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To the Editor,
Diabetes, which is one of the leading causes of mortality and
morbidity worldwide with increasing prevalence, is a well-
known risk factor for various infections, post-infection com-
plications, and increased mortality secondary to infections [1].
Diabetes has now been shown to be among the most common
medical conditions in patients who develop coronavirus dis-
ease 2019 (COVID-19) [2] and has been associated with
higher mortality in patients with this disease [3]. Zheng et al.
reported that diabetes is associated with an almost fourfold
greater risk for severe disease and death in patients with
COVID-19 (odds ratio (OR) = 3.68, 95% confidence interval
(CI) [2.68–5.03]; P < 0.001) [4]. However, although a signif-
icant association was observed between diabetes and disease
severity (including severe and critical conditions and mortal-
ity) among COVID-19 patients based on the data of unadjust-
ed effect estimates (hazard ratio (HR)) in the study by
Cummings et al., this disappeared based on the data of the
adjusted effect estimates [5], which suggest that several fac-
tors such as age, gender, and underlying diseases might mod-
ulate the relationship between diabetes and COVID-19 dis-
ease severity. Therefore, it was evident that the association
between diabetes and severe COVID-19 disease needed to
be investigated via a quantitative meta-analysis based on the
data of adjusted effect estimates.

A systematic literature search was conducted for studies
published from January 1, 2020, to July 25, 2020, in the
PubMed, Chinese National Knowledge Infrastructure
(CNKI), and Web of Science databases. According to the
indices of the various databases, we used the search terms
“coronavirus disease 2019,” “2019-nCoV, SARS-CoV-2,”
“COVID-19,” and “diabetes,” and “diabetes mellitus.” Only

articles reporting adjusted effect estimates (adjusted OR or
HR) for diabetes and severity of disease in COVID-19 patients
were considered eligible. There was no restriction on country
or location. All calculations were carried out with Stata 11. 2
software. The pooled OR and pooled HR with their corre-
sponding 95% CI were applied to evaluate the risk of severity
in diabetic patients with COVID-19. The choice of the appro-
priate effects model was based on the analysis results, as fol-
lows: the fixed effect model was used if I2 was < 50% and the
random-effects model was used if I2 was ≥ 50% [6].
Sensitivity analysis was conducted to evaluate the robustness
of the results. Publication bias among the included studies was
assessed by employing Begg’s funnel plot and Egger’s test.

A total of 1057 studies were identified using the search
algorithm. Twenty-three studies [5, 7–28], comprising a total
of 22,359 patients, were considered to be eligible for inclusion
(Table 1). The median age of the patients ranged from 44 to
71 years; 4407 (20%) of them had diabetes. Among the 23
included articles, there were 19 retrospective studies and four
prospective studies.

The forest plot of the association between diabetes and the
severity of COVID-19 symptoms is shown in Fig. 1 a and b.
Diabetes was found to be associated with an increased risk of
disease severity in COVID-19 patients on the basis of 14
studies reporting adjusted OR (OR = 1.44, 95% CI [1.14–
1.82], I2 = 58.2%, random-effects model) (Fig. 1a) and nine
studies reporting adjusted HR (HR = 1.37, 95% CI [1.19–
1.57]; I2 = 29.2%, fixed-effects model) (Fig. 1b). In the 23
studies we included, only 11 studies reported both unadjusted
and adjusted effect estimates (HR or OR) simultaneously. We
calculated the pooled unadjusted and adjusted effect estimates
(HR or OR) separately, and the pooled results based on unad-
justed effect estimates showed that diabetes was associated
with greater risk for disease severity in patients with
COVID-19 compared to the pooled results based on adjusted
effect estimates (HRunadjusted = 2.04 (95% CI: 1.30–3.19) and
ORunadjusted = 2.98 (95% CI: 1.75–5.05); HRadjusted = 1.61
(95% CI: 1.28–2.04) and ORadjusted = 1.58 (95% CI: 1.07–
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Fig. 1 The pooled odds ratio
(OR) (a), hazard ratio (HR) (b),
and their 95% confidence interval
(CI) of the relationship between
diabetes and the risk of disease
severity in patients with COVID-
19. Sensitivity analysis for evalu-
ating the relationship between di-
abetes and the risk of disease se-
verity in patients with COVID-19
(c)

412 Hormones (2021) 20:409–414



2.32), respectively) (Fig. S1). Sensitivity analysis indicated
that our results were robust and stable (Fig. 1c). There was
no significant publication bias, as determined by Begg’s test
(P = 0.224) and Egger’s test (P = 0.065).

Although previous meta-analyses have demonstrated that
diabetes was positively associated with an increased risk of
severity and mortality in COVID-19 patients, these studies did
not uniformly address the influences of several factors, includ-
ing age, gender, and underlying diseases, on the results [4,
29–33]. Therefore, our present study investigated the relation-
ship between diabetes and disease severity in COVID-19 pa-
tients based on adjusted effect estimates: the results demon-
strated that diabetes was an independent predictor of COVID-
19 disease severity.

Some limitations should be considered in our study. Firstly,
the definitions of severity of COVID-19 varied among the
included studies. Secondly, the type of diabetes and whether
it was with good or with poor glycemic control are also un-
known. Because the selected studies did not adequately pres-
ent data on the treatment of diabetes and blood glucose con-
trol, these could not be evaluated. Finally, all selected studies
presented adjusted effect estimates, but the adjusted con-
founders among the studies were not completely consistent:
for example, the number and kinds of adjusted confounders
are different among the included studies.

In conclusion, our findings indicated that diabetes is an
independent risk factor for predicting COVID-19 disease se-
verity in these patients. These results clearly underscore the
necessity to increase our focus in clinical practice on COVID-
19 patients with diabetes so as to prevent rapid deterioration of
their condition.

Given the limited level of evidence, further well-designed
studies with larger samples are needed to confirm our current
results.
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