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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% Cl 0.34 to 0.77, p=0.001) and 0.46 (95% Cl 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
t0 2.24, p=0.022) and insulin (HR 6.34, 95% Cl 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."° 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

1

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.

and sociodemographic factors.” 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.”'* Further-
more, diabetes gives rise to aberrant inflam-
matory responses which predispose to more
intense lung infiltration, cytokine storm and
multiorgan failure.'" Proinflammatory indica-
tors such as interleukin (IL)-6, IL-2 receptor,
procalcitonin, tumour necrosis factor-o. and
C reactive protein (CRP) levels are generally
higher in patients with diabetes compared
with those without diabetes.'?

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."” ' Activation of AMPK also stabilises
ACE 2, the vasodilator effect of which improve
organ blood flow and may protect against
lung injury.” Both observational cohort
and randomised controlled studies reported
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reduced risks of pneumonia and other infections with
metformin therapy.'® " 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.'® 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." However, the beneficial effects of DPP-4
inhibitors have not been supported by other studies.*’>*
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.” 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.%* 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.”” 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 (HbAlc) 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, HbAlc >6.5% in any one measurement,
fasting plasma glucose 27.0 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%.%

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/1.78 m® 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.*® 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
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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 x* 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% ClIs 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, HbAlc, 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 HbAlc measurement (n=886) in
whom the latest HbAlc 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.”” 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 HbAlc 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

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

3


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
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
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

)
7
o
3]
3]
®©
c
o

©)

°
9]
=)
c
=
c
Q
O

(0001)
100°0> (5'09) eve (7'16) 25€  L00°0> (1°99) v€5 (6'78) 691 100°0> (5°09) eve (¥ 16) 25¢ 100°0> (coo 18/ UILLIOSIN

9200 (5'8) 85 (Zv) 8L 1190 (72 0L (092 9200 (5'8) 89 (Zv) 8L 100°0> (8er)ge (99 Ly Jooue)

Luk AQY, et al. BMJ Open 2021;11:2052310. doi:10.1136/bmjopen-2021-

L 0 22 (@) 9L 1990 (9¢) ve (Sv) 6 L (0v) 22 (@v) 9L 500 (L9) 2L (g'€)9z  esess|p JoA|| OlUOIYD

aseas|p
€120 (901 2L (1'g) Le 8900 (9'8) 28 (e 9z eleo (9ol 2L (1's) Le ¥00°0 (s or (0'6) 99 Je|nosenoigaie)

L O 1) 6L (Zr) sy ¥S00 (L'o1) 96 (1's1) og L O 6L (271 sy 1000 (6'81) 87 (€°01) 92 ssessip pesy Areuoio)

(%) u ‘senpiqiowo)

(g
AN Gronet Frover LLeo Gronet Fronet 210 Groner WLovelt 2680 (Groner ‘onet J/0ww ‘O-1aH

(58
100°0> (28 '7'9) 69 (1669 2L 1200 (68°'c9) 2L (6'8'879) 9L 100°0> (es‘v9)e9 (166922 1000> (872°1'9)99 ‘99 €L % ‘OLVAH

(9 sieak
100°0> (6100 €t ©zv18L  1000> (6+00) ¥+ (erL'sl)ee 100°0> ELooer ©Lv08L 1000> (S2'c0)gt ‘vI8t ‘uoleinp sejaqelq
(021 (%) u
1890 (991 kL (e8)0L 8180 (L°21) g9t (20 ve 2890 (991 €kl (@8l 0L  evvo (€61 6 szl “IONOWS BAIOB/-X3

(9eL
(LeL (262 ‘2°18)
9590 (9°eL ‘€°29) €59 (1'e2‘G'85) 099 6200 (22, ‘8'99) 1'S9 (552 ‘v'89) 0°29 9590 (9L ‘€°29) €59 ‘G'85) 0'99 1000>  ‘€719) 689 9'G9 sieak ‘oby
6.9 8¢ 2G6 661 6.9 G8e vse LEL ON
anjea d sJasn-uoN siosn onjead s19sn-uoN siosn  onjead s19sn-uoN siasn anjend sJasn-uopn siasM)
ulnsuj sio)qyul y-ddad seaunjfuoyding ulwIodN

052310



o 0 o © 2
E] S5 &5 ¥~ & & 9 & 2
© S S o N =] S [S] S 5
> <] o o © IS o s} © o
(% v \Y v v v it
o
Q
|
a
-
7] Ky
@ — g & = @ S
) ) — S o o < <5 2
? s 228 T © © = 8
Sle| =& S © = Py = = - °
SR | ~ - - = I ~ @© =] &
Zlo| ~ ® < o - ) @ 15} c
T
o
o
9
Q
o
2
>
—_ — —_ —_ —_ =
0’. = N ~ o ~ 2
c - o - © ~ ~ [}
=| <) %) = (<) ~ © © o
5| 2 322 L 5 O 12 = © = h
> % | »n — = < o < o 0 S
2 ® | « @ N~ = & ) re} < 2
=2 - n o < — N Y [a\] o
Q
o ]
g - - ~ @ - - - =)
=2 o o o ® o o a o I
© ] S o = ) S S ] -
> o © o © <] (<] (S] o £
- v v Vv v \ \ 8
sy
[)
1S
Q
©
~
o
4 — — -~ . 2
o ) ) © = 5
g ® © © |8 |98 9 =
: S 5l o5 Ko o o) v = E)
Syl o = o ~ © ) © S
o = o < | = ™) I I I =
Z|o| o 0 ™ — [te} [te) < g
T
=
4 ©
S b
- =
] 53
<= S — — e
c S — — ) ) ) @
- S © © ~ © < ~ =
Tle T 9598 g & & z
L%|o!| o T 9 g N = o = S
Lol o o - = o e} Q ™ I
QD+~ | — ™ < = o -~ — — S
=)
4 0 o © g5
3 ) o ¥ K ) ) S o o]
g 1S] S o N~ S S S 9 SO
o o o o o o o o R
o v Y v Y v Sy
Z o
o 0
e8 .
= o
53
o8 5
Lge
522
[ L g o
—_ —_ o
@ — g ® = ®© S£§
g g @8 .. °© 8 ¢ 3 ToF
T = : ) = 23 © N 20 4
c =z B © T T O
5o - o o — ) £0
~| - - - = Q ~ @© =] 5«8
Z| o | ~ ® < o - © [} ] o3 8
7] ]
© ok 3
o e
S 2oE
2 _ - - | 2%k
5 e = N < & = ESS
) - < o - © ~ ~ 23
<| @ «Q =N o S 2 = ©c &= -2
- 3
21 0|w| o T 2= o < o © ST
S| 2|0 & @ N~ = I o)) re) < tshH
0| 0| - 0 o 3 - N N N gE0
S0®
© > &
] ) ~ o © %%g
= S S © ® S S © o > 3%
© o o O w o o 6] o ga’;‘)%
< = s o o 5] = 1=} S 3a8?®
o v Y% \% 39 c¢
£09
€52
4 — —~ — oc 8
? =) 5 2 2 2 5°%
2 > ©
E = N _ .. B 8 @ a¥?
1 < N 0o ~ =~ ~ o c
c Aol : : = S <
S a o o © 0 © gQa
O | © - d o 1] © « =0 ¢
Z|d| © oo o < ~ — — c -9
c )
£ s Q0
T 2D
£ Ay eBc
gle sH 3 sl <P cef
- - ] = ) Z5e
512|5/281 5 o & 82 @3% 03 Q9|55
2D~ 8o K - NS BbE vO v | Ro?
§e) d54g
[0} So 3
=) @ gaox
c (o) " tg’ o X =
= c o
= 2 '8 5 . =R S35
G s HESE ° 2 et
O o) o = Qa o 3 =]
E £ £ 9 £ 2 g 89
£ S = 82 5} c 0 ES
- < o Y Tl ¢ 2 H N 25
] N = =& = £ o 2] 232
() R « 1 ag§ S = = 5370
- e © T Qoo
e 5 =E3 3828 & & g= g
© ol O F o O0s £ (%) m £S5 0
= 4 om 2

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%
CI0.27 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,
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Table 2 Clinical outcome from COVID-19 according to baseline use or non-use of metformin, sulphonylureas, DPP-4 inhibitors and insulin

Insulin

DPP-4 inhibitors

Sulphonylureas

Metformin

Non-users P value

17 (2.7)

Users

P value
0.588
0.244

Non-users
136 (14.3)
78 (8.2)

Non-users P value Users Non-users P value Users

43 (16.9)
24 (9.5)

Users

ICU admission, n (%) 108 (14.7)

<0.001
<0.001

76 (27.8)
51 (18.7)

79(20.5) 79(11.6)  <0.001 32 (16.1)
43 (6.3) <0.001

51 (13.2)

0.442

4(0.6)

22 (11.1)

0.965

67 (9.1)

Mechanical

ventilation, n (%)

35(9.1)  47(6.9) 0.248 18(9.1) 71(75) 0538  32(11.7) 22(3.5) <0.001

<0.001

44 (17.3)

44 (6.0)

In-hospital death, n

(%)

127 (17.2) 70 (27.6) 0.001  91(23.6) 109 (16.1) 0.003 40(20.1) 175(18.4) 0642  88(32.2) 35 (5.6) <0.001

ICU admission,
mechanical

ventilation and/or in-

hospital death, n (%)

DPP-4, dipeptidyl peptidase-4; ICU, intensive care unit.

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.” *7' 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.** 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.*® Two meta-analyses also
noted a protective effect of metformin with pooled ORs
of around 0.6 for mortality from COVID-19.%*** 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.” 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.”’ 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.* *> 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.° 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
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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% Cl) P value
ICU 0.53 (0.33to  0.01 1.45(0.96 t0 2.19) 0.074 0.45(0.28t0 0.74) 0.002 10.95(5.5t021.8) <0.001
admission 0.86)
Mechanical  0.51 (0.27to  0.041 1.35(0.78 t0 2.36) 0.286 0.57 (0.29to 1.11)  0.098 21.99 (4.851099.6) <0.001
ventilation 0.97)
In-hospital 0.51 (0.27to  0.039 242 (1.25t04.7)  0.009 0.70(0.35t01.39)  0.304 2.86 (1.09t0 7.48) 0.033
death 0.97)
ICU 0.51 (0.34to  0.001 1.55 (1.07 to 2.24) 0.022 0.46 (0.29t0 0.71)  <0.001 6.34 (3.72 t0 10.78) <0.001
admission, 0.77)
mechanical
ventilation
and/or in-

hospital death

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.

human studies, and is independent of the metabolic func-
tion of the dlrug.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."’

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 theumatoid arthritis and viral infections have been
previously examined.'”® 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.”®* 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%." 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.” 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.**' *! In particular, in the
large study conducted in England, COVID-19-related-
deaths occurred more frequently in patients prescribed

DPP-4 inhibitors.”® 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.% #*
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
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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.*

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.
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