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Risk factors for COVID-19 case
fatality rate in people with type
1 and type 2 diabetes mellitus: A
nationwide retrospective cohort
study of 235,248 patients in the
Russian Federation

M. V. Shestakova, O. K. Vikulova*, A. R. Elfimova, A.
A. Deviatkin, I. I. Dedov and N. G. Mokrysheva

Endocrinology Research Centre, Moscow, Russia
The aim: To study the association of demographic, clinical, and laboratory

factors and the use of glucose-lowering drugs and anti-coronavirus disease

(COVID-19) vaccination with the COVID-19-related case fatality rate (CFR) in

diabetes mellitus (DM) patients.

Methods: This study is a nationwide observational cohort study based on the

data from the National Diabetes Register (NDR) that is the database containing

online clinical information about the population with DM. The outcomes (death

or recovery) for COVID-19 were registered in 235,248 patients with DM [type 1

diabetes mellitus (T1DM), n = 11,058; type 2 diabetes mellitus (T2DM), n =

224,190] from March 20, 2020, until November 25, 2021. The unadjusted odds

ratio (OR) and 95% confidence interval (CI) were used to estimate the risk

factors for CFR. Then the ranging of significant factors was performed and the

most vulnerable groups of factors for the lethal outcome were chosen.

Results: The CFR due to COVID-19 was 8.1% in T1DM and 15.3% in T2DM.

Increased CFR was associated with the male population [OR = 1.25 (95% CI:

1.09–1.44) in T1DM and 1.18 (95% CI: 1.15–1.21) in T2DM], age ≥65 years [OR =

4.44 (95% CI: 3.75–5.24) in T1DM and 3.18 (95% CI: 3.09–3.26) in T2DM], DM

duration ≥10 years [OR = 2.46 (95% CI: 2.06–2.95) in T1DM and 2.11 (95% CI:

2.06–2.16) in T2DM], body mass index (BMI) ≥30 kg/m2 [OR = 1.95 (95% CI:

1.52–2.50)] in T1DM, HbA1c ≥7% [OR = 1.35 (95% CI: 1.29–1.43)] in T2DM. The

atherosclerotic cardiovascular disease (ASCVD) and chronic kidney disease

(CKD) were associated with higher CFR in T1DM but not in T2DM. The pre-

COVID-19 glucose-lowering therapy in T2DM was differently associated with

CFR (OR): 0.61 (95% CI: 0.59–0.62) for metformin, 0.59 (95% CI: 0.57–0.61) for

dipeptidyl peptidase-4 inhibitors (DPP-4 inhibitors), 0.46 (95% CI: 0.44–0.49)

for sodium-glucose co-transporter-2 (SGLT2) inhibitors, 0.38 (95% CI: 0.29–

0.51) for glucagon-like peptide-1 receptor agonists (arGLP-1), 1.34 (95% CI:

1.31–1.37) for sulfonylurea (SU), and 1.47 (95% CI: 1.43–1.51) for insulin. Anti-
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COVID-19 vaccination was associated with a lower fatality risk in both DM

types: OR = 0.07 (95% CI: 0.03–0.20) in T1DM and OR = 0.19 (95% CI: 0.17–

0.22) in T2DM.

Conclusions: The results of our study suggest that increased COVID-19-

related fatality risk in both T1DM and T2DM patients associated with the male

population, older age, longer DM duration, and absence of anti-COVID-19

vaccination. In T2DM, pre-COVID-19 glucose-lowering therapy with

metformin, DPP-4 inhibitors, SGLT2 inhibitors, and arGLP-1 had a positive

effect on the risk of death. The most vulnerable combination of risk factors for

lethal outcome in both DM types was vaccine absence + age ≥65 years + DM

duration ≥10 years.
KEYWORDS

diabetes mellitus, COVID-19, case fatality rate, anti-COVID-19 vaccination, glucose-
lowering therapy
Introduction

The first coronavirus disease 2019 (COVID-19) cases

occurred in December 2019 (1). Several months later, the

infection spread globally, affecting almost every area of

human life. In total, as of March 20, 2022, WHO published

data of over 6 million registered deaths caused by COVID-19

and over 468 million confirmed cases (2). According to the

nationwide statistics, as of May 20, 2022, 18.28 million

COVID-19 cases were registered and 378,000 are deceased

(3) in Russia. In other words, the case fatality rate (CFR) was

near 2.1%. The real burden of the pandemic could be even

higher; a comparison of excessive mortality and COVID-19-

related death numbers suggested that infection impact is

significantly underestimated (4). The coronavirus pandemic

has negatively impacted the management of diabetes mellitus

(DM) patients (5). The mortality risk for COVID-19 is not the

same for different population cohorts (6). Infection of diabetic

patients by Severe acute respiratory syndrome-related

coronavirus 2 (SARS-CoV-2) results in a more severe course

of COVID-19 and increases the risk of complications and poor

outcomes. The male population, older age, and worse glycemic

control associated with increased COVID-19 mortality in

people with diabetes (7–10). At the same time, it remains

controversial which kind of antidiabetic therapy should be

continued or canceled in infected patients (11). It was

demonstrated that COVID-19 mortality is higher in patients

taking insulin and lower in patients taking metformin (12). At

the same time, the effect of drug intake depends on the severity

of coronaviral infection. For example, the use of metformin and

sodium-glucose co-transporter-2 (SGLT2) inhibitors in

critically ill patients is not recommended (13, 14). However,
02
these results should be taken with caution due to the absence of

a clear indication to change the therapy of diabetic patients

with coronavirus infection. Additional large-scale studies are

necessary to clarify the situation. Still, there is a lack of

information concerning the preventive effects of anti-

COVID-19 vaccination on the mortality rate of patients

with diabetes.

The comprehensive evaluation of the course outcomes in the

representative dataset of the affected population could reveal risk

factors and therapy associated with increased mortality. In our

study, we analyzed the data of more than 235,000 patients with

DM of the National Diabetes Register (NDR) with a reported

outcome of coronavirus infection.

The aim of the study was to estimate the CFR and risk

factors for death in people with type 1 diabetes mellitus (T1DM)

and type 2 diabetes mellitus (T2DM) with confirmed or highly

suspected COVID-19.
Materials and methods

Study design and data sources

We performed a nationwide observational cohort study

based on the data from the NDR to assess the risk factors

associated with COVID-19-related death. The clinical and

epidemiological monitoring of DM in the Russian Federation

was performed through the NDR since 1996. The

methodological and organizational reference center for NDR is

the Endocrinology Research Centre (Moscow, Russia). The NDR

obtains the DM data from 84 regions of the Russian

Federation (15).
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All of the patients have signed the informed consent form to

provide their medical data for reporting to the register. The

study protocol, based on the analysis of the depersonalized NDR

dataset, was approved by the local ethics committee of

Endocrinology Research Centre, Moscow, Russia, on April 30,

2020 (protocol №6).

Since March 20, 2020, three additional fields have been

added for registration to the NDR:
Fron
• Diagnosed case of COVID-19 or viral pneumonia: Yes/

No

• Laboratory or CT-confirmed COVID-19: Yes/No/Not

done

• COVID-19/pneumonia outcome: Recovery/Death
As of November 25, 2021, the NDR included in total

4,919,826 patients with DM (i.e., 3.37% of the population of

the Russian Federation); among them, 269,500 had T1DM, 4.55

million had T2DM, and 105,100 had other types of diabetes.

In total, the analysis covered 235,248 NDR records of

patients with diabetes, who have had COVID-19 or viral

pneumonia, with the specified outcome (death or recovery) in

the period from March 20, 2020, to November 25, 2021. The

data were reported to the NDR by local physicians based on the
tiers in Endocrinology 03
primary medical records, laboratory results, and the outcomes

indicated in the certificates of the Russian State system of death

and birth registration.

For 20 months of data reporting, 11,058 patients with T1DM

and 224,190 with T2DMwere available for the analysis. COVID-

19 was confirmed by positive PCR testing in 186,364 patients

(79.2%). The remaining 48,884 patients (20.8%) had no PCR

tests performed or negative PCR; however, the COVID-19

diagnosis was confirmed by a CT scan. Those patients who

had negative PCR testing but “positive” CT scans of the lungs

were considered as highly suspected for COVID-19, so we

assumed them to be eligible for inclusion in the study.

The dataset covered 35,088 cases of death and 200,160 cases

of survivors. All of the included patients had clinical and

laboratory data obtained at the last visit before COVID-19

during the period from March 20, 2020, to November 25, 2021.

The study design is presented in Figure 1.
Objectives and outcomes

The objective of this analysis was to assess the association of

demographic, clinical, and laboratory characteristics, pre-COVID-

19 glucose-lowering therapy (in T2DM), and anti-COVID-19
FIGURE 1

Study design.
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vaccination status with the fatality cases due to COVID-19 and

identify the risk factors for the death.

The CFR was calculated as the ratio of death cases (n,

absolute number) to the total number of patients with

COVID-19 (N, absolute number), presented in %.
Covariates and factors

Covariates and factors were exported from the database of

NDR. Age and DM duration were calculated for the index date

as of November 25, 2021. The most recent laboratory data and

measurements obtained at the last visit before COVID-19 were

glycated hemoglobin (HbA1c) level, body mass index (BMI),

systolic (SBP) and diastolic blood pressure (DBP), estimated

glomerular filtration rate (eGFR), total cholesterol, high-density

lipoprotein (HDL), low-density lipoprotein (LDL), and

triglyceride (TG) levels, as well as qualitative factors: sex,

history of confirmed atherosclerotic cardiovascular disease

(ASCVD) and chronic kidney disease (CKD), anti-COVID-19

vaccination status in both DM types and in T2DM—the pre-

COVID-19 glucose-lowering therapy [insulin, metformin,

sulfonylureas (SU), inhibitors of dipeptidyl peptidase 4 (DPP-4

inhibitors), SGLT2 inhibitors, glucagon-like peptide-1 receptor

agonists (arGLP-1)]. Acarbose and thiazolidinediones were not

included in the analysis due to very low frequency in the Russian

Federation. Individual drug risks were assessed as part of

combination therapy.

The HbA1c level was measured with standardized methods

in accordance with the Diabetes Control and Complications

Trial (DCCT) and National Glycohemoglobin Standardization

Program (NGSP) standard.

ASCVD was determined as one or more of these conditions:

myocardial infarction, stroke, chronic heart disease, chronic

heart failure, or revascularization surgery. CKD was defined as

morning urine albumin/creatinine ratio >3 mg/mmol or 30 mg/g

or eGFR <60 ml/min/1.73 m2 due to the standard CKD-Chronic

Kidney Disease Epidemiology Collaboration Formula

(EPI) formula.
Statistical analysis

Statistical analysis of the data was carried out in the software

packages Statistica 13.0 (Tibco, USA), SPSS 26 (IBM, USA), and

in the R environment (version 3.6.3). Descriptive statistics was

presented by medians and first, third quartiles [Q1; Q3] for

quantitative characteristics and relative frequencies for

qualitative ones.

Comparison of two independent groups for quantitative data

was performed using the Mann–Whitney test (U-test). The

frequencies of qualitative features were compared with each

other using the chi-square test (c2) and Fisher criterion.
Frontiers in Endocrinology 04
The association between covariates and factors and mortality

risk was expressed as the unadjusted odds ratio (OR) and 95%

confidence interval (CI). OR >1 represented an increase of

mortality, and those with <1 represented a decrease. Such

covariates as age, HbA1c, and BMI were presented as binary

factors by splitting them by cutoff points: 65 years, 7%, and 30

kg/m2, respectively. At the next step, the multivariate logistic

regression analysis was conducted to calculate the adjusted OR

for all factors used in univariate analysis.

To identify the most vulnerable group at risk of lethal

outcome due to COVID-19, we conducted the analysis for

combinations of the most significant factors, which showed

the significance in the univariate analysis. Risk factors (OR >1)

were ranked by OR value (calculated by univariate analysis) in

descending order and protective factors (OR <1) in ascending

order. The protective factor vaccination with OR <1 to include in

group risk analysis was recalculated as the absence of

vaccination. So, we have chosen six combinations of the most

important factors out of 57 possible factor combinations in

T1DM and 4,083 combinations in T2DM.

The level of significance was assumed if p < 0.05. For

multiple comparisons of indicators, the critical level of

significance (Р0) of statistical results was recalculated with

Bonferroni correction.
Results

The study included 235,248 patients with T1DM and T2DM

from 84 regions of the Russian Federation, including 76,220

(32%) men and 159,028 (68%) women.

The CFR due to COVID-19 in total of both T1DM and

T2DM patients was 14.9% (35,088 out of 235,248); in patients

with T1DM, 8.1% (896 out of 11,058), and in patients with

T2DM, 15.3% (34,192 out of 224,190).

According to the outcome, the clinical aspects of T1DM and

T2DM patients are presented in Tables 1–3, respectively.

People with both DM types who died, when compared with

the recovered, were significantly older, and most of them were

men and had a longer DM duration, higher BMI, higher SBP and

DBP, and less eGFR (Tables 1, 2). Additionally, in T1DM, there

were significantly higher TG levels (Table 1); in T2DM, higher

HbA1c levels (Table 2).

Patients with T1DM who died were more likely to have a

history of ASCVD and CKD (Table 1). Surprisingly and in

contrast to T1DM, in recovered compared with the T2DM

patients who died, there were more ASCVD and CKD and

higher TG and LDL levels (Table 2).

Univariate analysis (crude OR) for COVID-19 outcome

risk factors showed that increased CFR was associated with the

male population [OR = 1.25 (95% CI: 1.09–1.44) in T1DM and

1.18 (95% CI: 1.15–1.21) in T2DM], age ≥65 years [OR = 4.44

(95% CI: 3.75–5.24) in T1DM and 3.18 (95% CI: 3.09–3.26) in
frontiersin.org
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T2DM], DM duration ≥10 years [OR = 2.46 (95% CI: 2.06–

2.95) in T1DM and 2.11 (95% CI: 2.06–2.16) in T2DM], BMI

≥30 kg/m2 [OR = 1.95 (95% CI: 1.52–2.50) in T1DM], and

HbA1c ≥7% [OR = 1.35 (95% CI: 1.29–1.43) in T2DM]

(Figures 2, 3).

The CFR was significantly higher in T2DM patients

receiving insulin and SU and significantly lower in those

taking metformin, DPP-4 inhibitors, SGLT2 inhibitors, and

arGLP-1 (on therapy vs. no therapy) before the viral

disease (Table 3).

Pre-COVID-19 glucose-lowering therapy in T2DM was

differently associated with death outcomes (OR): 0.61 (95%

CI: 0.59–0.62) for metformin, 0.59 (95% CI: 0.57–0.61) for

DPP-4 inhibitors, 0.46 (95% CI: 0.44–0.49) for SGLT2

inhibitors, 0.38 (95% CI: 0.29–0.51) for arGLP-1, 1.34 (95%

CI: 1.31–1.37) for SU, and 1.47 (95% CI: 1.43–1.51) for insulin

therapy (Figure 3).

Patients with T1DM and T2DM who were vaccinated

against COVID-19 had likewise less CFR (Tables 1, 2). A

posteriori comparison of fatality rate in groups of T2DM
Frontiers in Endocrinology 05
patients who were vaccinated by different vaccines showed

that the CFR was significantly lower in the group with Sputnik

Light vaccine than that in the group with Gam-COVID-Vac,

CoviVac, and EpiVacCorona vaccines (p = 0.002, p = 0.008, p <

0.001, c2 with Yates’s correction, respectively). Anti-COVID-19

vaccination was associated with lower CFR in both DM types

[0.07 (95% CI: 0.03–0.20) in T1DM and 0.19 (95% CI: 0.17–

0.22) in T2DM] (Figures 2, 3).

At the next step, we have provided multivariate analysis to

calculate the adjusted OR. It should be noticed that most factors

lost statistical significance according to the p-value due to

multivariate analysis (Tables S1, S2).

The combinations of the most important factors were

formed according to the algorithm based on the univariate

analysis. The following six factor combinations (three for

T1DM and three for T2DM) were chosen:

For T1DM:
1. Vaccine absence, age ≥65 years, DM duration ≥10 years
TABLE 1 Clinical characteristics of T1DM patients according to the outcome (death/recovery) (n = 11,058).

Factor Recovery Death p-value

N Descriptive statistics N Descriptive statistics

Sex Men, % 5,103 50.22% 500 55.80% 0.0012

Women, % 5,059 49.78% 396 44.20%

Diabetes duration, years, median [Q1; Q3] 10,078 14 [7; 23] 896 21 [13; 31] <0.0011

Age, years, median [Q1; Q3] 10,162 40 [31; 52] 896 55 [41; 65] <0.0011

HbA1c, %, median [Q1; Q3] 6,195 7.7 [6.9; 8.8] 229 7.8 [7.0; 8.8] 0.2771

BMI, kg/m2, median [Q1; Q3] 7,648 24.75 [21.89; 28.09] 341 25.69 [22.68; 30.25] <0.0011

DBP, mmHg, median [Q1; Q3] 6,379 80 [70; 80] 301 80 [78; 80] <0.0011

SBP, mmHg, median [Q1; Q3] 6,389 120 [120; 130] 302 130 [120; 135] <0.0011

eGFR, ml/min/1.73 m2, median [Q1; Q3] 5,905 92 [74; 109] 244 73 [43; 95] <0.0011

Total cholesterol, mmol/l, median [Q1; Q3] 5,456 4.7 [4.1; 5.5] 213 4.7 [4.0; 5.5] 0.1381

LDL, mmol/l, median [Q1; Q3] 2,232 2.6 [2.1; 3.4] 75 2.7 [2.0; 3.4] 0.8391

HDL, mmol/l, median [Q1; Q3] 1,869 1.4 [1.2; 1.8] 61 1.2 [1.1; 1.5] 0.0131

TG, mmol/l, median [Q1; Q3] 2,691 1.1 [0.8; 1.6] 85 1.3 [1.1; 2.0] <0.0011

ASCVD, % 2,913 28.67% 361 40.29% <0.0012

CKD, % 4,316 42.47% 502 56.03% <0.0012

Anti-COVID-19 746 40.13% 4 4.71% <0.0013

Vaccination, %

Anti-COVID-19 Sputnik V (Gam-COVID-Vac), % 581 5.72% 2 0.22% –

Vaccine CoviVac, % 19 0.19% 0 0.00%

Sputnik Light, % 54 0.53% 0 0.00%

EpiVacCorona, % 32 0.31% 0 0.00%
fronti
1U-test.
2c2.
3c2 with Yates’s correction.
P0 = 0.05/16 = 0.003.
Data are % or median and first, third quartiles [Q1; Q3].
HbA1c, glycated hemoglobin level; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG,
triglyceride; ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; COVID19, coronavirus disease.
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2. Vaccine absence, age ≥65 years, DM duration ≥10 years,

BMI ≥30 kg/m2

3. Vaccine absence, age ≥65 years, DM duration ≥10 years,

male sex
For T2DM:
1. Vaccine absence, age ≥65 years, DM duration ≥10 years

2. Vaccine absence, age ≥65 years, DM duration ≥10 years,

insulin

3. Vaccine absence, age ≥65 years, DM duration ≥10 years,

HbA1c ≥7%
The results of combination analysis are presented in Tables

S3, S4. According to our results, there is a substantial increase in

the risk of lethal outcome in the presence of factor combination

compared to the risk of individual factors. For T1DM, the most

important combination is vaccine absence + age ≥65 years + DM

duration ≥10 years that increased the risk of lethal outcome

compared to the individual risk of age and DM duration in 2–

385 and 3.5–685 times, respectively (based on boards of ORs and
tiers in Endocrinology 06
CIs; CIs do not intersect), while the high significance of the

vaccine is comparable both individually and in combination. For

T2DM, the most important combination is vaccine absence +

age ≥65 years + DM duration ≥10 years + insulin that increased

the risk of lethal outcome compared to the individual risk of

these factors in 5–7, 7–13, 11–19, and 16–28 times, respectively

(based on boards of ORs and CIs; CIs do not intersect).
Discussion

According to epidemiological studies, DM is one of the most

common comorbidities in COVID-19. About 30%–40% of

severe COVID-19 cases occurred in people with T2DM or

T1DM (16).

The systematic review and meta−analysis of 87 studies

published by Corona et al. (17) showed that, among the

associated morbidities, DM was the strongest predictor of in-

hospital mortality; it was 25% in the United States, 20% in

Europe, and 13% in Asia. But only a few publications represent
TABLE 2 Clinical characteristics of T2DM patients according to the clinical outcome (n = 224,190).

Factor Recovery Death p-value

N Descriptive statistics N Descriptive statistics

Sex Men, % 58,793 30.94% 11,824 34.58% <0.0012

Women, % 131,205 69.06% 22,368 65.42%

Diabetes duration, years, median [Q1; Q3] 186,411 7 [2; 12] 34,192 10 [6; 15] <0.0011

Age, years, median [Q1; Q3] 189,998 65 [59; 71] 34,192 72 [65; 79] <0.0011

HbA1c, %, median [Q1; Q3] 97,702 7.2 [6.6; 8.1] 6,963 7.3 [6.8; 8.2] <0.0011

BMI, kg/m2, median [Q1; Q3] 137,752 31.89 [28.52; 35.84] 10,794 32.03 [28.40; 36.44] <0.0011

DBP, mmHg, median [Q1; Q3] 119,222 80 [80; 85] 9,348 80 [80; 90] <0.0011

SBP, mmHg, median [Q1; Q3] 119,310 130 [130; 140] 9,355 130 [130; 140] <0.0011

eGFR, ml/min/1.73 m2, median [Q1; Q3] 108,347 72 [60; 87] 7,434 66 [52; 81] <0.0011

Total cholesterol, mmol/l, median [Q1; Q3] 99,967 5.0 [4.2; 5.8] 7,040 5.0 [4.2; 5.6] <0.0011

LDL, mmol/l, median [Q1; Q3] 36,715 2.7 [2.1; 3.5] 2,154 2.6 [2.0; 3.3] <0.0011

HDL, mmol/l, median [Q1; Q3] 30,210 1.3 [1.0; 1.5] 1,817 1.2 [1.0; 1.6] 0.6301

TG, mmol/l, median [Q1; Q3] 42,684 1.6 [1.2; 2.2] 2,860 1.5 [1.1; 2.0] <0.0011

ASCVD, % 109,478 57.62% 17,729 51.85% <0.0012

CKD, % 69,475 36.57% 11,261 32.93% <0.0012

Anti-COVID-19 13,278 39.50% 352 11.22% <0.0012

Vaccination, %

Anti-СOVID-19 Vaccine Sputnik V (Gam-COVID-Vac), % 11,056 5.82% 253 0.74% <0.0013

CoviVac, % 84 0.04% 3 0.01%

Sputnik Light, % 782 0.41% 1 0.00%

EpiVacCorona, % 455 0.24% 18 0.05%
fronti
1U-test.
2c2.
3Fisher’s test.
P0 = 0.05/16 = 0.003.
Data are % or median and first, third quartiles [Q1; Q3].
HbA1c, glycated hemoglobin level; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG,
triglyceride; ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease.
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the analyses of the mortality or CFR in people with T1DM and

T2DM based on the population-based nationwide observational

studies using the data from NDRs (8, 9, 18).

Our study was based on the analysis of the nationwide DM

registry population. According to our data, CFR was 14.9% in

the total group of DM patients, 8.1% in T1DM, and 15.3% in

T2DM. In the general population of the Russian Federation as of

November 2021, the reported COVID-19-related CFR was

around 3% (19). Thus, the CFR in diabetes was 2.7 times

higher in T1DM and 5.1 times higher in T2DM than that in

the general population.

The similar increase in mortality due to COVID-19 in

people with both DM types was demonstrated in the

population-based study conducted in England (9). In this

study, the increased COVID-19-related mortality was also

associated with the male population, older age, and poor

glycemic control as in our study. Additionally, it was found

that previous stroke, heart failure, and CKD were associated with

increased COVID-19-related mortality in both T1DM and

T2DM (9). In our study, the higher level of fatal outcomes in

people with ASCVD and CKD was found only in T1DM but not

in T2DM. In T1DM with ASCVD and CKD, the CFR was higher
Frontiers in Endocrinology 07
than that in T1DM without these comorbidities (11.0% vs. 6.9%,

p < 0.001 for ASCVD; 10.4% vs. 6.3%, p < 0.001 for CKD).

In T2DM in our study, the frequencies of ASCVD and CKD

were unexpectedly higher in the recovered group than those in

the group with lethal outcome. We suppose that people with

T2DM and comorbidities, unlike those without, were

additionally taking the organoprotective medications for blood

pressure lowering (renin-angiotensin system blockers), statins

and antiplatelet therapy. Such therapy is mostly associated with a

lower mortality risk due to COVID-19 (20–22). Unfortunately,

in our study, we did not analyze the association of taking these

medications and COVID-19 outcome due to the absence of data.

The association between the level of HbA1c and COVID-19

mortality rate in patients with DM is still contradictory. A

systematic review and meta‐analysis published by Prattichizzo

et al. (23) showed that a higher HbA1c was associated with an

increased COVID‐19-related mortality or worsening of

symptoms in patients with DM [OR = 1.01 (95% CI: 1.01–

1.01), p < 0.00001]. This analysis included reporting data

regarding HbA1c values before or during hospital admission

and involved 1,524,573 DM patients with available HbA1c data,

298,850 of them being with T1DM. The authors mention that
TABLE 3 Comparison of CFR in T2DM groups according to the kind of receiving pre-COVID-19 glucose-lowering therapy (yes/no) (n = 224,190).

Factor On therapy No therapy p-value

Recovery Death CFR, % Recovery Death CFR, %

Insulin 47,112 11,159 19.2% 142,866 23,033 13.9% <0.0012

Metformin 139,637 21,471 13.3% 50,361 12,721 20.2% <0.0012

SU 76,548 16,248 17.5% 113,450 17,944 13.7% <0.0012

DPP-4 inhibitors 25,508 2,860 10.1% 164,490 31,332 16.0% <0.0012

SGLT2 inhibitors 15,728 1,364 8.0% 174,270 32,828 15.9% <0.0012

arGLP-1 753 52 6.5% 189,245 34,140 15.3% <0.0012
fronti
2c2.
Data are %.
SU, sulfonylurea; DPP-4 inhibitors, inhibitors of dipeptidyl peptidase 4; SGLT2 inhibitors, sodium-glucose co-transporter-2 inhibitors; arGLP-1, glucagon-like peptide-1 receptor agonists.
FIGURE 2

The analysis for association [odds ratio (OR)] between demographic and clinical characteristics and coronavirus disease 2019 (COVID-19) case
fatality rate (recovery or death outcomes) in patients with type 1 diabetes mellitus (T1DM).
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the findings must be interpreted with caution for a variety of

reasons: the large heterogeneity in study designs, patients’

characteristics, and methods of descriptive statistics. In our

study, HbA1c ≥7% was significantly associated with CFR only

in T2DM [OR = 1.35 (95% CI: 1.29–1.43), p < 0.001] but not in

T1DM [OR = 1.34 (95% CI: 0.96–1.86), p = 0.083]. It should be

mentioned that HbA1c obtained outside of hospitals and not just

before the infection, but at the last outpatient visit before the

infection, might impact the observed results.

Obesity is a recognized risk factor for COVID-19 severity

(hospitalization, intensive care unit admission, the need for

invasive ventilation) but is not so strongly associated with

COVID-19 mortality (24, 25). Some studies found a nonlinear

J-curve association between BMI and COVID-19 severity and

mortality (26). In our study, obesity (BMI ≥30 kg/m2) was

associated with an increased risk of fatal outcomes [OR = 1.95

(95% CI: 1.52–2.50), p < 0.001] in T1DM and there was no

significant association in T2DM [OR = 1.01 (95% CI: 0.97–1.05),

p = 0.618]. Our data for T2DM were obtained on a rather large

sample size (n = 224,190) that elevates the study’s statistical

power and allows to assume that although obesity is associated

with more severe COVID-19 and disease progression,

paradoxically, these associations do not strongly appear to

result in an increased risk of death.

An important aim of our study was to investigate whether

there are associations between prescription of different classes of

antidiabetic drugs and the risk of COVID-19-related fatal

outcomes in T2DM patients. In our nationwide observational

cohort study, based on the large register database, there was

statistical evidence that the use of metformin, DPP-4 inhibitors,

SGLT2 inhibitors, and arGLP-1 in people with T2DM before
Frontiers in Endocrinology 08
COVID-19 infection is associated with a lower fatality rate

compared to those who did not use these drugs before

COVID-19. Quite the opposite, those people who were on

insulin or SU therapy were at a higher risk for death than

those who did not take these drugs before the infection.

Up to now, the largest nationwide observational study to

examine the associations of prescribed antidiabetic drugs with

COVID-19-related mortality is provided by Khunti et al. (12) in

England. In that study, the COVID-19-related mortality in

T2DM was significantly lower in patients prescribed

metformin, SGLT2 inhibitors, and SU and higher in patients

prescribed DPP-4 inhibitors and insulin vs. those not prescribed

these medications (12).

There is no controversy in the opinions of previously published

studies about the association of the decreased COVID-19 mortality

with metformin. Three meta-analyses demonstrated that

metformin was associated with lower COVID-19 mortality: OR =

0.66 (95% CI: 0.56–0.78) (27), OR = 0.64 (95% CI: 0.43–0.97) (28),

OR = 0.37 (95% CI: 0.16–0.59) (29). In all studies, demonstrating

the protective role of metformin, the drug was used before

developing an acute viral infection, respiratory distress syndrome,

and severe hypoxia. Some hypotheses can explain the protective

effect of metformin on COVID-19 outcomes. Metforminmay cause

phosphorylation of angiotensin-converting enzyme cellular

receptor for SARS-CoV-2 that may cause the protective

properties of this drug in coronavirus infection. As a result, the

receptor’s conformation could be changed, causing a decrease in its

binding with the coronavirus (30). Speculatively, we can suggest

that metformin may play its protective role by activating various

cellular mechanisms, lowering vitamin B12 levels and

immunosuppression, inhibiting the Phosphatidylinositol 3-kinase,
FIGURE 3

The analysis for association [odds ratio (OR)] between demographic and clinical characteristics, glucose-lowering therapy, and coronavirus
disease 2019 (COVID-19) case fatality rate (recovery or death outcomes) in patients with type 2 diabetes mellitus (T2DM).
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alpha kinase threonine-protein, mammalian target of rapamycin

(PI3K/AKT/mTOR) pathway, reducing the formation of blood

clots, reducing lung damage and the severity of fibrosis,

interrupting endocytosis due to a decrease in the acidity of

endosomes and lysosomes, and reducing the synthesis of

inflammatory cytokines such as Interleukin-6 (IL-6) and tumor

necrosis factor a (TNF-a) (30).
There are much less data on the impact of DPP-4 inhibitors

on the outcomes of COVID-19, and the available information is

contradictory (31). In our study, therapy with DPP-4 inhibitors

prior to virus infection was associated with a lower risk of death

[OR = 0.59 (95% CI: 0.57–0.61), p < 0.001]. The same conclusion

was made in the meta-analysis by Yang et al. (32) who analyzed 4

studies with a total of 1,933 patients with COVID-19 and T2DM.

According to this meta-analysis, the use of DPP-4 inhibitors was

negatively associated with the risk of mortality [OR = 0.58 (95%

CI: 0.34–0.99)]. Another meta-analysis included 4,477 T2DM

patients from 9 studies also confirmed that DPP-4 inhibitor use

was associated with lower mortality in COVID-19 patients (33).

The safety of DPP-4 inhibitors was confirmed in a systematic

review by Kan et al. (29), which revealed no significant difference

in mortality between DPP-4 inhibitor users and non-users.

Unlike these studies, Khunti et al. (12) showed a higher

mortality risk for T2DM patients on DPP-4 inhibitor therapy.

We suppose that such differences in the results may be related to

dissimilarities in sample size or confounding adjustment.

There is some encouraging information that SGLT2

inhibitors can protect against a severe course of COVID-19

and poor outcome (12, 34). DARE-19 is the first randomized

study that aimed to investigate the effect of SGLT2 inhibitors on

the rate of poor outcomes in T2DM patients hospitalized with

COVID-19 (35). The frequency of cardiovascular, renal, and/or

respiratory complications, mortality from all causes, and

parameters of clinical recovery (e.g., length of hospitalization)

were assessed in DARE-19. The study included 1,200 patients

randomized to receive dapagliflozin or placebo. In patients with

cardiometabolic risk factors hospitalized with COVID-19,

dapagliflozin did not reduce the risk of organ dysfunction or

death significantly. Nevertheless, this study demonstrated a high

safety profile when using SGLT2 inhibitors even in COVID-19

patients with multiple risk factors (34). The results of our study

demonstrated fewer fatal outcomes in T2DM patients prescribed

SGLT2 inhibitors prior to infection [OR = 0.46 (95% CI: 0.44–

0.49), p < 0.001]. The potential protective effect of SGLT2

inhibitors in COVID-19 may be associated with multiple

pleiotropic properties, including anti-inflammatory action and

a decrease in the severity of oxidative stress, improved

myocardial and endothelial function, improved oxygen

delivery, and increased urine output (36) and with a well-

known cardio- and nephroprotective effect of this class of

drugs (37).

There is still lack of information about arGLP-1 and their

association with COVID-19 outcomes. A recently published
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meta-analysis that included 9 studies with 19,660 T2DM

patients infected with COVID-19 (38) suggests that

preadmission use of arGLP-1 may offer beneficial effects on

COVID-19 mortality in patients with DM. The study by Khunti

et al. (12) and our study demonstrated the same positive results.

The beneficial effect of arGLP-1 may be associated with their

positive cardiovascular effects in T2DM patients both with

established cardiovascular diseases and those at high risk of

cardiovascular diseases (39).

Plenty of publications demonstrated a higher mortality rate

in T2DM patients receiving insulin before an acute COVID-19

(12, 29, 40, 41). Khunti et al. (12) found that insulin users had

increased risk of COVID-19-related mortality [hazard ratio

(HR) = 1.42 (95% CI: 1.35–1.49)]. A meta-analysis made by

Kan et al. (29) showed a higher mortality risk in insulin users

(pooled OR = 2.20; p = 0.002). Chen et al. (40) demonstrated a

higher level of fatal outcomes of COVID-19 in patients with

T2DM using insulin (22.5% vs. 6.1%, p = 0.021). A meta-analysis

by Yang et al. (41) demonstrated an increased risk of COVID-19

mortality in T2DM patients using insulin [OR = 2.10 (95% CI:

1.51–2.93)]. This meta-analysis showed that T2DM patients on

insulin therapy were much more comorbid than those without

insulin therapy. The frequencies of ASCVD, high BP, and CKD

were 68%, 52%, and 45% in insulin users vs. 57%, 46%, and 29%

in insulin non-users (p < 0.001, respectively) (41). The findings

of our study confirm the higher rate of fatal outcomes in T2DM

patients who were treated with insulin before they were infected

with COVID-19 [OR = 1.47 (95% CI: 1.43–1.51), p < 0.001]. We

suggest that interpretation of such results should be done with

caution. The higher fatality rate in insulin-treated T2DM

patients associated not with insulin per se, and the data of

T1DM patients, all of whom are taking insulin, are the great

evidence. That might refer to the poorer glycemic control of such

patients, longer DM duration, and more severity due to

comorbidity state (cardiovascular and renal). In our study, we

did not make the subanalysis of the reasons for poor clinical

outcomes in people with T2DM taking insulin. That is our plan

for future analysis.

One of the most popular classes of antidiabetic drugs in T2DM

is SU. In the study by Khunti et al. (12), SU intake lowered the risk

of COVID-19-related mortality [HR = 0.94 (95% CI: 0.89–0.99)].

The same conclusion was made based on the meta-analysis by Kan

(29)—lowermortality in SU users [OR = 0.80 (95%CI: 0.66–0.96)].

In a systematic review made by Han et al. (42), prescribing of SU/

glinides slightly decreased the mortality [pooled OR = 0.93 (95%CI:

0.89–0.98), p = 0.004] but did not prevent poor composite

outcomes such as ICU admission, respiratory distress syndrome,

and invasive ventilation, [pooled OR = 1.48 (95%CI: 0.61–3.60), p =

0.384]. In our study, we received quite the opposite result

concerning SU uses. The analysis of our database showed that SU

therapy in T2DMwas associated with a higher fatality risk than that

without SU [OR = 1.34 (95% CI: 1.31–1.37), p < 0.001]. The reason

for such discrepancy is not so clear. In the Russian Federation, the
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frequency of SU prescribing in usual clinical practice decreased

from 2016 to 2020 from 56% to 47%; however, it remains rather

high (43). About 27% of T2DM patients receive SU drugs as

monotherapy (43). Previously published data demonstrated that

SU monotherapy vs. metformin monotherapy or switching to SU

after metformin was associated with an increased risk of

cardiovascular events and all-cause mortality (44–46). We suggest

that the negative effect of SU therapy on COVID-19 CFR in the

Russian populationmay be associated with a rather high proportion

of people on SU monotherapy.

In the Russian Federation, four anti-COVID-19 vaccines are

approved for preventing the new coronavirus disease. They are

Sputnik V (Gam-COVID-Vac), Sputnik Light, CoviVac, and

EpiVacCorona. The results of our analysis showed that anti-

COVID-19 vaccination was associated with a lower risk for CFR

in both DM types: OR = 0.07 (95% CI: 0.03–0.20) in T1DM and

0.19 (95% CI: 0.17–0.22) in T2DM. Noteworthy, in the

presumably non-diabetic population, Gam-COVID-Vac usage

OR was estimated to be 0.08 (95% CI: 0.04–0.14) (47). A similar

result was revealed in a study by Dispinseri et al. (48). The

protective effect of neutralizing antibodies against SARS-CoV-2

was confirmed in the general population including DM patients

[HR = 0.28 (95% CI: 0.08–0.98), p = 0.046]. However, it was not

indicated whether the antibodies were the result of vaccination

or a previous COVID-19. The Office for National Statistics in

England reported that the age-standardized mortality rate for

deaths involving COVID-19 is 32 times higher for unvaccinated

people than those who received the second dose (849.7 cases vs.

26.2 per 100,000 person-years, respectively) (49).

In an attempt to verify the most important predictors of

lethal outcome, we performed a multivariate analysis.

Multivariate regression analysis failed to reveal an increase in

the significance of any certain factors. Then, the ranking of

factors was performed based on OR values, and the

combinations of factors with the highest OR values were

selected. Groups’ factor analysis allowed us to identify the

categories of patients most at risk of lethal outcome, including

age ≥65 years, DM duration of diabetes ≥10 years, and the

absence of a vaccine as the most important risk factors for both

DM types, indicating an additive negative effect of factors’

combination. According to our results, in the presence of

several factors, the risk of lethal outcome increases several

times compared to the risk in the presence of individual

factors. So, we could conclude that this group required the

most careful monitoring in case of COVID-19.
Study limitations

The research was based on the retrospective analysis of

the nationwide diabetes register cohort. The research
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included patients with viral respiratory infection or

pneumonia according to the physicians’ reports to the

NDR. COVID-19 was laboratory-confirmed by a positive

PCR test in 186,364 patients and confirmed by CT scan in

48,884 patients, so not all patients had the laboratory-

confirmed disease.

The reported patients with COVID-19 were treated

differently either at home or in hospitals, with doctors having

different experiences in treatment approach and drug supply

that might influence the treatment outcomes. The study focused

on pre-COVID-19 therapy prescription and did not consider

potential changes or discontinuation of treatment, particularly

in COVID-19 hospital settings.

Another important limitation of this study was the inability

to use non-diabetic risk factors that can affect the outcome of

death in COVID-19, such as non-diabetic treatment and

immunodeficiency, since they were not recorded in the

diabetes registry.

We analyzed drug administration in monotherapy and in

the presence of combined drugs. Individual drug risks were

assessed as part of combination therapy.
Conclusion

Retrospective analysis of fatal outcomes in 235,248 DM

patients with COVID-19 revealed a set of risk factors

associated with death outcome. Both in T1DM and T2DM, the

risk factors were the male population, age 65 years or above, and

DM duration of 10 years or above; additionally, in T2DM,

HbA1c ≥7%; in T1DM, BMI ≥30 kg/m2. Therapy with

metformin, DPP-4 inhibitors, SGLT2 inhibitors, arGLP-1

before the infection and anti-COVID-19 vaccination were

associated with a lower CFR, while SU and insulin therapy

was associated with a higher CFR due to COVID-19. The group

with the highest risk of lethal outcome includes patients with a

combination of factors such as an age ≥65 years, DM

duration ≥10 years, and the absence of a vaccine in both DM

types that required the most careful monitoring in case of

COVID-19.
Data availability statement

The datasets presented in this article are not readily available

because according to local ethical policy data are available on

request from the author upon the permission of local ethical

committee of Endocrinology Research Centre, Moscow, Russia.

Requests to access the datasets should be directed to

corresponding author.
frontiersin.org

https://doi.org/10.3389/fendo.2022.909874
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Shestakova et al. 10.3389/fendo.2022.909874
Ethics statement

The studies involving human participants (human data of

register medical reports) were reviewed and approved by local

ethics committee of Endocrinology Research Centre, Moscow,

Russia. The patients/participants provided their written informed

consent for use of medical data register records for the study.
Author contributions

MS, OV, ID and NM conceived and designed the study. AE,

AD, and OV analyzed the data. OV, AD, AE, MS wrote the

paper. ID and NM have done final revision of article. All authors,

reviewed, edited, and approved the manuscript.
Funding

The study was supported by Ministry of Science and Higher

Education of the Russian Federation (agreement no. 075-15-

2022-310).
Frontiers in Endocrinology 11
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fendo.2022.909874/full#supplementary-material
References

1. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of
patients infected with 2019 novel coronavirus in wuhan, China. Lancet (2020) 395
(10223):497–506. doi: 10.1016/S0140-6736(20)30183-5

2. WHO and World Health Organization. Weekly operational update on
COVID-19 Vol. 53). Geneva, Switzerland:World Heal Organ (2021) p. 1–10.

3. Russian Nationwide statistical data about covid-19. Available from: https://
xn–80aesfpebagmfblc0a.xn–p1ai/information/ This reference refers to the data
collected by governmental agency. This information was shared by the
organization.

4. Kung S, Doppen M, Black M, Braithwaite I, Kearns C, Weatherall M, et al.
Underestimation of COVID-19 mortality during the pandemic. ERJ Open Res
(2021) 7(1):00766–2020. doi: 10.1183/23120541.00766-2020

5. Bornstein SR, Rubino F, Khunti K, Mingrone G, Hopkins D, Birkenfeld AL,
et al. Practical recommendations for the management of diabetes in patients with
COVID-19. Lancet Diabetes Endocrinol (2020) 8(6):546–50. doi: 10.1016/S2213-
8587(20)30152-2

6. Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al.
Factors associated with COVID-19-related death using OpenSAFELY. Nature
(2020) 584(7821):430–6. doi: 10.1038/s41586-020-2521-4

7. Rawshani A, Kjölhede EA, Rawshani A, Sattar N, Eeg-Olofsson K, Adiels M,
et al. Severe COVID-19 in people with type 1 and type 2 diabetes in Sweden: A
nationwide retrospective cohort study. Lancet Reg Heal - Eur (2021) 4:100105. doi:
10.1016/j.lanepe.2021.100105

8. Barron E, Bakhai C, Kar P, Weaver A, Bradley D, Ismail H, 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(10):813–22.
doi: 10.1016/S2213-8587(20)30272-2

9. Holman N, Knighton P, Kar P, O’Keefe J, Curley M, Weaver A, 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
(10):823–33. doi: 10.1016/S2213-8587(20)30271-0

10. Ando W, Horii T, Uematsu T, Hanaki H, Atsuda K, Otori K. Impact of
overlapping risks of type 2 diabetes and obesity on coronavirus disease severity in
the united states. Sci Rep (2021) 11(1):17968. doi: 10.1038/s41598-021-96720-x

11. Kazakou P, Lambadiari V, Ikonomidis I, Kountouri A, Panagopoulos G,
Athanasopoulos S, et al. Diabetes and COVID-19; A bidirectional interplay. Front
Endocrinol (Lausanne) (2022) 13:780663/full(February). doi: 10.3389/
fendo.2022.780663/full

12. Khunti K, Knighton P, Zaccardi F, Bakhai C, Barron E, Holman N, 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(5):293–303. doi: 10.1016/S2213-8587(21)
00050-4

13. de Sá-Ferreira CO, da Costa. CHM, guimarães JCW, sampaio NS, Silva l de
ML, de mascarenhas LP, et al. diabetic ketoacidosis and COVID-19: What have we
learned so far? Am J Physiol Metab (2022) 322(1):E44–53. doi: 10.1152/
ajpendo.00244.2021

14. Steenblock C, Schwarz PEH, Ludwig B, Linkermann A, Zimmet P,
Kulebyakin K, et al. COVID-19 and metabolic disease: Mechanisms and clinical
management. Lancet Diabetes Endocrinol (2021) 9(11):786–98. doi: 10.1016/
S2213-8587(21)00244-8

15. Shestakova MV, Vikulova OK, Isakov M, Dedov II. Diabetes and COVID-
19: Analysis of the clinical outcomes according to the data of the Russian diabetes
registry. Probl Endokrinol (Mosk) (2020) 66(1):35–46. doi: 10.14341/probl12458

16. Gregg EW, Sophiea MK, Weldegiorgis M. Diabetes and COVID-19:
Population impact 18 months into the pandemic. Diabetes Care (2021) 44
(9):1916–23. doi: 10.2337/dci21-0001

17. Corona G, Pizzocaro A, Vena W, Rastrelli G, Semeraro F, Isidori AM, et al.
Diabetes is most important cause for mortality in COVID-19 hospitalized patients:
Systematic review and meta-analysis. Rev Endocr Metab Disord (2021) 22(2):275–
96. doi: 10.1007/s11154-021-09630-8

18. McGurnaghan SJ, Weir A, Bishop J, Kennedy S, Blackbourn LAK,
McAllister DA, et al. Risks of and risk factors for COVID-19 disease in people
with diabetes: A cohort study of the total population of Scotland. Lancet Diabetes
Endocrinol (2021) 9(2):82–93. doi: 10.1016/S2213-8587(20)30405-8

19. Oficial information about COVID-19 in Russia (Accessed 25/11/21).
Available from: https://xn–80aesfpebagmfblc0a.xn–p1ai/ .

20. Daniels LB, Ren J, Kumar K, Bui QM, Zhang J, Zhang X, et al. Relation of
prior statin and anti-hypertensive use to severity of disease among patients
hospitalized with COVID-19: Findings from the American heart association’s
COVID-19 cardiovascular disease registry. PloS One (2021) 16(7):e0254635. doi:
10.1371/journal.pone.0254635
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2022.909874/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.909874/full#supplementary-material
https://doi.org/10.1016/S0140-6736(20)30183-5
https://xn--80aesfpebagmfblc0a.xn--p1ai/information/
https://xn--80aesfpebagmfblc0a.xn--p1ai/information/
https://xn--80aesfpebagmfblc0a.xn--p1ai/information/
https://xn--80aesfpebagmfblc0a.xn--p1ai/information/
https://doi.org/10.1183/23120541.00766-2020
https://doi.org/10.1016/S2213-8587(20)30152-2
https://doi.org/10.1016/S2213-8587(20)30152-2
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1016/j.lanepe.2021.100105
https://doi.org/10.1016/S2213-8587(20)30272-2
https://doi.org/10.1016/S2213-8587(20)30271-0
https://doi.org/10.1038/s41598-021-96720-x
https://doi.org/10.3389/fendo.2022.780663/full
https://doi.org/10.3389/fendo.2022.780663/full
https://doi.org/10.1016/S2213-8587(21)00050-4
https://doi.org/10.1016/S2213-8587(21)00050-4
https://doi.org/10.1152/ajpendo.00244.2021
https://doi.org/10.1152/ajpendo.00244.2021
https://doi.org/10.1016/S2213-8587(21)00244-8
https://doi.org/10.1016/S2213-8587(21)00244-8
https://doi.org/10.14341/probl12458
https://doi.org/10.2337/dci21-0001
https://doi.org/10.1007/s11154-021-09630-8
https://doi.org/10.1016/S2213-8587(20)30405-8
https://xn--80aesfpebagmfblc0a.xn--p1ai/ 
https://doi.org/10.1371/journal.pone.0254635
https://doi.org/10.3389/fendo.2022.909874
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Shestakova et al. 10.3389/fendo.2022.909874
21. Iheanacho CO, Odili VU, Eze UIH. Risk of SARS-CoV-2 infection and
COVID-19 prognosis with the use of renin-angiotensin-aldosterone system
(RAAS) inhibitors: A systematic review. Futur J Pharm Sci (2021) 7(1):73. doi:
10.1186/s43094-021-00224-4

22. Santoro F, Nuñez-Gil IJ, Vitale E, Viana-Llamas MC, Reche-Martinez B,
Romero-Pareja R, et al. Antiplatelet therapy and outcome in COVID-19: The
health outcome predictive evaluation registry. Heart (2021) 108(2), 130–136. doi:
10.1136/heartjnl-2021-319552

23. Prattichizzo F, de Candia P, Nicolucci A, Ceriello A. Elevated HbA1c levels
in pre-Covid-19 infection increases the risk of mortality: A sistematic review and
meta-analysis. Diabetes Metab Res Rev (2021) 38(1):e3476. doi: 10.1002/
DMRR.3476/v2/response1

24. Hussain A, Mahawar K, Xia Z, Yang W, El-Hasani S. Retraction notice to
obesity a nd mortality of COVID-19. Meta-analysis Obesity Res Clin Pract (2021)
15:100. doi: 10.1016/j.orcp.2020.12.008

25. Zhang X, Lewis AM, Moley JR, Brestoff JR. A systematic review and meta-
analysis of obesity and COVID-19 outcomes. Sci Rep (2021) 11(1):7193. doi:
10.1038/s41598-021-86694-1

26. Breland JY, Wong MS, Steers WN, Yuan AH, Haderlein TP, Washington
DL. BMI and risk for severe COVID-19 among veterans health administration
patients. Obesity (2021) 29(5):825–8. doi: 10.1002/oby.23121

27. Lukito AA, Pranata R, Henrina J, Lim MA, Lawrensia S, Suastika K. The
effect of metformin consumption on mortality in hospitalized COVID-19 patients:
A systematic review and meta-analysis. Diabetes Metab Syndr Clin Res Rev (2020)
14(6):2177–83. doi: 10.1016/j.dsx.2020.11.006

28. Li Y, Yang X, Yan P, Sun T, Zeng Z, Li S. Metformin in patients with
COVID-19: A systematic review and meta-analysis. Front Med (2021) 8
(August):1–9. doi: 10.3389/fmed.2021.704666

29. Kan C, Zhang Y, Han F, Xu Q, Ye T, Hou N, et al. Mortality risk of
antidiabetic agents for type 2 diabetes with COVID-19: A systematic review and
meta-analysis. Front Endocrinol (Lausanne) (2021) 12:708494/full. doi: 10.3389/
fendo.2021.708494/full

30. Sharma S, Ray A, Sadasivam B. Metformin in COVID-19: A possible role
beyond diabetes. Diabetes Res Clin Pract (2020) 164:108183. doi: 10.1016/
j.diabres.2020.108183

31. Krejner-Bienias A, Grzela K, Grzela T. DPP4 inhibitors and COVID-19-
Holy grail or another dead end? Arch Immunol Ther Exp (Warsz) (2021) 69(1):1.
doi: 10.1007/s00005-020-00602-5

32. Yang Y, Cai Z, Zhang J. DPP-4 inhibitors may improve the mortality of
coronavirus disease 2019: A meta-analysis. PloS One (2021) 16(5):e0251916. doi:
10.1371/journal.pone.0251916

33. Rakhmat II, Kusmala YY, Handayani DR, Juliastuti H, Nawangsih EN,
Wibowo A, et al. Dipeptidyl peptidase-4 (DPP-4) inhibitor and mortality in
coronavirus disease 2019 (COVID-19) - a systematic review, meta-analysis, and
meta-regression. Diabetes Metab Syndr (2021) 15(3):777–82. doi: 10.1016/
j.dsx.2021.03.027

34. Kosiborod MN, Esterline R, Furtado RHM, Oscarsson J, Gasparyan SB,
Koch GG, et al. Dapagliflozin in patients with cardiometabolic risk factors
hospitalised with COVID-19 (DARE-19): A randomised, double-blind, placebo-
controlled, phase 3 trial. Lancet Diabetes Endocrinol (2021) 9(9):586–94. doi:
10.1016/S2213-8587(21)00180-7

35. Meijer RI, Hoekstra T, van den Oever NCG, Simsek S, van den Bergh JP,
Douma RA, et al. Treatment with a DPP-4 inhibitor at time of hospital admission
for COVID-19 is not associated with improved clinical outcomes: Data from the
COVID-PREDICT cohort study in the Netherlands. J Diabetes Metab Disord
(2021) 20(2):1–6. doi: 10.1007/s40200-021-00833-z
Frontiers in Endocrinology 12
36. Patel DK, Strong J. The pleiotropic effects of sodium-glucose cotransporter-
2 inhibitors: Beyond the glycemic benefit. Diabetes Ther Res Treat Educ Diabetes
Relat Disord (2019) 10(5):1771–92. doi: 10.1007/s13300-019-00686-z

37. Fontes-Carvalho R, Santos-Ferreira D, Raz I, Marx N, Ruschitzka F,
Cosentino F. Protective effects of SGLT-2 inhibitors across the cardiorenal
continuum: two faces of the same coin. Eur J Prev Cardiol (2021) :1–9. doi:
10.1093/eurjpc/zwab034

38. Hariyanto TI, Intan D, Hananto JE, Putri C, Kurniawan A. Pre-admission
glucagon-like peptide-1 receptor agonist (GLP-1RA) and mortality from
coronavirus disease 2019 (Covid-19): A systematic review, meta-analysis, and
meta-regression. Diabetes Res Clin Pract (2021) 179:109031. doi: 10.1016/
j.diabres.2021.109031

39. Nauck MA, Quast DR, Wefers J, Meier JJ. GLP-1 receptor agonists in the
treatment of type 2 diabetes - state-of-the-art. Mol Metab (2021) 46:101102. doi:
10.1016/j.molmet.2020.101102

40. Chen Y, Yang D, Cheng B, Chen J, Peng A, Yang C, et al. Clinical
characteristics and outcomes of patients with diabetes and COVID-19 in
association with glucose-lowering medication. Diabetes Care (2020) 43(7):1399–
407. doi: 10.2337/dc20-0660

41. Yang Y, Cai Z, Zhang J. Insulin treatment may increase adverse outcomes in
patients with COVID-19 and diabetes: A systematic review and meta-analysis.
Front Endocrinol (Lausanne) (2021) 12:696087/full(July). doi: 10.3389/
fendo.2021.696087/full

42. Han T, Ma S, Sun C, Zhang H, Qu G, Chen Y, et al. The association between
anti-diabetic agents and clinical outcomes of COVID-19 in patients with diabetes:
A systematic review and meta-analysis. Arch Med Res (2021) 53(2), 186–195. doi:
10.1101/2021.01.26.21250506

43. Dedov II, Shestakova MV, Vikulova OK, Zheleznyakova AV, Isakov MА.
Epidemiological characteristics of diabetes mellitus in the Russian federation:
Clinical and statistical analysis according to the federal diabetes register data of
01.01.2021. Diabetes Mellit (2021) 24(3):204–21. doi: 10.14341/DM12759

44. Holden SE, Currie CJ. Mortality risk with sulphonylureas compared to
metformin. Diabetes Obes Metab (2014) 16(10):885–90. doi: 10.1111/dom.12280

45. Schramm TK, Gislason GH, Vaag A, Rasmussen JN, Folke F, Hansen ML,
et al. Mortality and cardiovascular risk associated with different insulin
secretagogues compared with metformin in type 2 diabetes, with or without a
previous myocardial infarction: a nationwide study. Eur Heart J (2011) 32
(15):1900–8. doi: 10.1093/eurheartj/ehr077

46. Douros A, Dell’Aniello S, Yu OHY, Filion KB, Azoulay L, Suissa S.
Sulfonylureas as second line drugs in type 2 diabetes and the risk of
cardiovascular and hypoglycaemic events: Population based cohort study. BMJ
(2018) 362:k2693. doi: 10.1136/bmj.k2693

47. Logunov DY, Dolzhikova IV, Shcheblyakov DV, Tukhvatulin AI, Zubkova
OV, Dzharullaeva AS, et al. Safety and efficacy of an rAd26 and rAd5 vector-based
heterologous prime-boost COVID-19 vaccine: An interim analysis of a randomised
controlled phase 3 trial in Russia. Lancet (2021) 397(10275):671–81. doi: 10.1016/
S0140-6736(21)00234-8

48. Dispinseri S, Lampasona V, Secchi M, Cara A, Bazzigaluppi E, Negri D, et al.
Robust neutralizing antibodies to SARS-CoV-2 develop and persist in subjects with
diabetes and COVID-19 pneumonia. J Clin Endocrinol Metab (2021) 106(5):1472–
81. doi: 10.1210/clinem/dgab055

49. Bermingham C, Morgan J, Nafilyan V. Deaths involving COVID-19 by
vaccination status, England: deaths occurring between 2 January and 24 September
2021. In: Deaths involving COVID-19 by vaccination status, England: deaths
occurring between 2 January and 24 September 2021. Available from: https://
www.gov.uk/government/statistics/deaths-involving-covid-19-by-vaccination-
status-england-deaths-occurring-between-2-january-and-24-september-2021
frontiersin.org

https://doi.org/10.1186/s43094-021-00224-4
https://doi.org/10.1136/heartjnl-2021-319552
https://doi.org/10.1002/DMRR.3476/v2/response1
https://doi.org/10.1002/DMRR.3476/v2/response1
https://doi.org/10.1016/j.orcp.2020.12.008
https://doi.org/10.1038/s41598-021-86694-1
https://doi.org/10.1002/oby.23121
https://doi.org/10.1016/j.dsx.2020.11.006
https://doi.org/10.3389/fmed.2021.704666
https://doi.org/10.3389/fendo.2021.708494/full
https://doi.org/10.3389/fendo.2021.708494/full
https://doi.org/10.1016/j.diabres.2020.108183
https://doi.org/10.1016/j.diabres.2020.108183
https://doi.org/10.1007/s00005-020-00602-5
https://doi.org/10.1371/journal.pone.0251916
https://doi.org/10.1016/j.dsx.2021.03.027
https://doi.org/10.1016/j.dsx.2021.03.027
https://doi.org/10.1016/S2213-8587(21)00180-7
https://doi.org/10.1007/s40200-021-00833-z
https://doi.org/10.1007/s13300-019-00686-z
https://doi.org/10.1093/eurjpc/zwab034
https://doi.org/10.1016/j.diabres.2021.109031
https://doi.org/10.1016/j.diabres.2021.109031
https://doi.org/10.1016/j.molmet.2020.101102
https://doi.org/10.2337/dc20-0660
https://doi.org/10.3389/fendo.2021.696087/full
https://doi.org/10.3389/fendo.2021.696087/full
https://doi.org/10.1101/2021.01.26.21250506
https://doi.org/10.14341/DM12759

https://doi.org/10.1111/dom.12280
https://doi.org/10.1093/eurheartj/ehr077
https://doi.org/10.1136/bmj.k2693
https://doi.org/10.1016/S0140-6736(21)00234-8
https://doi.org/10.1016/S0140-6736(21)00234-8
https://doi.org/10.1210/clinem/dgab055
https://www.gov.uk/government/statistics/deaths-involving-covid-19-by-vaccination-status-england-deaths-occurring-between-2-january-and-24-september-2021
https://www.gov.uk/government/statistics/deaths-involving-covid-19-by-vaccination-status-england-deaths-occurring-between-2-january-and-24-september-2021
https://www.gov.uk/government/statistics/deaths-involving-covid-19-by-vaccination-status-england-deaths-occurring-between-2-january-and-24-september-2021
https://doi.org/10.3389/fendo.2022.909874
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Risk factors for COVID-19 case fatality rate in people with type 1 and type 2 diabetes mellitus: A nationwide retrospective cohort study of 235,248 patients in the Russian Federation
	Introduction
	Materials and methods
	Study design and data sources
	Objectives and outcomes
	Covariates and factors
	Statistical analysis

	Results
	Discussion
	Study limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


