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Purpose: The aim of the study was to determine the association between coronavirus disease 2019 (COVID-19) infection and 
diabetes management indices in patients with type 2 diabetes mellitus.
Patients and Methods: A single-center, retrospective, observational study of patients with type 2 diabetes mellitus at Kenwakai 
Hospital (Nagano, Japan) was conducted. Data of 95 patients (mean age, 72 ± 12 years; men, 67.4%) who visited between March 1, 
2019 and February 28, 2022 were obtained from the hospital’s electronic information system. COVID-19 was diagnosed by 
a chemiluminescent enzyme immunoassay (CLEIA).
Results: There was no association between COVID-19 infection and age, sex, hemodialysis treatment status, or the Charlson 
Comorbidity Index. After adjustment for possible confounding factors, the incidence of COVID-19 infection was significantly 
correlated with HbA1c ≥7.0% (odds ratio [OR], 5.51; 95% confidence interval [CI], 1.30–23.26).
Conclusion: The results suggest an association between high HbA1c levels and COVID-19 infection in patients with type 2 diabetes 
mellitus. Appropriate management of diabetes mellitus, focusing on HbA1c levels, may help prevent COVID-19 infection and severe 
disease after infection.
Keywords: Type 2 diabetes mellitus, COVID-19, risk factors, HbA1c, Japanese

Introduction
Diabetes mellitus increases the risk of infectious diseases, regardless of whether it is type 1 or 2.1 In particular, poor glycemic 
control can lead to increased susceptibility to infection due to decreased phagocytic and bactericidal functions of polymorpho
nuclear neutrophils and decreased complement binding to antigen-antibody complexes,2–5 increased susceptibility to severe 
infections,6 and increased risks of hospitalization and death.7–9 Epidemics of SARS (2003) and H1N1 influenza (2009) have 
shown that a history of diabetes mellitus is an independent factor that increases the risks of hospitalization and severe illness,10–12 

and vaccination is recommended to prevent severe illness caused by viral infections.13 Similarly, for the COVID-19 pandemic 
since 2020, a history of diabetes mellitus was found to increase the risk of severe disease,14 whereas no consistent trend has 
emerged regarding the impact of diabetes mellitus on the risk of COVID-19 infection itself. Reports from Europe, the United 
States, and China have shown no clear difference in the prevalence of diabetes mellitus in COVID-19-infected patients compared 
with control populations.15,16 In Japan, the prevalence of diabetes mellitus in hospitalized patients with COVID-19 infection was 
similar to the prevalence in the same age group in the general population;17 therefore, we cannot definitively say that diabetes 
mellitus increases the risk of COVID-19 infection. In addition, which baseline information, including type 2 diabetes indices, is 
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the most associated with COVID-19 infection has yet to be clarified. The aim of this study was to retrospectively examine the 
association between type 2 diabetes mellitus and the risk of COVID-19 infection using real-world clinical data.

Materials and Methods
Subjects and Data Collection
This was a retrospective, observational, cohort study, which was approved by the Ethics Committee of Kenwakai Hospital 
(No. 2023004) and Osaka Medical and Pharmaceutical University (No. 2323–061) and was conducted in accordance with the 
Declaration of Helsinki. The Ethics Committee waived the need for informed consent from patients because of the retrospective 
and anonymous nature of the study. Data of eligible patients (≥20 years) with type 2 diabetes mellitus who visited Kenwakai 
Hospital (Nagano, Japan) between March 1, 2019 and February 28, 2022 were collected. The data of patients without information 
on HbA1c (n = 1), body mass index (BMI) (n = 6), or smoking status (n = 21), as well as of patients who did not receive 
continuous treatment with antidiabetic agents (n = 53), were excluded. Finally, the remaining 95 patients were included in the 
present analyses (Figure 1).

In daily practice, COVID-19 was diagnosed by a chemiluminescence enzyme immunoassay (CLEIA). The CLEIA test 
reagent (Lumipulse SARS-CoV-2 Ag kit) and analyzer (LUMIPULSE G600II) were supplied by Fujirebio (Osaka, Japan). 
Electronic medical charts were used to collect data of patients infected and not infected with COVID-19. The collected data 
included demographic data, clinical laboratory data, vital signs, diagnosis, and medication history. As a surrogate marker 
for insulin resistance, the triglyceride-glucose (TyG) index was calculated as follows: ln(fasting TG [mg/dL] × fasting 
glucose [mg/dL]/2).18

Outcome
The primary outcome was defined as infection with COVID-19 during the observation period.

Statistical Analysis
Continuous variables are expressed as means ± standard deviation (SD). Logistic regression models were used to 
examine the associations between the risk of COVID-19 infection and patients’ characteristics. Significance was defined 
as a P-value <0.05 (two-tailed). All statistical analyses were performed using JMP 13 (SAS Institute, Cary, NC, USA).

Results
Patients’ Characteristics
Table 1 shows the characteristics of the study patients. Of the 95 patients, 67.4% were men. The mean age was 72.1 ± 
11.6 years; 14 (14.7%) patients were in the age group <60 years, 20 (21.1%) were aged 60–69 years, 19 (20.0%) aged 

Figure 1 Flow chart of the study cohort.
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Table 1 Baseline Characteristics of Study Patients

Number of patients 95

Men, n (%) 64 (67.4)
Age, years

Mean ± SD 72.1 ± 11.6

< 60, n (%) 14 (14.7)
≥ 60 to < 70, n (%) 20 (21.1)

≥ 70 to < 75, n (%) 19 (20.0)

≥ 75 to <80, n (%) 18 (18.9)
≥ 80 to <85, n (%) 13 (13.7)

≥ 85, n (%) 11 (11.6)

BMI, kg/m2

Mean ± SD 22.6 ± 3.2

< 18.5, n (%) 10 (10.5)

≥ 18.5 to 25.0, n (%) 66 (69.5)
≥ 25.0, n (%) 19 (20.0)

Smoker, n (%) 9 (9.5)

Kidney status
Not on dialysis, n (%) 29 (30.5)

On dialysis, n (%) 66 (69.5)

Systolic BP, mmHg
Mean ± SD 147.3 ± 26.3

< 140, n (%) 36 (37.9)

≥ 140, n (%) 58 (61.1)
N/A, n (%) 1 (1.0)

Diastolic BP, mmHg
Mean ± SD 77.7 ± 15.6
< 90, n (%) 75 (78.9)

≥ 90, n (%) 19 (20.0)

N/A, n (%) 1 (1.1)
Total cholesterol, mg/dL

Mean ± SD 145.6 ± 31.1

< 175, n (%) 67 (70.5)
≥ 175, n (%) 12 (12.6)

N/A, n (%) 16 (16.8)

Triglyceride, mg/dL
Mean ± SD 136.0 ± 82.2

< 150, n (%) 60 (63.2)

≥ 150, n (%) 28 (29.5)
N/A, n (%) 7 (7.4)

Charlson Comorbidity index, n (%)
Median (interquartile range) 8 (6–9)
< 8 46 (48.4)

≥ 8 49 (51.6)
HbA1c, %

Mean ± SD 6.7 ± 0.9

< 7, n (%) 64 (67.4)
≥ 7, n (%) 31 (32.6)

Serum glucose, mg/dl
Mean ± SD 175.7 (58.8)
< 126 13 (13.7)

≥ 126 82 (86.3)

(Continued)
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70–74 years, 18 (18.9%) aged 75–79 years, 13 (13.7%) aged 80–84 years, and 11 (11.6%) aged 85 years or older. The 
mean BMI was 22.6 ± 3.2 kg/m2; the BMI was under 18.5 kg/m2 in 10 (10.5%) patients, 18.5–24.9 kg/m2 in 66 (69.5%) 
patients, and above 25.0 kg/m2 in 1 (1.0%) patient. Of the study patients, 9 (9.5%) were classified as smokers, and 66 
(69.5%) were on maintenance dialysis due to chronic kidney disease (CKD). Mean systolic blood pressure (BP) was 
147.3 ± 26.3 mmHg; systolic BP was under 140 mmHg in 36 (37.9%) patients and above 140 mmHg in 58 (61.1%) 
patients. Mean diastolic BP was 77.7 ± 15.6 mmHg; diastolic BP was under 90 mmHg in 75 (78.9%) patients and above 
90 mmHg in 19 (20.0%) patients. Mean total cholesterol was 145.6 ± 31.1 mg/dL; total cholesterol was under 175 mg/dL 
in 67 (70.5%) patients, and above 175 mg/dL in 12 (12.6%). The mean triglyceride level was 136.0 ± 82.2 mg/dL; the 
triglyceride level was under 150 mg/dL in 60 (63.2%) patients and above 150 mg/dL in 28 (29.5%) patients. The median 
value of the Charlson Comorbidity index was 8 (6–9), with 46 (48.4%) patients having a value under 8 and 49 patients 
(51.6%) above 8. Mean HbA1c was 6.7 ± 0.9%; HbA1c was under 7.0% in 64 (67.4%) patients and above 7.0% in 31 
(32.6%) patients. The mean serum glucose was 175.7 ± 58.8 mg/dL; serum glucose was under 126 mg/dL in 13 (13.7%) 
patients and above 126 mg/dL in 82 (86.3%) patients. The mean TyG index was 9.2 ± 0.7, with 33 (34.7%) patients 
having a value under 9 and 55 (57.9%) above 9.

Drug therapy was prescribed as follows: insulin, 17 (17.9%); GLP1 receptor agonists, 33 (34.7%); DPP4 inhibitors, 
52 (54.7%); SGLT2 inhibitors, 2 (2.1%); sulfonylureas, 22 (23.2%); other, 5 (5.3%). The most commonly prescribed 
agents were DPP4 inhibitors (54.7%), followed by GLP1 receptor agonists (34.7%) and sulfonylureas (23.2%). Of the 95 
patients, 13 (13.7%) were diagnosed with COVID-19 infection by CLEIA for the SARS-CoV-2 virus. Of the 13 patients 
who tested positive for COVID-19 infection, 10 had mild infection (76.9%), and 3 had moderate infection (23.1%).

Factors Associated with the Primary Outcome
Tables 2 and 3 show the odds ratios for infection with COVID-19. Univariate regression analysis showed no significant 
differences in age, sex, dialysis medication, systolic BP, diastolic BP, total cholesterol, triglyceride, Charlson 
Comorbidity index, BMI, HbA1c, serum glucose, or TyG index with COVID-19 infection (Table 2). After adjusting 
for relevant factors (age, sex, smoking status, dialysis medication, and Charlson Comorbidity index), multivariate logistic 
regression analysis identified HbA1c as being significantly and independently correlated with COVID-19 infection (OR: 
5.51, 95% CI: 1.30–23.26, P = 0.020; Table 3).

Table 1 (Continued). 

TyG indexa

Mean ± SD 9.2 ± 0.7

< 9 33 (34.7)

≥ 9 55 (57.9)
N/A, n (%) 7 (7.4)

Diabetes medications, n (%)
Insulin, n (%) 17 (17.9)
GLP1 receptor agonists, n (%) 33 (34.7)

DPP4 inhibitors, n (%) 52 (54.7)

SGLT2 inhibitors, n (%) 2 (2.1)
Sulfonylureas, n (%) 22 (23.2)

Otherb, n (%) 5 (5.3)

Notes: aTyG index = ln[serum glucose (mg/dl) × triglyceride (mg/dl)/2]. 
bOther diabetes medications include acarbose, pioglitazone, metformin 
hydrochloride, and voglibose. 
Abbreviations: BMI, body mass index; BP, blood pressure; TyG 
index, triglyceride-glucose index.
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Discussion
In the present study, high HbA1c levels were significantly correlated with COVID-19 infection after adjusting for 
possible confounding factors (age, sex, smoking, dialysis medication, and Charlson Comorbidity index). To the best of 
our knowledge, this is the first study to identify the potential relevance of HbA1c to COVID-19 infection in Japanese 
patients.

Table 2 Univariate Logistic Regression Analysis for the Infection 
with COVID-19

Odds Ratio (95% CI) P value

Age, years
< 60 1.00 (Reference) –

≥ 60 to < 70 0.41 (0.06–2.84) 0.364
≥ 70 to < 75 0.43 (0.06–3.01) 0.396

≥ 75 to < 80 0.22 (0.02–2.35) 0.208

≥ 80 to < 85 0.67 (0.09–4.80) 0.687
≥ 85 1.38 (0.22–8.67) 0.735

Sex
Women 1.00 (Reference)

Men 1.10 (0.31–3.91) 0.878

Hemodialysis treatment status
Not on dialysis 1.00 (Reference) –

On dialysis 2.70 (0.56–13.05) 0.217

Systolic BP, mmHg
< 140 1.00 (Reference) –

≥ 140 3.98 (0.98–26.79) 0.053

Diastolic BP, mmHg
< 90 1.00 (Reference) –

≥ 90 4.48 (1.26–15.77) 0.021

Total cholesterol, mg/dL
< 175 1.00 (Reference) –

≥ 175 0.46 (0.05–3.96) 0.482

Triglyceride, mg/dL
< 150 1.00 (Reference) –

≥ 150 2.06 (0.62–6.84) 0.236

Charlson comorbidity index
< 8 1.00 (Reference) –

≥ 8 1.60 (0.483–5.303) 0.442

BMI, kg/m2

< 18.5 2.11 (0.37–11.96) 0.400

≥ 18.5 to < 25 1.00 (Reference) –

≥ 25 2.25 (0.58–8.70) 0.241
HbA1c, %

< 7 1.00 (Reference) –

≥ 7 2.82 (1.05–8.08) 0.088
Serum glucose, mg/dl

< 126 1.00 (Reference) –

≥ 126 0.85 (0.17–4.37) 0.848
TyG index

< 9 1.00 (Reference) –

≥ 9 0.95 (0.28–3.20) 0.938

Abbreviations: BP, blood pressure; CI, confidence interval; TyG index, triglyceride- 
glucose index.
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HbA1c is the result of nonenzymatic modification of red blood cells by exposure to hyperglycemia, and it is a stable 
indicator reflecting chronic hyperglycemia.19 Hyperglycemia may be a factor in determining COVID-19 morbidity 
because neutrophils adhere to endothelial cells, chemotaxis and bactericidal activity are reduced, and complement 
activity is decreased due to glycosylation.3 The present results are consistent with these reports, and it is important to 
maintain appropriate diabetes management indices to help prevent COVID-19 infection.

Whether appropriate control of diabetes management indices is associated with the incidence of COVID-19 infection in 
diabetic patients remains unclear,20 but there have been several reports of an association between severe disease and death. 
For example, a retrospective study showed that HbA1c of 7.0% or higher was associated with higher severity of pulmonary 
involvement and mortality from COVID-19 infection,21 and an observational, cross-sectional study showed an increased risk 
of hospitalization in adult type 1 diabetic patients with median HbA1c of 8.6%.22 Regarding COVID-19-related mortality, 
a whole-population study indicated that patients with HbA1c of 10.0% or higher showed an increased mortality rate 
regardless of whether they had type 1 or 2 diabetes mellitus; particularly in patients with type 2 diabetes mellitus, the 
mortality rate increased significantly with increasing HbA1c.23 A cohort study in England demonstrated that, in comparison 
with non-diabetic patients, an increased risk of COVID-19-related mortality was observed with HbA1c ≥7.5%, but diabetic 
patients with HbA1c <7.5% also exhibited a significantly higher risk of death.24 In an analysis of diabetic patients infected 
with COVID-19 in the United States, the mean HbA1c level was 7.5%, and although 33.1% of patients died, the association 
was not significant. However, since being on insulin therapy was correlated with the risk of death, insulin therapy and 
obesity, reflecting the duration of long-term diabetes, have been reported to be risk factors.25

As for BMI, a meta-analysis showed that higher values are associated with more severe COVID-19 infection in all 
age groups, especially elderly persons.26 In the present results, the independent association of BMI with the risk of 
COVID-19 infection in diabetes populations was U-shaped, with a nadir at BMI of 18.5–24.9 kg/m2. This is in agreement 
with a report that the relationship between BMI and COVID-19-related mortality was U-shaped, with a significant 
increase in the risk of death for both type 1 and type 2 diabetes mellitus patients at BMI <20 kg/m2 and BMI >40 kg/m2 

in a population-based cohort study of people with diagnosed diabetes mellitus.27 Regarding fasting blood glucose levels, 
some studies reported an increased risk of severe COVID-19 infection in diabetic patients with levels >180 mg/dL. For 
example, fasting plasma glucose levels of 200 mg/dL or higher are a significant predictor of 28-day mortality,28 and 
understanding and achieving good control of hyperglycemia is important for improving the prognosis. However, an 
observational study reported that HbA1c and mean blood glucose levels were not associated with severe disease.29 As for 
hypoglycemic medications, there is no known causal relationship with the risk of developing severe COVID-19 infection, 
but there are reports that insulin, DPP-4 inhibitor, and metformin use were associated with the prognosis.30–37 In addition, 
risk factors for severe COVID-19 infection in diabetic patients were reportedly correlated with a history of cardiovas
cular disease, chronic kidney disease, obesity, cerebrovascular disease, and patient background, including male, older 
age, race, and social poverty,17,23,24 and combined factors are likely to increase the risk of severe COVID-19 infection. 
Patients with type 2 diabetes mellitus, metabolic syndrome, and obesity exhibited altered systolic and diastolic functions 
on echocardiography after SARS-CoV-2 virus infection due to an increased inflammatory burden. This change is related 
to the degree of pre-existing metabolic disorders and the degree of inflammation.

Table 3 Multivariate Logistic Regression 
Analysis for the Infection with COVID-19

Adjusted Odds Ratio  
(95% CI)

P value

HbA1c, %
< 7 1.00 (Reference) –
≥ 7 5.51 (1.30–23.26) 0.020

Note: Data are adjusted for age, sex, smoking status, dialysis 
medication, and Charlson Comorbidity index. 
Abbreviation: CI, confidence interval.
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Similarly, the risk of COVID-19 in diabetic patients is likely to be affected by diabetes management indices, in 
addition to various factors such as patient background, and appropriate management may lead to the prevention of 
morbidity, reduced severity of disease, and improvement of the prognosis.

Limitations
This study had some limitations. First, this was a retrospective study with a relatively small population. Second, all data 
were from one hospital in Japan and did not include non-diabetic patients, so the findings may not be generalizable to 
other populations. Finally, genetic factors should be considered, because gene mutations such as FOXP4, ABO, TAC4, 
DPP9, and IFNAR2 are associated with COVID-19 infection.38–41 Recently, it has been reported that the DOCK2 gene 
mutation doubles the risk of severe disease in 10% of East Asians, including Japanese.42 Therefore, future studies of the 
effects of various genetic variants on the diagnosis and severity of COVID-19 in patients are warranted.

Conclusion
There was an association between HbA1c and COVID-19 infection in diabetic patients. Appropriate diabetes manage
ment, focusing particularly on HbA1c, is considered important to decrease the risk of COVID-19 infection and, 
ultimately, to prevent severe disease after infection. Further studies with larger populations are needed to confirm the 
present findings and assess the utility of risk factors for COVID-19 infection in Japanese patients.
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