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ARTICLE INFO ABSTRACT
Keywords: Aims: To analyse if antidiabetic treatment was associated with better COVID-19 outcomes in type 2 diabetic
COVID-19 patients, measured by hospital admission and mortality rates as severe outcomes.
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Methods: Cohort study including COVID-19 patients registered in the Primary Care electronic records, in March-
June 2020, comparing exposed to metformin in monotherapy with exposed to any other antidiabetic. Data
source: SIDIAP (Information System for Research in Primary Care), which captures clinical information of 5,8
million people from Catalonia, Spain.

Results: We included 31,006 diabetic patients infected with COVID-19, 43.7% previously exposed to metformin,
45.5% of them in monotherapy. 16.4% were admitted to hospital and 15.1% died. Users of insulin in mono-
therapy (OR 1.29, 95% CI 1.11-1.50), combined with metformin (OR 1.38, 1.13-1.69) or IDPP4 alone (OR 1.29,
1.03-1.63) had higher risk of severe outcomes than those in metformin monotherapy. Users of any insulin (OR
1.61, 1.32-1.97) or combined with metformin (OR 1.69, 1.30-2.20) had a higher risk of mortality.
Conclusions: Patients receiving metformin monotherapy in our study showed a lower risk of hospitalization and
death in comparison to those treated with other frequent antidiabetic agents.

We cannot distinguish if better outcomes are related with the antidiabetic therapy or with other factors, such as
metabolic control or interventions applied during the hospital admission.

1. Introduction is significantly associated with worse outcomes in people with chronic
conditions, such as diabetes [4].

Coronavirus disease 2019 (COVID-19) is a viral respiratory illness A series of inflammatory markers have been identified in diabetic

caused by the severe acute respiratory syndrome-coronavirus-2 (SARS- patients, pointing out that this disease could be a risk factor for the

CoV-2) that emerged as a global public health crisis in 2020 [1-3] and it progression and prognosis of COVID-19 [5]. Different mechanisms could

Abbreviations: ACE2, Angiotensin-2 converting enzyme; ACEI, Angiotensin converting enzyme inhibitors; AQuAS, Catalan Agency of Health Quality and Eval-
uation; ARB, Angiotensin receptor blockers; ATC, Anatomical, chemical classification system; BMI, Body mass index; CI, Confidence interval; COVID-19, Coronavirus
disease 2019; DPP4, Dipeptidyl peptidase 4; ECAP, Electronic health records in Primary Health Care of the Catalan Health Institute; GLP1, Glucagon-like petptide-1;
HNI, Hypoglycaemic agents excluding insulins; HR, Hazard ratio; ICD-10, International Classification of Disease-10 codes; iDPP4, Dipeptidyl peptidase 4 inhibitors;
IQR, Interquartile range; iSGLT2, Sodium-glucose co-transporter 2 inhibitors; LTCF, Long-term care facilities; NSAID, Non-steroidal anti-inflammatory drugs; OR,
Odds ratio; PCR, Polymerase chain reaction; PHC, Primary Health Care; SARS-CoV-2, Severe acute respiratory syndrome-coronavirus-2; SD, Standard deviation;
SIDIAP, Information System for Research in Primary Care.
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Table 1
Baseline sociodemographic and clinical characteristics of patients included in
the study.

N (%) All diabetic Diabetic patients with COVID-19
patients with exposed to metformin in
COVID-19 monotherapy
N = 31,006 N = 6168 (19.9%)
Gender, female 15,103 (48.7) 2979 (48.3)
Age, mean (SD) 71.5 (15.5) 71.07 (14.44)
Smoker 15,775 (50.9) 3194 (51.8)
LTFC resident 7148 (23.1) 1364 (22.1)
Hb1Ac, mean (SD) 7.20 (1.43) 6.75 (1.06)
46.5% missing values
Years since diabetes 7.00 [3.00, 6.00 [2.00, 10.00]
diagnosis, median (IQR) 13.00]
Comorbidities
Cancer 5978 (19.3) 1152 (18.7)
Cerebrovascular diseases 2563 (8.3) 461 (7.5)
Chronic kidney disease 6980 (22.5) 839 (13.6)
Coronary heart disease 4288 (13.8) 658 (10.7)
Heart failure 3740 (12.1) 493 (8.0)
Hypertension 22,036 (71.1) 4329 (70.2)
Obesity (ICD-10 code and/ 17,748 (57.2) 3676 (59.6)
or BMI >30 kg/m?)
Respiratory diseases 11,847 (38.2) 2313 (37.5)
Comedications
ACEI 9345 (30.1) 2157 (35.0)
ARB 6289 (20.3) 1262 (20.5)
Beta blockers 7545 (24.3) 1410 (22.9)
Calcium channel blockers 6248 (20.2) 1203 (19.5)
NSAID 13,610 (43.9) 2744 (44.5)
Oral anticoagulants 3972 (12.8) 722 (11.7)
Psychotropic drugs 16,110 (52.0) 3256 (52.8)

SD: standard deviation, LTCF: long-term care facilities, IQR: interquartile range,
ICD-10: international classification of diseases version 10, BMI: body mass
index, ACEI: angiotensin converting enzyme inhibitors, ARB: angiotensin re-
ceptor blockers, NSAID: non-steroidal anti-inflammatory drugs.

Table 2
Exposure to antidiabetic drugs.

N (%) Diabetic patients treated
N = 21,131 (68.2)

Monotherapy 11,975 (56.7)
2 drugs 6018 (28.5)
> 3 drugs 3138 (14.9)
Exposure to antidiabetic drugs*

Metformin 13,549 (64.1)
In monotherapy 6168 (29.2)
Insulins 8182 (26.4)
iDPP4 5131 (24.3)
Sulfonylureas 2817 (13.3)
iSGLT2 1809 (8.6)
Other blood glucose lowering drugs 1401 (6.6)
GLP1 782 (3.7)

GLP1; glucagon-like peptide-1 analogues, iDPP4; dipeptidyl peptidase 4 in-
hibitors, iSGLT2; sodium-glucose co-transporter 2 inhibitors. *Patients may
belong to > 1 group.

increase the risk and the severity of COVID-19 among diabetic patients,
for instance the decrease in T CD4 positive cells, [6] the increase of
interleukin-6 expression, or the positive regulation of the expression of
angiotensin-2 converting enzyme (ACE2),[5] as SARS-CoV-2 can infect
host cells by means of interaction with membrane-bound ACE2 on the
respiratory epithelium [7].

As coronaviruses also bind dipeptidyl peptidase 4 (DPP4),[8] the
interaction of SARS-CoV-2 and DPP4 may represent a potential factor
promoting the virulence of the virus, and thus the inhibition of this
interaction might curb the inflammatory storm seen in patients with
severe COVID-19 [9,10]. DPP4 inhibitors (iDPP4) are highly selective
hypoglycaemic agents which increase the bioavailability of the
glucagon-like petptide-1 (GLP1) and have anti-inflammatory and
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immunoregulatory effects, therefore, they could be useful to prevent
COVID-19 fatal outcomes or improve the course of the disease in dia-
betic patients [11,12].

Other antidiabetic drug, metformin, has also anti-inflammatory ac-
tivity and could be beneficial in treating COVID-19 at multiple levels by
improving glucose controls, reducing insulin resistance, or suppressing
mitochondrial reactive oxygen species.[13] Significant reduction in
mortality has been reported among high-risk diabetic COVID-19 pa-
tients treated with metformin, so it may play a role in attenuating
COVID-19 complications [14,15]. Other oral antidiabetic agents might
be able to bind SARS-CoV-2 receptor (repaglinide, canagliflozin, glipi-
zide, gliquidone, glimepiride and linagliptin), suggesting a possible in-
hibition of the replication and transcription of the virus [16]. Also GLP1
analogues have been suggested as possible candidates to treat COVID-19
for their anti-inflammatory and anti-obesogenic properties, pulmonary
protective effects and benefits on gut microbiome,[17] or insulin for its
anti-inflammatory effects [18].

Related with the use of antidiabetic drugs, in studies conducted with
diabetic patients with COVID-19, a poor control of blood glucose levels
have been associated with higher mortality in comparison with those
with optimal metabolic control [19,20]. Although type 2 diabetes does
not increase the susceptibility against SARS-CoV-2 infection, it can
worsen the outcomes of the infection, particularly in those people with
acute and chronic conditions.[4,21] Nevertheless, there are no guide-
lines focused on the treatment of COVID-19 in diabetic patients [22].

In this study we aimed to analyse if antidiabetic agents might be
associated with a reduction in COVID-19 complications in diabetic pa-
tients, measured by hospital admission and mortality rates as severity
outcomes, through a population-based cohort study including type 2
diabetes patients attended in Primary Health Care (PHC) who were
infected with COVID-19 in Catalonia, Spain.

2. Methods
2.1. Study design

Cohort study including adult patients with COVID-19 diagnosis
registered as confirmed (by polymerase chain reaction, PCR) or as
probably (not confirmed by PCR) in the PHC records in Catalonia, Spain;
from the pandemics’ onset (March 2020) to June 30th, 2020. We
compared type 2 diabetic patients with a diagnosis registered in the PHC
records who were exposed to metformin in monotherapy with those
exposed to any other antidiabetic drugs alone or in combination or those
not receiving any antidiabetic agent.

2.2. Data source

The study data source is the Information System for Research in
Primary Care (SIDIAP), [23,24] which captures clinical information of
approximately 5,8 million people from Catalonia, Spain (around 80% of
the Catalan population). This information is pseudonymized, originated
from different data sources: 1) ECAP (electronic health records in PHC of
the Catalan Health Institute); including socio-demographic character-
istics, residents in nursing homes/long-term care facilities (LTCF),
comorbidities registered as International Classification of Disease
(ICD)— 10 codes, [25] specialist referrals, clinical parameters, toxic
habits, sickness leave, date of death, laboratory test data, and drug
prescriptions issued in PHC, registered as anatomical, chemical classi-
fication system (ATC) codes; [26] 2) pharmacy invoice data corre-
sponding to the PHC drug prescriptions; 3) database of diagnoses at
hospital discharge [27] and 4) COVID-19 data from the Catalan Agency
of Health Quality and Evaluation (AQuAS). [28].

2.3. COVID-19 classification

Subjects were classified according to the following criteria:
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Fig. 1. Frequencies of exposure to antidiabetic drugs in monotherapy and in combination This figure shows the 30 most frequent antidiabetic treatments, in
monotherapy and in combinations of up to 4 different drugs. The bars are ordered along the X-axis from highest to lowest frequency. GLP1; glucagon-like peptide-1
analogues, iDPP4; dipeptidyl peptidase 4 inhibitors, iSGLT2; sodium-glucose co-transporter 2 inhibitors.

confirmed cases were those with a confirmed COVID-19 diagnostic re-
cord, PCR+ and/or a positive serology test. Those with a non-confirmed
diagnosis or test (possible or unclear) along with any individual with a
record of hospitalization, pneumonia and/or death related to COVID-19
were considered possible cases. During the first wave of the COVID-19
pandemics in Catalonia, PCR tests were not routinely conducted to all
patients with compatible symptoms, due to the unavailability of labo-
ratory kits to do the tests. Thus, we needed to capture those patients with
possible diagnosis of COVID-19, such as those admitted to hospital with
pneumonia or other COVID-19 symptoms who were not tested. We
designed an algorithm to classify patients as “COVID possible” when
there was not a test result available. The date of COVID-19 diagnosis was
set to be the first record used per patient.

To guarantee that our algorithm is not far from the Catalan popu-
lation, the resulting cohort was compared to the official COVID-19 cases
provided by the AQuAS during the pandemic [28,29].

2.4. Drug exposure

Patients were classified as exposed to metformin or other antidia-
betics when they had at least one prescription issued during the previous
6 months to the COVID-19 diagnosis and with a minimum duration of 30
days. Those diabetic patients not meeting this criterion were considered
as untreated. The reference group was composed by those people
exposed to metformin in monotherapy.

The rest of the antidiabetic agents were classified as: insulins, sul-
fonylureas, iDPP4, sodium-glucose co-transporter 2 inhibitors (iSGLT2),
GLP1 and other hypoglycaemic agents excluding insulins (HNI),
including acarbose, pioglitazone or repaglinide.

2.5. Variables

At baseline, the variables captured were sex, age, body mass index

(BMI), residence in LTCF, smoking habit, glycated haemoglobin
(HbA1c) measured up to 6 months before COVID-19 infection, years
since type 2 diabetes diagnosis, comorbidities (ICD-10 codes), and drug
exposure (ATC codes).

Main severity outcomes: rates of hospital admission and mortality.
The risk of these events was analysed comparing patients exposed to
metformin with those non-exposed to metformin (but with exposure to
any other antidiabetic drug).

2.6. Statistical analysis

Quantitative variables were described as the mean and standard
deviation or median and interquartile range, whereas categorical vari-
ables were described as the proportion over the exposed and non-
exposed individuals. Univariate analyses were based on Student’s t-
test or Chi-square test depending on the variable type.

For each outcome, composite severe event and death related to
covid-19 infection, we fitted a logistic regression model to estimate an
odds ratio (OR) comparing the prevalence of each outcome among in-
dividuals exposed to metformin monotherapy (reference population) to
those exposed to other antidiabetic treatments or not being treated. The
logistic model was fitted including other covariables such as gender, age,
obesity, smoking habits, HbAlc at index date, history of diabetes,
comorbidities, and concomitant drugs. Variable selection was per-
formed using the AIC-based stepwise backward procedure and we used
the Wald test on the fitted coefficient to determine whether the log-odds
was significantly different from zero at a 0.05 level. All analyses were
performed in R software (v4.1.0 or above).

3. Results

We included 31,006 people with type 2 diabetes who were infected
with SARS-CoV-2 from March to June 2020, 21,131 (68.2%) were
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Fig. 2. Frequency of severe outcomes of the COVID-19 infection per antidiabetic treatment: a) Any of the severe outcomes; hospitalization or mortality. b) Mortality.
Fig. 2 shows the frequency of events per antidiabetic treatment. The vertical dotted line corresponds to the frequency of events in those under metformin mono-
therapy. The treatments showed are the 30 most frequent ones and include: GLP1; glucagon-like peptide-1 analogues, iDPP4; dipeptidyl peptidase 4 inhibitors,
iSGLT2; sodium-glucose co-transporter 2 inhibitors, HNI; other hypoglycaemic agents, non-insulin.

receiving treatment with antidiabetic drugs and 13,549 (43.7%) of them
were exposed to metformin. There were more diabetic men (15,903,
51.3%) than women, the mean age of all patients included was 71.5
years-old and 50.9% were current smokers. The most frequent comor-
bidities were hypertension (71.1%), obesity (57.2%) and respiratory
diseases (38.2%), and the most prescribed comedications were psycho-
tropic drugs (52.0%), non-steroidal anti-inflammatory drugs (43.9%),
and angiotensin converting enzyme inhibitors (30.1%). Table 1 shows
the baseline characteristics for all population and for those receiving
metformin in monotherapy.

The exposure to antidiabetic drugs is described in Table 2; 56.7% of
the antidiabetic drugs’ users were treated in monotherapy. The most
used pharmacological groups were metformin (64.1%), insulins (26.4%)
and iDPP4 (24.3%). The most frequent drugs in monotherapy and in
combination are shown in Fig. 1.

At least one of the main outcomes of the study occurred in 8035
(25.9%) diabetic patients: hospitalization in 5096 (16.4%) and death in
4678 (15.1%). In Fig. 2 we present the frequency of events (in per-
centage) per antidiabetic treatment. Vertical dotted line shows the fre-
quency of events in those under metformin monotherapy, the reference
group. Treatments with the circle on the right of the line, as untreated,
treated with insulin monotherapy, with metformin plus iDPP4, or with a
combination of insulin and metformin showed higher frequencies of
severe events in comparison to the reference drug.

Fig. 3 shows the risk of severe outcomes per antidiabetic treatment.
Those patients treated with insulins alone (OR 1.29, 1.11-1.50) or in
combination with metformin (OR 1.38, 1.13-1.69), or iDPP4 alone (OR
1.29, 1.03-1.63) had a significant higher risk of experiencing any of the
severe outcomes than those in metformin monotherapy. For untreated,

the results were not statistically significant (OR 1.09, 95% CI
0.98-1.22). Other less frequent combinations showed significant higher
risk of hospitalisation or death than metformin; metformin
+ sulfonylureas + either iDPP4 or /insulin, or insulin plus other hypo-
glycaemic drugs.

Those receiving any insulin alone (OR 1.61, 1.32-1.97) or insulins
combined with metformin (OR 1.69, 1.30-2.20) had a higher risk of
mortality than those in metformin monotherapy. Other less common
combinations showing a higher mortality risk were metformin
+ sulfonylurea + insulin and insulin + GLP1.

4. Discussion

We analysed the outcomes of COVID-19 infection in 31,006 diabetic
patients, comparing those chronically treated with metformin with
those treated with other antidiabetic drugs. In our population, patients
receiving only insulin, insulin combined with metformin or iDPP4 in
monotherapy had a higher risk of experiencing hospitalization or death
in comparison with people treated with metformin in monotherapy.

A recent study published in Spain analysed the sociodemographic,
clinical and analytical variables associated with the need for hospital
admission due to COVID-19 complications in a PHC cohort and specif-
ically assessed whether diabetes entailed higher risk, finding that it did
not increased risk of hospitalization in this population (OR 1.18, 95% CI
0.80-1.72) [30].

Different antidiabetic drugs have been studied for their anti-
inflammatory properties and other effects which could help improving
COVID-19 complications in diabetic patients from different settings.
Yang W. et al. conducted a meta-analysis of 17 studies including 20,719
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Fig. 3. Risk of the severe outcomes per antidiabetic treatment: a) Any of the severe outcomes; hospitalization or mortality. b) Mortality. The treatments showed are
the 30 most frequent ones and include: GLP1; glucagon-like peptide-1 analogues, iDPP4; dipeptidyl peptidase 4 inhibitors, iSGLT2; sodium-glucose co-transporter 2
inhibitors, HNI; other hypoglycaemic agents, non-insulin. OR and 95% CI, adjusted.

COVID-19 diabetic patients and found that metformin could benefit
mortality and severity (OR 0.64, 95% CI 0.51-0.79; and OR 0.81, 95% CI
0.66-0.99, respectively) [31]. In our study, we found lower risk of se-
vere outcomes for patients receiving metformin in monotherapy when
compared to other antidiabetic treatments, as insulin alone or associated
to metformin, or iDPP4, but not comparing with other treatments.
Chen Y et al. performed a meta-analysis of 35 studies and found that

metformin, iDPP4, iSGLT2 and GLP1 (OR 0.74, 0.88, 0.82 and 0.91,
respectively) were highly possible to reduce mortality risk and insulin
might be related to increased mortality risk (OR 1.8) [32]. We also found
a higher mortality risk with insulin.

In another review of 61 studies analysing pre-admission medication,
the authors found protective effect against COVID-related death with
metformin, GLP1, and iSGLT2 (OR 0.54, 0.50 and 0.60, respectively);
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and users of iDPP4 and insulin (OR 1.23 and 1.70) were more likely to
die during hospitalization [33].

Metformin and sulfonylureas were studied in another meta-analysis
including 18 studies with 17,338 patients, which found that both
drugs were associated with lower mortality risk in COVID-19 diabetic
patients (OR 0.69, 95% CI 0.55-0.86 for metformin and 0.80, 95% CI
0.66-0.96 for sulfonylureas) [34].

With regards to iDPP4, this meta-analysis also found that mortality
was not different between users and non-users (OR 0.72, 0.51-1.01)
[34]. Yang Y. et al. pooled the results of four articles to investigate if
iDPP4 had a protective effect on the progression of COVID-19, and they
found an improvement in the mortality risk in iDPP4 users (OR 0.58,
95% CI 0.34-0.99) [35]. Patoulias et al. found that these drugs admin-
istered during hospital admission decreased the risk for
COVID-19-related death by 50% [36]. We found divergent results for
this pharmacological group, with a higher risk of hospital admission or
death in comparison with metformin users.

Regarding the insulins, the meta-analysis of Kan et al. mentioned
above found that patients treated with insulin exhibited greater mor-
tality (OR 2.20, 1.34-3.60) [34]. Other studies found negative outcomes
associated with insulin, as Chen et al. with an OR= 3.58, 95% CI
1.37-9.35 for poor prognosis, [37] or Yu et al. with a significant increase
in mortality (27.2% vs 3.5%, HR 5.38, 2.75-10.54) when they compared
insulin users with non-users [38]. These results were similar to ours, as
we also found a higher risk of severe outcomes for insulin in mono-
therapy or associated with metformin respect metformin alone. The fact
that insulin is the hypoglycaemic agent of choice for managing critically
ill patients or that it is a third-line therapy for diabetic patients could
have influenced these outcomes, as all of them might have worst prog-
nosis [18,39].

We found a high percentage of diabetic patients not receiving
treatment (31.8%) in our population and we do not know if the results
would have been different analysing only antidiabetic users or only
adherent patients. We are not able to rule out that the results obtained
can be more associated with the level of metabolic control than to the
chronic antidiabetic therapy. We have adjusted by years of evolution of
the diabetes and by the metabolic control as per HbAlc.

Among other limitations of our study there is the reliability of the
COVID-19 diagnoses; we included patients without a confirmed result as
during the first wave of the pandemic in our setting PCR test were not
always performed. This limitation has been described in other research
as during the beginning of the pandemic diagnosis test for COVID-19
were not widely available, and clinical algorithms have been used to
assess COVID-19 diagnosis [40]. Another limitation is that our database
is a PHC database and it only records the dates of admission and di-
agnoses and cause of discharge, so it is necessary to consider the lack of
hospital information; for instance, we cannot capture ICU admission,
ventilation or treatments and interventions administered during the
admission, which clearly have influence in the prognosis and outcomes
of COVID-19.

Some strengths of our study include the large number of patients
included, representativeness for general population, and complete socio-
demographic data. We must highlight that our cohort are PHC patients,
so we have estimated the risk of death and hospitalization for a different
population from the only hospitalized ones that are usually studied.

5. Conclusions

We described hospital admission and mortality rates in a large cohort
of diabetic patients infected with SARS-CoV-2.

Patients treated with metformin in monotherapy had lower risk of
hospitalization and death in comparison to other frequent antidiabetic
treatments in our setting.

With the data available, we cannot distinguish if better outcomes are
related with the antidiabetic therapy or with other factors, such as
metabolic control or interventions applied during the hospital
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