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Prescription of glucose-lowering therapies and risk of
COVID-19 mortality in people with type 2 diabetes:
a nationwide observational study in England

Kamlesh Khunti, Peter Knighton, Francesco Zaccardi, Chirag Bakhai, Emma Barron, Naomi Holman, Partha Kar, Claire Meace, Naveed Sattar,
Stephen Sharp, Nicholas ] Wareham, Andy Weaver, Emilia Woch, Bob Young, Jonathan Valabhiji

Summary

Background In patients with type 2 diabetes, hyperglycaemia is an independent risk factor for COVID-19-related
mortality. Associations between pre-infection prescription for glucose-lowering drugs and COVID-19-related mortality
in people with type 2 diabetes have been postulated but only investigated in small studies and limited to a few agents.
We investigated whether there are associations between prescription of different classes of glucose-lowering drugs
and risk of COVID-19-related mortality in people with type 2 diabetes.

Methods This was a nationwide observational cohort study done with data from the National Diabetes Audit for
people with type 2 diabetes and registered with a general practice in England since 2003. Cox regression was used to
estimate the hazard ratio (HR) of COVID-19-related mortality in people prescribed each class of glucose-lowering
drug, with covariate adjustment with a propensity score to address confounding by demographic, socioeconomic, and
clinical factors.

Findings Among the 2851465 people with type 2 diabetes included in our analyses, 13479 (0-5%) COVID-19-related
deaths occurred during the study period (Feb 16 to Aug 31, 2020), corresponding to a rate of 8-9 per 1000 person-years
(95% CI 8-7-9-0). The adjusted HR associated with recorded versus no recorded prescription was 0-77 (95% CI
0-73-0-81) for metformin and 1-42 (1-35-1-49) for insulin. Adjusted HRs for prescription of other individual classes
of glucose-lowering treatment were as follows: 0-75 (0-48-1-17) for meglitinides, 0-82 (0-74-0-91) for SGLT2
inhibitors, 0-94 (0-82-1-07) for thiazolidinediones, 0-94 (0-89-0-99) for sulfonylureas, 0-94 (0-83-1-07) for GLP-1
receptor agonists, 1-07 (1-01-1-13) for DPP-4 inhibitors, and 1-26 (0-76-2-09) for a-glucosidase inhibitors.

Interpretation Our results provide evidence of associations between prescription of some glucose-lowering drugs and
COVID-19-related mortality, although the differences in risk are small and these findings are likely to be due to
confounding by indication, in view of the use of different drug classes at different stages of type 2 diabetes disease
progression. In the context of the COVID-19 pandemic, there is no clear indication to change prescribing of glucose-
lowering drugs in people with type 2 diabetes.

Funding None.

Copyright © 2021 Elsevier Lid. All rights reserved.
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Introduction

Among the risk factors for COVID-19 mortality, type 2
diabetes has emerged as one of the most important and
common.' In a recent population-based cohort study, the
risk of COVID-19 mortality was twice as high in people
with type 2 diabetes as in those without;* studies have
also shown an association between hyperglycaemia and
increased COVID-19-related mortality in people with
type 2 diabetes.**

Although potential direct therapeutic benefits in
relation to COVID-19 have been proposed, the safety of
some glucose-lowering therapies in people with type 2
diabetes and COVID-19 has been questioned.! The DPP-4
inhibitors have been hypothesised to potentially modify
the biological activity of various substrates involved in the
immune response to the infection, with suggestions of
potential benefit or harm.” It has been proposed that the
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SGLI2 inhibitors could increase COVID-19-related risk
via increased kidney expression of angiotensin-converting
enzyme 2 (ACE2),° a receptor of the SARS-CoV-2 virus.
Similarly, GLP-1 receptor agonists have been associated
with increased ACE2 expression in lungs and heart tissue
and with beneficial effects in acute lung injury, with
suggestions of possible helpful and harmful effects in
COVID-19.*° Recent studies have suggested a lower risk
of COVID-19-related hospital mortality in people with
type 2 diabetes who were prescribed metformin before
hospital admission® or sitagliptin on admission."
Notwithstanding calls for ongoing scrutiny to understand
the use, risks, and benefits of individual classes of glucose-
lowering drugs in people with type 2 diabetes and
COVID-19, there are no comprehensive, comparative data
on differential effects of glucose-lowering drugs on risk for
severe COVID-19.° Expert groups have made consensus
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Research in context

Evidence before this study

From March 1 to Nov 30, 2020, we did weekly searches of
PubMed and medRxiv using the search terms “COVID-19",
"SARS-CoV-2" “coronavirus”, “SARS virus”, and “diabetes”,
restricted to English-language publications. Smaller retrospective
studies from the USA, China, and France have all reported a lower
or neutral risk of COVID-19-related mortality in people previously
or currently prescribed metformin. A recent meta-analysis of five
observational studies showed that the use of metformin before
hospital admission in people with diabetes and sepsis (non-
COVID-19 related) was associated with lower mortality. In a small
French multicentre observational study, investigators reported no
association between use of sulfonylureas, meglitinides,

DPP-4 inhibitors, or GLP-1 receptor agonists and COVID-19-
related mortality, but higher mortality associated with insulin
therapy. Most previous studies were done at a single centre with a
small number of people with type 2 diabetes, and most studies
investigated a small number of glucose-lowering drugs.

Added value of this study
To our knowledge, this is the largest COVID-19-related
population study, covering almost the entire population of

recommendations for glucose-lowering drugs, such as to
avoid metformin and SGLT2 inhibitors, because of putative
risks of lactic acidosis with metformin and diabetic
ketoacidosis with SGLT?2 inhibitors in patients admitted to
hospital with COVID-19.*" However, withdrawing these
medications could not only result in hyperglycaemia, a risk
factor for poorer outcomes in COVID-19,’ but also increase
the long-term risk of major cardiovascular events and
progression of chronic kidney disease.”

In view of the high prevalence of type 2 diabetes
worldwide, its higher prevalence in people with COVID-19,
and the heightening of COVID-19 mortality risk by
hyperglycaemia, investigating the safety of glucose-
lowering drugs is important for people with diabetes,
clinicians, and policy makers. We therefore investigated
the relation between the prescription of commonly used
glucose-lowering drugs and COVID-19 mortality in a
national cohort of people with type 2 diabetes. In particular,
we aimed to identify any unexpected large effect sizes that
might have potential for recommendations about routinely
used glucose-lowering drugs in clinical practice.

Methods

Study design and data sources

This was a nationwide observational cohort study done
with data from England. The study was done in line with
the RECORD-PE guidelines for conducting and reporting
a pharmacoepidemiological study with routinely
collected data (appendix pp 7-9).

The National Diabetes Audit (NDA) has collated data on
people with diagnosed diabetes registered with a

people with type 2 diabetes in England. We assessed the
association of prescriptions for the following glucose-lowering
drugs or drug classes with COVID-related mortality: DPP-4
inhibitors, GLP-1 receptor agonists, insulin, meglitinides,
metformin, SGLT2 inhibitors, sulfonylureas, thiazolidinediones,
and a-glucosidase inhibitors. People with type 2 diabetes
prescribed metformin, SGLT2 inhibitors, and sulfonylureas had
a lower risk of COVID-19-related mortality and those prescribed
insulin and DPP-4 inhibitors had a higher risk of COVID-19
related mortality (compared with those not prescribed these
drugs), although these findings are likely to be due to
confounding by indication, in view of the use of different drug
classes in the early and late stages of the type 2 diabetes disease
trajectory.

Implications of all the available evidence

Our results suggest that there is no evidence to change
prescribing of glucose-lowering drugs in people with type 2
diabetes in clinical practice in the context of the COVID-19
pandemic.

health-care provider in England since 2003.” These data
were linked via unique National Health Service (NHS)
number to hospital episode statistics, a record of all
hospital admissions in England; and to civil death
registrations, collated by the Office for National Statistics
(ONS). Information on data approval and permissions is
in the appendix (pp 1-2).

Study population

The study population consisted of individuals with type 2
diabetes included in the NDA data extraction from
Jan 1, 2018, to March 31, 2019, whose most recent general
practice was in England and provided data on prescriptions
to the NDA, and who were alive on Feb 16, 2020 (index
date). People with an unknown date of birth or recorded
date of birth giving an age of 110 years or older were
excluded from the analysis. Diabetes was diagnosed in
routine clinical care and type 2 diabetes was deduced from
the clinical codes recorded in electronic patient records
and collated by the NDA. Where there were codes for
multiple types of diabetes, the type identified by a
specialist diabetes service was given precedence over that
defined in primary care; where there was a discrepancy
between codes used in specialist services or within
primary care, the latest recorded type of diabetes was
assumed to be the most accurate.

Exposure and outcome

The primary exposure of interest in this analysis was
prescription for the following glucose-lowering drugs or
drug classes: DPP-4 inhibitors, GLP-1 receptor agonists,
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insulin, meglitinides, metformin, SGLT2 inhibitors,
sulfonylureas, thiazolidinediones, and a-glucosidase
inhibitors. Individuals were classed as being prescribed
the drug or drug class if they had received two or more
prescriptions between July 1, 2019, and Dec 31, 2019.
Deaths registered with ONS that occurred between
Feb 16, 2020, and Aug 31, 2020, were included in the
analysis. Deaths were defined as COVID-19 related if the
International Classification of Diseases (ICD; version 10)
codes U071 (COVID-19, virus identified) or U072
(COVID-19, virus not identified) were recorded as either
the primary underlying or secondary cause of death.

Covariates

Age and duration of diagnosed diabetes were calculated
for the index date of Feb 16, 2020. Home postcode was
used to identify region of residence and social deprivation
status, as defined by the Indices of Multiple Deprivation
2019.” Ethnicity was obtained from records of self-reported
ethnic group during the course of routine clinical care.
The most recent measurements of HbA,, systolic blood
pressure, total serum cholesterol, and creatinine recorded
between Jan 1, 2019, and Dec 31, 2019, were identified. The
Modification of Diet in Renal Disease formula was used to
calculate the estimated glomerular filtration rate (eGFR).
People who had received one or more prescriptions for
antihypertensive drugs or statins between Jan 1, 2019, and
Dec 31, 2019, were identified from general practice
prescribing records. BMI and smoking status were
identified from the latest recorded measurement between
Jan 1, 2017, and Dec 31, 2019. A history of cardiovascular
disease was defined as a hospital admission for myocardial
infarction (ICD-10 codes 121-22), heart failure (I50), or
angina (I120) between April 1, 2009, and Dec 31, 2019,
where the relevant diagnosis codes were included as either
the primary or one of up to 20 secondary diagnoses, or a
diagnosis of ischaemic heart disease recorded in the
primary care record. Individuals were classed as having a
history of cardiovascular disease if they had one or more
admissions for any of these three conditions or their
primary care records included a diagnosis of ischaemic
heart disease.

Statistical analysis

Individuals with missing information on sex were
excluded from the analysis. All numbers taken directly
from the NDA were rounded to the nearest five people to
protect confidentiality; mortality data from the ONS
were unrounded. Descriptive statistics were used to
summarise the characteristics of the included patients.
For each drug class, the association with COVID-19-
related mortality was estimated by comparing the
two groups of people prescribed and not prescribed the
specific drug class by use of Cox regression models,
with a timescale from index date to COVID-19-related
mortality or censoring. A doubly robust Cox model
included several a-priori defined potential confounders
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and a propensity score variable estimated from the same
confounders; this approach can compensate for residual
imbalance of confounders and has been suggested to
offer more robustness to model mis-specification.??*

Propensity score was calculated with a logistic regression
including the following variables: age (5-year bands), sex
(male and female), ethnicity (White, Asian, Black, mixed,
other, and unknown), deprivation (quintiles of Indices of
Multiple Deprivation 2019), region (London, South West,
South East, Midlands, East of England, North West, North
East and Yorkshire, and unknown), diabetes duration (<1,
1-2, 34, 5-9, 10-14, 15-19, or =20 years), smoking status
(current smoker; ex-smoker; current non-smoker, history
unknown; never smoked; and unknown), BMI (<20,
20 to <25, 25 to <30, 30 to <35, 35 to <40, =40 kg/m2, and
unknown), HbA, (<48, 48 to <54, 54 to <59, 59 to <75,
75 to <86, and 286 mmol/mol, and unknown), eGFR (290,
60 to <90, 45 to <60, 30 to <45, 15 to <30, and
<15 mL/minx1-73 m2, and unknown), systolic blood
pressure (<140 mm Hg, >140 mm Hg, and unknown), total
serum cholesterol (<5 mmol/L, =5 mmol/L, and
unknown), cardiovascular disease history (yes and no), and
prescribed medications (statins, antihypertensives, and
glucose-lowering drugs [none, one, two, and three or more
classes]). For missing data, we used the missing category
approach.

3179635 people diagnosed with diabetes who were
included in the 2018-19 National Diabetes
Audit dataset, whose most recent GP was in
England, and who were alive on Feb 16, 2020

20 not eligible because aged

110 years or older, or age unknown

4
3179615 younger than 110 years

306220 not eligible because they did not

g have type 2 diabetes

y
2873390 with type 2 diabetes*

21920 most recent GP did not provide
prescription data

>

y

| 2851470 most recent GP provided prescription data |

—>| 5 sex not recorded

y
| 2851465 with sex recorded (included in study cohort) |

Figure 1: Cohort profile

Numbers are rounded to the nearest five people to protect confidentiality.
GP=general practice. *Difference of five from expected value because number
rounded to nearest five after calculation from raw (unrounded) data.
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n/N Mortality rate per Adjusted hazard

1000 person-years ratio (95% Cl)

Nodrug  Drug
DPP-4 inhibitors 2733/479555 85 91 B 1.07 (1:01-1-13)
GLP-1 receptor agonists 279/100820 91 8.6 B 0-94 (0-83-1-07)
Insulin 2825/350960 8.0 113 g 1-42 (1:35-1-49)
Meglitinides 20/4440 8.9 6.7 0-75 (0-48-1-17)
Metformin 6295/1800005 129 9-9 E B 0-77 (0:73-0-81)
SGLT2 inhibitors 458/266505 95 7-8 —— 0-82 (0-74-0-91)
Sulfonylureas 2628/561290 89 84 E N 0-94 (0-89-0-99)
Thiazolidinediones 226/60085 89 83 —. 0-94 (0-82-1-07)
a-Glucosidase inhibitors 15/1665 8.9 11-2 126 (0:76-2-09)

0!6 0!8 1.0 1!2 1~I5 2~I0
+— —»
Favours drug Favours no drug

Figure 2: Association between prescription of glucose-lowering drugs and COVID-19-related mortality
Numbers of people are rounded to the nearest five to protect confidentiality. Rates of COVID-19 death in patients prescribed the specific drug are obtained by
multiplying the hazard ratio by the rate in patients without the prescription of the drug. The size of the box is proportional to the inverse of the variance and the error

bars show 95% Cls. n=number of events (deaths). N=total number of people.

The proportional hazards assumption was assessed and
confirmed. Exploratory subgroup analyses, unadjusted
for multiple comparisons, were done by age, sex, previous
cardiovascular disease, and eGFR. All statistical analyses
were done in SAS version 9.4 and results are reported as
hazard ratios (HRs) with 95% CIs for the main analyses
and 99% CIs for subgroup analyses.

Role of the funding source
There was no funding source for this study.

Results

2851465 people were included in this analysis, of
whom 1593730 (55-9%) were men; 1884675 (66-1%)
were White, 399540 (14-0%) were Asian, and
135860 (4-8%) were Black; and the median age was
67 years (IQR 57-77; figure 1, table). The most
commonly prescribed glucose-lowering drug or drug
class was metformin (1800005 [63-1%)] people),
followed by sulfonylureas (561290 [19-7%]), DPP-4
inhibitors (479555 [16-8%]), insulin (350960 [12-3%]),
SGIT2 inhibitors (266505 [9-3%]), GLP-1 receptor
agonists (110820 [3-9%)]), thiazolidinediones (60085
[2-1%]), meglitinides (4440 [0-2%)]), and a-glucosidase
inhibitors (1665 [0-2%]; table). Across participants
prescribed different classes of glucose-lowering drugs,
differences were present for most of the characteristics
investigated, including HbA, level, number of glucose-
lowering drugs prescribed, diabetes duration, and BMI
(table).

During 1517762 person-years of follow-up, 13479 (0- 5%)
of the 2851465 people in the cohort had COVID-19-
related deaths, corresponding to a crude mortality rate of
8-9 per 1000 person-years (95% CI 8-7-9-0). Rates per
1000 person-years ranged from 3-2 (95% CI 2-9-3-5) in
patients prescribed SGLI2 inhibitors to 17-0 (8-4-25-5)
in those prescribed a-glucosidase inhibitors (table).

www.thelancet.com/diabetes-endocrinology Vol 9 May 2021

Unadjusted associations between each variable and the
risk COVID-19-related death are reported in the appendix
(pp 3—4). Accounting for differences in the characteristics
of the patients, the adjusted HR for COVID-19-related
death was 0-77 (95% CI 0-73-0-81) for those prescribed
metformin (compared with those mnot prescribed
metformin), 0-75 (0-48-1-17) for meglitinides, 0-82
(0-74-0-91) for SGLT2 inhibitors, 0-94 (0-82-1-07) for
thiazolidinediones, 0-94 (0-89-0-99) for sulfonylureas,
0-94 (0-83-1-07) for GLP-1 receptor agonists, 1-07
(1-01-1-13) for DPP-4 inhibitors, 1-26 (0-76-2-09) for
a-glucosidase inhibitors, and 1-42 (1-35-1-49) for insulin
(figure 2; appendix pp 5-6).

Associations were mainly consistent in explorative
subgroup analyses by age, sex, cardiovascular disease
history, and eGFR, with only a few small deviations from
neutrality apart from for metformin, for which the risks
were lower, and insulin, for which the risks were higher,
in all investigated subgroups (figure 3). There were
possible effects of age (in people aged =70 years, mortality
was higher with DPP-4 inhibitors and lower with
sulfonylureas) and cardiovascular disease history (a higher
risk with DPP-4 inhibitors and lower with sulfonylureas).

Discussion

In view of the disproportionately high contribution of
people with diabetes to overall COVID-19-related deaths
(up to a third of all deaths in some countries),” the relation
between glucose-lowering drugs and COVID-19 is an
important issue for people with diabetes, clinicians, and
policy makers. To our knowledge, this is the largest study
to examine the association of several commonly prescribed
classes of glucose-lowering drugs with COVID-19-related
mortality. In this nationally representative, population-
based study of 2-85 million people with type 2 diabetes,
there was statistical evidence that people prescribed
metformin, SGLT2 inhibitors, and sulfonylureas had a
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DPP-4 inhibitors

GLP-1 receptor agonists

n/N Adjusted hazard ~ n/N Adjusted hazard
ratio (99% Cl) ratio (99% Cl)
Age, years
>70 504/223445 - 112 (1-:03-1-21) 160/24640 S 0-81(0-63-1.03)
<70 2229/256110 0-94(0-81-1.09)  119/86175 0-97 (0-77-1-22)
Sex
Men 1690/279500 —m— 1.04 (0-95-1-14) 176/57250 R — 0-95 (0-77-1-17)
Women 1043/200055 - 112 (1-00-1-25) 103/53570 O S 0-93 (0-71-1-22)
Cardiovascular disease history
No 1139/347970 —=l 0-93(0-84-1.03)  152/85005 R S 1.03 (0-82-1:29)
Yes 1594/131585 —-— 1.21(110-133) 127/25815 — 0-84 (0-66-1-07)
eGFR, mL/min per 1.73 m*
=60 1529/356175 —+=— 106 (0-96-1-17) 109/94175 m 0-89 (0-72-1-10)
<60 1178/119305 - 1.09(0:99-120)  170/15725 RN 0-98 (0-75-1-27)
f T T 1 f T T 1
0-4 0-7 1.0 15 2.0 0-4 0-7 1.0 15 2.0
Insulin Metformin
n/N Adjusted hazard n/N Adjusted hazard
ratio (99% Cl) ratio (99% Cl)
Age, years
>70 668/159285 - 137 (1-27-1-48) 1483/710540 - 0-79 (0-74-0-85)
<70 2157/191685 — - 156 (1:34-1-80)  4812/1089470 — 0-66 (0-56-0-78)
Sex
Men 1709/191170 —-— 144 (132-157)  4091/1044920 - 077 (0-71-0-84)
Women 1116/159790 —. 137 (123-1-52) 2204/755085 —. 0-77 (0-70-0-86)
Cardiovascular disease history
No 1059/226325 e 1-42 (1-28-1:57) 3329/1394715 . 0-78 (0-71-0-87)
Yes 1766/124635 - 144(132-157)  2966/405290 —m— 0-75 (0-69-0-82)
eGFR, mL/min per1.73 m’
260 1646/240215 S 149 (135-164)  1963/1545545 - 0-70 (0-63-0-78)
<60 1138/106370 - 133(121-146)  4268/235435 S 0-81 (0-74-0-89)
f T T 1 f T T 1
0-4 0-7 1.0 15 20 0-4 0-7 1.0 15 2.0
SGLT2 inhibitors Sulfonylureas
n/N Adjusted hazard ~ n/N Adjusted hazard
ratio (99% Cl) ratio (99% Cl)
Age, years
=70 269/48045 J— 0-79 (0-65-0-96) 618/246095 - 0-90 (0-83-0-98)
<70 189/218450 — - 0-84(0-69-1:01)  2010/315190 4 - 112 (0-96-130)
Sex
Men 337/162070 — . 0-86 (0-73-1-00) 1731/339715 ol 0-95 (0-87-1-03)
Women 121/104435 [ — 0-74 (0-57-0-96) 897/221575 - 0-93 (0-82-1-04)
Cardiovascular disease history
No 296/217900 — - 0-91(077-1:08)  1385/420535 i - 1.04 (0-94-1-16)
Yes 162/48605 —_—. 0-69 (0-56-0-86) 1243/140755 —.— 0-85 (0-77-0-94)
eGFR, mL/min per1.73 m*
=60 46/253450 — 0-87(0-75-1.00)  1145/443590 —— 1.01(0-91-1-11)
<60 411/10940 - . 069 (0-47-1:02)  1457/111355 J— 0-87 (0.79-0-97)
f T 1 f T T 1
0-4 0-7 1.0 15 2.0 0-4 0-7 1.0 15 2:0
“— —»
Thiazolidinediones Favours drug Favours no drug
n/N Adjusted hazard
ratio (99% Cl)
Age, years
=70 57/25305 — 0-94(0:77-1-16)
<70 169/34775 —_— 0-94 (0-66-1-34)
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lower mortality risk than those not prescribed these
drugs. Conversely, the risk was higher in those prescribed
insulin and DPP-4 inhibitors than those not prescribed
these drugs. These finding are likely to be related in part
to confounding by indication, because metformin is used
early in the disease trajectory of type 2 diabetes whereas
insulin is typically initiated later. Furthermore, the
absolute increases and decreases in risk were very small.
National recommendations for use of DPP-4 inhibitors
include older people and particularly those with frailty.®
The observed lower risks in people prescribed SGLI2
inhibitors and sulfonylureas are likely to be related to
confounding by indication and their lower use in older
people, particularly those with frailty, in view of increase
risk of volume depletion for SGLT2 inhibitors and
hypoglycaemia for sulfonylureas. NDA data do not include
information on frailty; we were therefore unable to adjust
for this variable. In exploratory subgroup analyses, we
identified some differences by age and history of
cardiovascular disease, although these results should be
interpreted with caution in view of a lower statistical
power and residual confounding.” The lower risk of
mortality in patients who were prescribed metformin and
the higher risk in those prescribed insulin, have been
observed previously and might be related to residual
confounding by the burden of cardiorenal comorbidities
and historical glycaemic burden, factors that cannot be
fully addressed by statistical adjustments.” Associations
between insulin prescription and mortality have also been
reported in previous observational studies and were
related to commencement of insulin at a late stage of the
disease.””

Smaller retrospective studies from the USA, China,
and France have all reported a lower or neutral risk of
COVID-19-related mortality in people previously or
currently prescribed metformin.”**=? [n a meta-analysis
of five observational studies including 1282 patients, use
of metformin before hospital admission in people with
diabetes and sepsis (non-COVID-19 related) was
associated with lower mortality.” In a French multicentre
observational study that included 1166 people with type 2
diabetes, investigators reported no association between
use of sulfonylureas, meglitinides, DPP-4 inhibitors, or
GLP-1 receptor agonists and COVID-19-related mortality;
however, there was higher mortality associated with
insulin therapy (odds ratio 1-71[95% CI 1-20-2-43]). In
one small observational study in Northern Italy of
338 patients with type 2 diabetes who were admitted to

Figure 3: Subgroup analysis for association between prescription of glucose-
lowering drugs and COVID-19-related mortality

Numbers of people are rounded to the nearest five to protect confidentiality.
The size of the boxes is proportional to the inverse of the variance and the error
bars show 99% Cls. Subgroup analysis for prescription of meglitinides and
a-glucosidase inhibitors are not shown because the numbers of COVID-19-
related deaths were too low for robust analysis. n=number of events (deaths).
N=total number of people. eGFR=estimated glomerular filtration rate.
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hospital with COVID-19, a lower risk of mortality was
seen in patients on sitagliptin than in those who received
standard of care (HR 0-44 [95% CI 0-29-0-66])."
Although some of these findings were confirmed in our
analyses, we also observed several differences probably
related to dissimilarities in sample size or confounding
adjustment.

Our study has several limitations. Because the
medications included were prescribed in the last 6 months
of 2019, there is the possibility that some of these agents
had been suspended before or on admission to hospital for
COVID-19. There was no measure of medication
adherence in this study; however, a previous report of
overall adherence for most glucose-lowering therapies
using an objective measure (urine liquid chromatography)
showed adherence rates for glucose-lowering medications
of about 90%.* Moreover, the NDA does not collect data on
the dose of medications. In our analysis, we adjusted for
several important potential confounders, including
regional differences, to reduce the risk of confounding;
however, we cannot exclude residual confounding due to
imperfect adjustment for those factors we have considered,
nor unmeasured confounding by factors that we have not
included. Furthermore, during the pandemic, the
reporting of COVID-19 as either the underlying cause of
death or a significant contributory factor might have been
inconsistent; although it is difficult to quantify the extent
or direction of any bias created by the omission of deaths
possibly related to COVID-19, it is unlikely that this bias
would be differential with respect to class of glucose-
lowering therapy. We reported associations for the
prescription of all classes of glucose-lowering medications
in people with type 2 diabetes in England; the number of
events was low for meglitinides and o-glucosidase
inhibitors because these drugs are not widely used in
England, although they are used more extensively in some
other countries. Given the many possible combinations of
glucose-lowering drug classes that can be used by patients
with type 2 diabetes, it was not possible to estimate the
HRs for these combinations; however, this was not the
main purpose of the analysis. We used the missing-
category approach to maximise the size of the cohort and
the statistical power; although other approaches could be
applied to account for missing data, their relative strengths
and limitations in the context of doubly robust adjustment
with the use of propensity score as a variable are uncertain.

A strength of our study is the whole-population inclusion
of nearly all people diagnosed with type 2 diabetes in
England, including comprehensive prepandemic infor-
mation on risk factors; the results are therefore probably
generalisable to the general population of people with
type 2 diabetes. A further strength is the comprehensive
assessment of the risk across all classes of glucose-
lowering drugs commonly used in clinical practice—
previous studies were largely limited to single drugs.
Because of provision of universal health care, with all
medicines for people with diabetes available without
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charge in England, our results should not be biased
by access to medications. Many studies of the risks of
therapies in patients with type 2 diabetes and COVID-19
have focused on people in hospital,” whereas our cohort
included all people with type 2 diabetes, whether or not
they were admitted to hospital with COVID-19. Further-
more, our outcome of all deaths with COVID-19 identified
as a cause, in-hospital or outside of hospital, provides a
robust outcome independent of clinical decisions,
administrative arrangements, and resource availability,
which might influence decisions related to hospital or
intensive care unit admissions.

Given the nature of this study, we cannot infer causality
from our observations. Randomised clinical trials
assessing the role of glucose-lowering therapies would be
necessary to assess any causal effect of glucose-lowering
drugs on COVID-19 outcomes in patients with type 2
diabetes. The DARE-19 study (NCT04350593) is investi-
gating the effect of the SGLT2 inhibitor dapagliflozin
versus placebo on the risk of death or organ dysfunction in
patients admitted to hospital with COVID-19. In the MET-
COVID trial (NCT04510194), the effect of metformin is
being compared with placebo for both the prevention of
SARS-COV-2 infection and the risk of COVID-19 disease.
Because neither of these studies is specifically including
patients with type 2 diabetes, their results will generate
little evidence on the safety of these glucose-lowering
drugs in this patient population. However, several studies
with DPP-4 inhibitors (NCT04365517, NCT04371978, and
NCT04341935) are being conducted in patients with type 2
diabetes and COVID-19.

In summary, in this study of a national cohort of
2-85 million people with type 2 diabetes, we identified a
statistically lower risk of COVID-19-related mortality in
patients prescribed metformin and a higher risk of
COVID-19-related mortality in patients prescribed insulin,
supporting findings from previous smaller studies. We
also identified a lower risk with sulfonylureas and SGLT2
inhibitors and a slightly higher risk with DPP-4 inhibitors.
The lower and higher risks associated with these drugs are
likely to be due to residual confounding rather than direct
drug effects. Cardiorenal comorbidities and frailty are
probable contributors to our observations and are also
important COVID-19 risk factors. We interpret these
findings to suggest that there is, as yet, no clear indication
to jeopardise a modifiable risk factor—glucose control—
or other potential glucose-independent benefits of specific
drugs by stopping or changing diabetes medications in
people with type 2 diabetes in daily practice. Additional
studies to validate these findings in large national datasets
in other countries are warranted.
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