:e3330.

 40 Mirani M, Favacchio G, Carrone F, et al. Impact of comorbidities 
and glycemia at admission and dipeptidyl peptidase 4 inhibitors 
in patients with type 2 diabetes with COVID- 19: a case series 
from an academic hospital in Lombardy, Italy. Diabetes Care 
2020;43:3042–9.

 41 Hariyanto TI, Kurniawan A. Dipeptidyl peptidase 4 (DPP4) inhibitor 
and outcome from coronavirus disease 2019 (COVID- 19) in diabetic 
patients: a systematic review, meta- analysis, and meta- regression. J 
Diabetes Metab Disord 2021;20:543–50.

 42 Chen Y, Yang D, Cheng B, et al. Clinical characteristics and 
outcomes of patients with diabetes and COVID- 19 in association 
with glucose- lowering medication. Diabetes Care 2020;43:1399–407.

 43 Koh GCKW, Maude RR, Schreiber MF, et al. Glyburide is anti- 
inflammatory and associated with reduced mortality in melioidosis. 
Clin Infect Dis 2011;52:717–25.

http://dx.doi.org/10.2337/dbi19-0023
http://dx.doi.org/10.1136/bmjdrc-2020-001343
http://dx.doi.org/10.1136/bmjdrc-2020-001343
http://dx.doi.org/10.1016/j.cmet.2014.09.018
http://dx.doi.org/10.1161/CIRCRESAHA.116.308445
http://dx.doi.org/10.1164/rccm.201712-2570OC
http://dx.doi.org/10.1186/s13054-019-2346-4
http://dx.doi.org/10.1007/s00228-019-02786-y
http://dx.doi.org/10.1016/j.pharmthera.2020.107503
http://dx.doi.org/10.2337/dc20-1521
http://dx.doi.org/10.1186/s12916-020-01832-2
http://dx.doi.org/10.1111/dom.14097
http://dx.doi.org/10.1016/S2213-8587(21)00050-4
http://dx.doi.org/10.1016/S2213-8587(21)00050-4
https://www.statistics.gov.hk/pub/B11302502013XXXXB0100.pdf
https://www.statistics.gov.hk/pub/B11302502013XXXXB0100.pdf
http://dx.doi.org/10.1136/gutjnl-2020-321726
http://dx.doi.org/10.1093/cid/ciaa1187
http://dx.doi.org/10.1111/apt.14341
http://dx.doi.org/10.1093/aje/kwy201
http://dx.doi.org/10.1101/2020.06.19.20135095
http://dx.doi.org/10.1016/j.jamda.2020.10.031
http://dx.doi.org/10.1101/2020.07.29.20164020
http://dx.doi.org/10.1016/j.diabet.2020.10.006
http://dx.doi.org/10.1016/j.dsx.2020.11.006
http://dx.doi.org/10.1002/jmv.26498
http://dx.doi.org/10.1016/S2213-8587(21)00089-9
http://dx.doi.org/10.1016/S2213-8587(21)00089-9
http://dx.doi.org/10.1016/S2213-8587(20)30271-0
http://dx.doi.org/10.1016/S2468-1253(20)30190-4
http://dx.doi.org/10.1016/S2213-8587(20)30021-8
http://dx.doi.org/10.1016/S2213-8587(20)30021-8
http://dx.doi.org/10.1038/nature12005
http://dx.doi.org/10.1002/dmrr.3330
http://dx.doi.org/10.2337/dc20-1340
http://dx.doi.org/10.1007/s40200-021-00777-4
http://dx.doi.org/10.1007/s40200-021-00777-4
http://dx.doi.org/10.2337/dc20-0660
http://dx.doi.org/10.1093/cid/ciq192

	Glucose-lowering drugs and outcome from COVID-19 among patients with type 2 diabetes mellitus: a population-wide analysis in Hong Kong
	Abstract
	Introduction
	Methods
	Setting and patients
	Data collection
	Definition and outcome
	Statistical analysis
	Patient and public involvement

	Results
	Baseline clinical characteristics by glucose lowering drug classes
	Markers of disease severity and outcome by glucose lowering drug classes
	Association between preadmission use of glucose lowering drugs and clinical outcome

	Discussion
	Metformin, infection and COVID-19
	DPP-4 inhibitors and COVID-19
	Insulin and COVID-19
	Sulphonylurea and COVID-19

	Limitations
	Conclusion
	References




