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Background and Objective: Recently, insulin treatment has been found to be
associated with increased mortality and other adverse outcomes in patients with
coronavirus disease 2019 (COVID-19) and diabetes, but the results remain unclear and
controversial, therefore, we conducted this meta-analysis.

Methods: Four databases, namely, PubMed, Web of Science, EMBASE and the
Cochrane Library, were used to identify all studies concerning insulin treatment and the
adverse effects of COVID-19, including mortality, incidence of severe/critical
complications, in-hospital admission and hospitalization time. To assess publication
bias, funnel plots, Begg’s tests and Egger’s tests were used. The odds ratios (ORs)
with 95% confidence intervals (CIs) were used to access the effect of insulin therapy on
mortality, severe/critical complications and in-hospital admission. The association
between insulin treatment and hospitalization time was calculated by the standardized
mean difference (SMD) with 95% CIs.

Results: Eighteen articles, involving a total of 12277 patients with COVID-19 and diabetes
were included. Insulin treatment was significantly associated with an increased risk of
mortality (OR=2.10; 95% CI, 1.51-2.93) and incidence of severe/critical COVID-19
complications (OR=2.56; 95% CI, 1.18-5.55). Moreover, insulin therapy may increase
in-hospital admission in patients with COVID-19 and diabetes (OR=1.31; 95% CI, 1.06-
1.61). However, there was no significant difference in the hospitalization time according to
insulin treatment (SMD=0.21 95% CI, -0.02-0.45).

Conclusions: Insulin treatment may increase mortality and severe/critical complications
in patients with COVID-19 and diabetes, but more large-scale studies are needed to
confirm and explore the exact mechanism.
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INTRODUCTION

Since the rapid outbreak of coronavirus disease 2019 (COVID-
19) in 2019, the worldwide fight against the epidemic is still
ongoing. As of January 30, 2021, the number of confirmed cases
and deaths reached 114140104 and 2535520, respectively (1).
The concomitant occurrence of two worldwide epidemic
diseases, COVID-19 and diabetes, has introduced a series of
problems. Diabetes is known as among the most serious
comorbidities of COVID-19 to deteriorate disease development
and outcomes. Recently, mechanisms underlying why diabetic
COVID-19 patients are more prone to severe outcomes include
higher glucose levels, impaired innate and adaptive immune
response, impaired coagulation, obesity and hypertension (2).

Good glucose control has been demonstrated to exert a
protective effect in the context of the development and
outcomes of COVID-19 (3–5), and strict glucose management
on admission for COVID-19 cases has been suggested regardless
of diabetes status (6). The role of glycemic control strategies,
such as several antidiabetic drugs including metformin and DPP-
4 inhibitors in the efficacy and safety of COVID-19 and diabetes
has been established (7, 8). However, whether insulin injection
has some effect on the development of COVID-19 remains
inconsistent. Notably, early research found that insulin
treatment may be associated with adverse outcomes such as
death (9) and intensive care unit (ICU) admission (10); however,
evidence regarding the relationship between insulin treatment
and COVID-19 remains inadequate and unconvincing.
Therefore, we conducted a systematic review and meta-analysis
to determine the association between insulin injection and the
outcomes of COVID-19 to provide certain clinical information
for these patients.
METHODS

This meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement guidelines, as previously described (11).

Article Search Strategy
We searched for eligible articles from January 25, 2021 and to
February 20, 2021. The PubMed (2013-2020, 20 February),
Cochrane Library (1960-2020, 20 February), EMBASE (1960-
2020, 20 February) andWeb of Science (1950-2020, 20 February)
databases were searched in this study. Searches for all published
articles related to both insulin treatment and COVID-19 were
performed. The following search terms were used: “Insulin”,
“Insulin treatment”, “COVID-19”, “SARS-CoV-2”, and ‘‘2019
novel coronavirus’’. The search strategy was as follows: [(insulin)
OR (insulin treatment)] AND [(COVID-19) OR (SARS Cov-2)
OR (coronavirus) OR (2019 novel coronavirus)]. Additional
papers were identified by performing manual searches of the
references of relevant articles and tracking citations to obtain
more relevant studies. All articles published by February 20, 2021
with no language restrictions were included.
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Selection Criteria
Two reviewers (YY and ZC) independently reviewed all eligible
studies and selected those suitable for inclusion. Disagreements
were settled by reaching a consensus or with the help of a third
reviewer (JZ). All articles included in this meta-analysis met the
following criteria: (1) population: the subjects were patients with
both COVID-19 and diabetes; (2) intervention: insulin
treatment; (3) comparator/control: the control group involved
non-insulin treatment, including oral antidiabetic medications,
no treatment or diet control; (4) importantly, the outcomes of
our study refer to the mortality and other complications of
COVID-19, and the form of the outcomes must be original
data of COVID-19 deaths and complications or calculated
adjusted/unadjusted odds ratios (ORs) or risk ratios (RRs); and
(5) study design: clinical studies. Articles were excluded if they
met the following criteria: (1) articles lacking information or data
necessary for the purpose of this meta-analysis and (2) articles
published as letters, reviews, editorials, or conference abstracts.

Data Extraction
All relevant articles were imported into EndNote X9 software
and reviewed independently by two authors (YY and ZC).
Discrepancies between the authors were resolved with the help
of a third reviewer (JZ). The following information was extracted
from the selected studies by the two independent investigators:
author, publication year, country, study design, mean or median
age, sample size, population and COVID-19 outcomes. All
extracted data were then imported into Excel.

The severity of the disease was classified into 4 categories
according to the Guidelines for the Diagnosis and Treatment of
New Coronavirus Pneumonia (fifth edition) as follows (12):
1) mild type: patients with mild clinical symptoms and no
pulmonary changes on CT imaging, 2) common type: patients
with symptoms of fever and signs of respiratory infection, with
pneumonia changes on CT imaging, 3) severe type: patients
presenting with any of the following items: (a) respiratory
distress, respiratory rate≥30/min, (b) oxygen saturation of finger
≤ 93% in resting condition, and (c) arterial partial pressure of
oxygen (PaO2)/oxygen concentration (FiO2)≤300 mmHg (1
mmHg=0.133 kPa) or 4) critical type: patients meeting any of
the following criteria: (a) respiratory failure requiring mechanical
ventilation, (b) shock and (c) ICU admission requirement due to
multiple organ failure. Since only 32 mild cases were available and
these cases would normally not be hospitalized, these cases were
removed from the analysis (Figure 1).

Quality Assessment of Studies
The quality of the included studies was assessed by the Newcastle-
Ottawa Scale (NOS) (13). We assessed the quality of all relevant
studies based on the type of study, sample size, participant
selection, representativeness of the sample, adequacy of follow-
up, comparability (exposed-unexposed or case-control), and
method of ascertaining the cases and controls. The possible
range of NOS scores is from 0 to 9; studies that scored 4-6
represent a modest risk of bias, and those that scored <3 indicate
the highest risk of bias. A study with a score of 6 or higher was
defined as a high-quality study.
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Statistical Analysis
All analyses were performed using Stata (Version 13.0). The
correlation between insulin treatment and mortality or incidence
of complications of COVID-19 was expressed as the pooled ORs
and 95% confidence interval (CI). ORs > 1 represented a direct
association, and those < 1 represented an inverse association.
Regarding the hospitalization time, the standardized mean
difference (SMD) and 95% CI were used to analyze the results. A
random-effects model was used for all results of our meta-analysis.
I2 statistics were used to assess the degree of heterogeneity as
follows: 25%, 50%, and 75% represented low, moderate, and high
degrees of heterogeneity, respectively. Subgroup analyses were
performed using the following variables to analyze the
heterogeneity: sample size (>80 or <80), period of insulin
treatment (before and after admission), type of diabetes (T1DM,
T2DM and Diabetes), and control groups (with or without
antidiabetic drugs). Additionally, Begg’s and Egger’s tests and
funnel plots were used to detect potential publication bias, with a
p-value <0.05 suggesting the presence of bias.
RESULTS

Search Results and Study Characteristics
A flowchart of the study selection process is shown in Figure 1.
After a preliminary search of the selected electronic databases, in
total, 2555 studies were identified. After 1020 duplicates were
Frontiers in Endocrinology | www.frontiersin.org 3
eliminated, 1535 studies were selected by screening the titles and
abstracts. After further excluding 1026 studies based on the titles
and abstracts, 509 articles remained. Of these 509 articles, 491
were excluded for the following reasons after the full text was
read: (1) not enough participant information was provided
(n=377); and (2) the original data regarding insulin use were
not provided (n=114). Finally, 18 articles (9, 10, 14–29) related to
the use of insulin treatment and COVID-19 were included in this
meta-analysis. The basic characteristics of the studies are
presented in Table 1. Among the 18 studies included in this
analysis, 2 studies were performed in France, 4 studies were
performed in China, 5 studies were performed in the USA, 2
studies were performed in Italy, 1 in Russia, 1in Spain, 1 in Saudi
Arabia, 1 in Iran and 1 in Iraq (Table 1). All included studies
were published in 2020 or 2021. Additionally, as the different
outcomes of COVID-19 were analyzed in our study, information
regarding the association between insulin treatment and
mortality is included in Table 2, and the outcomes of severe/
critical complications or in-hospital admission are shown
in Table 3.

Quality Assessment
NOS mainly consist of the following three aspects: sample
selection, comparability of cases and controls, and exposure.
All included studies had NOS scores higher than 6, indicating the
high quality of our studies. The details of the risk of bias are
described in Table 1.
FIGURE 1 | Flow diagram of the study selection process.
July 2021 | Volume 12 | Article 696087
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Primary Outcomes
Insulin Treatment and COVID-19 Mortality
The results of this meta-analysis of the use of insulin and
COVID-19 mortality are shown in Figure 2. In general, the
use of insulin is associated with increased mortality due to
COVID-19 (OR=2.10 95% CI, 1.51-2.93); high heterogeneity
was observed (I2 statistic=71.5%, p<0.001) (Figure 2). The
results of Egger’s (p = 0.2) and Begg’s tests (p = 0.193) and
inspection of the funnel plots showed that there was no
publication bias among the studies (Figure 3A). A sensitivity
analysis was conducted by omitting one study at a time and
showed that the results were stable (Figure 4A).

Insulin Treatment and COVID-19
Severe/Critical Complications
The overall analysis included 8 studies that reported quantitative
data regarding severe/critical COVID-19 illness. All extracted
Frontiers in Endocrinology | www.frontiersin.org 4
data were divided according to the severe/critical illness status
based on the standard illness severity level (12). The overall risk
of severe/critical COVID-19 illness was higher in the insulin
treatment group than the control group (OR = 2.56, 95% CI,
1.18–5.55, I2 = 85.5%, p<0.001) (Figure 5). Begg’s test (p =
0.902), Egger’s test (p = 0.308) and the symmetric distribution
funnel plots (Figure 3B) indicated that publication bias did not
exist. The results of the sensitivity analysis conducted by
excluding one study at a time did not change (Figure 4B).

Insulin Treatment and In-Hospital Admission
for COVID-19
Overall, insulin therapy was not associated with in-hospital
admission for COVID-19 (OR=1.23; 95% CI, 0.65-2.33)
(Figure 6A). Strong heterogeneity existed among the 5
included articles (I2 statistic=87.6%, p<0.001). Interestingly, the
subgroup based on the type of diabetes significantly decreased
TABLE 2 | Description of studies reporting the association between insulin treatment and the mortality of COVID-19.

No. Study Sample size Period of insulin treatment Type of diabetes Control groups or ci1 ci2

1 Bo Yu 2021 (14) 689 after admission T2DM with or without antidiabetic drugs 5.38 2.75 10.54
2 Cariou 2020 (15) 1317 before admission diabetes antidiabetic drugs 1.71 1.2 2.43
3 Yuchen Chen 2020 (16) 904 before admission diabetes with or without antidiabetic drugs 4.461 1.223 16.266
4 Shayan Riahi 2020 (9) 166 before admission diabetes antidiabetic drugs 2.486 1.204 5.134
5 Luis M. Pérez 2020 (10) 2666 after admission T2DM antidiabetic drugs 1.45 1.11 1.88
6 Shivani Agarwal 2020 (18) 1126 before admission diabetes without antidiabetic drugs 2.3 1.32 4.01
7 Marina V 2020 (19) 309 before admission T2DM antidiabetic drugs 2.67 1.42 5.02
8 Marco Mirani 2020 (20) 90 before admission T2DM antidiabetic drugs 3.05 1.57 5.95
9 Shayesteh Khalili 2020 (21) 127 before admission diabetes antidiabetic drugs 0.242 0.061 0.967
10 Justin J 2020 (22) 46 before admission diabetes with or without antidiabetic drugs 11.873 2.218 63.555
11 Achille Cernigliaro 2020 (25) 172 before admission diabetes antidiabetic drugs 1.87 0.89 3.89
12 Michelle A 2020 (30) 775 before admission T2DM with or without antidiabetic drugs 1.197 0.731 1.962
July 2021 | Vo
lume 12
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TABLE 1 | Description of eligible studies reporting the association between insulin treatment and the outcomes of COVID-19.

No. Author Country Age Type of study Sample size NOS Population

1 Bo Yu (14) China 66 (57–73) a retrospective study 689 8 patients with COVID-19 and T2DM
2 Cariou (15) France 69.8 ± 13.0 a nationwide multicentre observational

study
1317 7 patients with COVID-19 and diabetes

3 Yuchen Chen (16) China 56.0 (39.0–
67.0)

a retrospective study 904 8 patients with COVID-19 and diabetes
(mostly T2DM)

4 Shayan Riahi (9) USA 66.42 ± 12.67 a retrospective cohort 166 7 patients with COVID-19 and diabetes
5 Luis M. Pérez (10) Spain 74.9 ± 8.4 a nationwide cohort study 2666 7 patients with COVID-19 and T2DM
6 Shivani Agarwal (18) USA 68 cohort 1126 8 patients with COVID-19 and diabetes
7 Marina V (19) Russia NA a retrospective study 309 7 patients with COVID-19 and T2DM
8 Marco Mirani (20) Italy 71 (64–78) cohort 90 8 patients with COVID-19 and T2DM
9 Shayesteh Khalili

(21)
Iran 65.7 ± 12.51 cohort 127 7 patients with COVID-19 and diabetes

10 Justin J (22) USA 65.7 ± 15.5 a retrospective study 46 8 patients with COVID-19 and diabetes
11 Huadong Yan (23) China 49.18 (14.16) Case-Control Study 717 8 patients with COVID-19 and T2DM
12 Ayman A (24) Saudi

Arabia
57.6 ± 13.9 cohort 806 8 patients with COVID-19 and T2DM

13 Achille Cernigliaro (25) Italy NA a retrospective study 172 7 patients with COVID-19 and diabetes
14 Hussein Nafakhi (26) Iraq 60 ± 10 a retrospective study 67 7 patients with COVID-19 and diabetes
15 Adèle Lasbleiz (27) France 62.1 ± 14.0 cohort 2168 8 patients with COVID-19 and diabetes

(mostly T2DM)
16 Michelle A (30) USA 75.6 (10.8) retrospective cohort study 775 8 patients with COVID-19 and T2DM
17 Grenye O’Malley (28) USA NA cross-sectional study 113 7 patients with COVID-19 and T1DM
18 Ting Guo (29) China 62.1 (42-76) a retrospective study 19 7 patients with COVID-19 and diabetes
NA, data not available.
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the heterogeneity in each subgroup (Figure 6B). In the T2DM
and Diabetes subgroups (patients with diabetes of which type
was not clear in the extracted study), insulin treatment
significantly increased in-hospital admission for COVID-19
(T2DM, OR=1.31; 95% CI, 1.06-1.61; Diabetes, OR=2.86;
95% CI, 1.62-5.05), which was the opposite of the results in
the T1DM subgroup (OR=0.14; 95% CI, 0.05-0.35). However,
Frontiers in Endocrinology | www.frontiersin.org 5
due to the limited number of included T1DM studies, the effects
of insulin treatment on patients with COVID-19 and T1DM
require further solid evidence. According to the results of
the funnel analysis (Figure 3C), Begg’s test (p = 1.000), and
Egger’s test (p = 0.861), publication bias could be excluded.
The sensitivity analysis also indicated the stability of our
results (Figure 4C).
FIGURE 2 | Forest plots of OR for the association between the insulin treatment and the mortality of COVID-19.
TABLE 3 | Description of studies reporting the association between insulin treatment and the severe/critical complications or in-hospital admission of COVID-19.

No. Study Sample
size

Complications Period of insulin
treatment

Type of
diabetes

Control groups or ci1 ci2

1 Bo Yu (14) 689 ICU admission after admission T2DM with or without
antidiabetic drugs

11.47 3.4 38.66

2 Bo Yu (14) 689 Invasive mechanical ventilation after admission T2DM with or without
antidiabetic drugs

6.73 3.39 13.37

3 Yuchen Chen (16) 904 Poor prognosis before admission Diabetes with or without
antidiabetic drugs

3.58 1.37 9.35

4 Luis M. Pérez (10) 2666 ICU admission; after admission T2DM antidiabetic drugs 1.32 1.02 1.71
5 Huadong Yan (23) 717 severity before admission T2DM antidiabetic drugs 2.71 1.6 5.5
6 Hussein Nafakhi (26) 67 extensive lung injury before admission Diabetes antidiabetic drugs 0.4 0.3 5
7 Hussein Nafakhi (26) 67 Partial recovery with persistent

symptoms
before admission Diabetes antidiabetic drugs 0.3 0.2 4

8 Ting Guo (29) 19 ICU admission before admission Diabetes without antidiabetic drugs 115 4.115 3213.5

No. Study Sample
size

Complications Period of insulin
treatment

Type of
diabetes

Control groups or ci1 ci2

1 Luis M. Pérez (10) 2666 In-hospital admission after admission T2DM antidiabetic drugs 1.23 0.95 1.6
2 Ayman A (24) 806 In-hospital admission before admission T2DM antidiabetic drugs 1.46 1.03 2.07
3 Achille Cernigliaro (25) 172 In-hospital admission before admission Diabetes antidiabetic drugs 2.13 1.01 4.49
4 Adèle Lasbleiz (27) 2168 In-hospital admission before admission Diabetes antidiabetic drugs 3.8 1.9 8.1
5 Grenye O’Malley (28) 113 In-hospital admission after admission T1DM without antidiabetic drugs 0.137 0.053 0.352
July 2021 | Volum
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FIGURE 3 | Funnel plot of the association between the insulin treatment and the mortality (A), complications (B), and the in-hospital admission (C) of COVID-19.
A B C

FIGURE 4 | Sensitivity analysis for the effect insulin treatment on the mortality (A), complications (B), and the in-hospital admission (C) of COVID-19.
FIGURE 5 | Forest plots of OR for the association between the insulin treatment and the complications of COVID-19.
Frontiers in Endocrinology | www.frontiersin.org July 2021 | Volume 12 | Article 6960876
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Insulin Treatment and COVID-19
Hospitalization Time
Only 2 studies mentioned the association between insulin
treatment and COVID-19 hospitalization time (SMD=0.21
95% CI, -0.02-0.45). In general, insulin use did not affect the
hospitalization time of COVID-19 patients (Figure 7). However,
additional studies are needed to support this conclusion. Due to
the limited number of included studies, further funnel plots or
sensitivity analyses were not conducted.

Secondary Outcomes
The overall data showed that insulin treatment led to increased
adverse COVID-19 outcomes, including higher mortality, with
moderate heterogeneity (I2 = 69.2%, p<0.001) (Figure 2). To
eliminate heterogeneity, further prespecified subgroup analyses
Frontiers in Endocrinology | www.frontiersin.org 7
based on the sample size, period of insulin treatment, type of
diabetes and type of control group, were conducted (Tables 2, 3).
However, moderate/high heterogeneity remained in all
subgroups (Figures S1A–D).

High heterogeneity also existed in the analysis of the effect of
insulin treatment on severe/critical complications (I2 = 85.5%,
p<0.001) (Figure 5). We conducted further subgroup analyses
based on the sample size (Figure S2A), period of insulin
treatment (Figure S2B), and type of diabetes (Figure S2C), but
moderate/high heterogeneity remained in all subgroups.
Additionally, in the subgroup analysis based on the type of
control group, heterogeneity was also present in the
antidiabetic drug group (I2 = 74.3% p=0.002), while there was
decreased heterogeneity in the with and without antidiabetic
drug groups (I2 = 12.9% p=0.317) (Figure S2D). Overall, this
FIGURE 6 | Forest plots of OR for the overall result (A) and subgroup analysis based on type of diabetes (B) of the association between the insulin treatment and
the in-hospital admission of COVID-19.
FIGURE 7 | Forest plots of SMD for the association between the insulin treatment and the hospitalization time of COVID-19.
July 2021 | Volume 12 | Article 696087
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meta-analysis still showed moderate/high heterogeneity after the
subgroup analysis, indicating that the included articles failed to
provide reliable information for further analysis.
DISCUSSION

Diabetes has been demonstrated to be among the most common
comorbidities and is significantly associated with the mortality
and severity of COVID-19 (16). Glucose-lowering medications
have been proposed as a treatment for COVID-19. In contrast to
preconception, insulin treatment has been demonstrated to be
related to increased mortality and ICU admission for COVID-19
(14). In the current study, insulin treatment was associated with
increased mortality and incidence of severe/critical
complications in patients with COVID-19 and diabetes. Our
study may provide evidence of the adverse effect of insulin
treatment among patients with COVID-19 and diabetes,
especially among those with type 2 diabetes (T2DM), as the
subjects in most included studies suffered from T2DM. However,
considering the limited number of studies concerning type 1
diabetes (T1DM) in our meta-analysis, the association between
insulin treatment and adverse outcomes in patients with
COVID-19 and T1DM are needed to be investigated in more
large-scale clinical studies.

Association Between Insulin Treatment
and COVID-19
Our meta-analysis mainly indicates that insulin treatment may
be associated with increased mortality (Figure 2) and severe/
critical complications in T2DM and COVID-19 patients
(Figure 5). Insulin treatment may also increase in-hospital
admission of patients with T2DM and COVID-19 (Figure 6B),
while there may be no significant relationship between insulin
treatment and hospitalization time (Figure 7). The patients in
the included studies of this meta-analysis had used insulin before
catching COVID 19, so the results in our meta-analysis should be
interpreted with caution as insulin is usually given to patients in
a late stage of diabetes, since it is difficult to rule out the negative
effect of advanced diabetes on the poor outcome.

Mechanism Underlying the Relationship
Between Insulin Treatment and Worse
COVID-19 Outcomes
Although the mechanism underlying the association between
insulin use and the poor outcome of COVID-19 remains unclear,
there are several possible explanations for these results. First of
all, diabetes itself contributed to a low grade of chronic
inflammation, which characterized by impaired innate and
adaptive inflammation system. This disorder of inflammation
would lead to the dysregulation of the immune response with
higher level of proinflammatory factors and lower anti-
inflammatory cytokines. Insulin treatment was demonstrated
to increase macrophage-produced inflammatory cytokine levels
in the context of lipopolysaccharide-induced sepsis (31).
Additionally, insulin was associated with increased lung
Frontiers in Endocrinology | www.frontiersin.org 8
inflammation in a sepsis model of diabetic rats (32), while lung
cells are the main locations for COVID-19 inflammation.
Therefore, we speculate that insulin treatment may participate
in the deve lopment o f COVID-19 by promot ing
proinflammatory system to aggravate inflammation disorder
and pulmonary disease.

Moreover, insulin, an anabolic hormone to improve energy
storage, is to increase appetite and weight gain, which
contributed to obesity with inhibited lipolysis in adipose and
muscle tissues (33, 34). Obesity people is characterized by
chronic inflammation and impaired innate immunity with
ample production of proinflammatory factors including tumor
necrosis factor (TNF-a) and interleukin-6 (IL-6), which also
comprised one of risk factors for COVID-19. Consistent with
this, obesity and its impaired inflammatory imbalance
contributed by insulin treatment may also be one of the
mechanisms underlying the relationship between insulin use
and COVID-19 outcomes.

Furthermore, hypoglycemia is among the most common
adverse effects of insulin treatment, especially in the context of
intensive care (35, 36). Insulin treatment increased the incidence
of hypoglycemia in patients with COVID-19 and type 2 diabetes
mellitus (T2DM) (14), which may impair the glucose homeostasis
and glucose control to affect the COVID-19 outcomes. However,
there must be other unknown mechanisms underlying the effect
of insulin treatment on the outcomes of COVID-19, as the
effect still remains in patients without hypoglycemia
during hospitalization.

Although the potential mechanisms of the deleterious effect of
insulin treatment on COVID-19 progress are discussed above,
considering the irreplaceable role of insulin in controlling
glucose and diabetes complications, it may be not advisable to
give up insulin therapy before finding better or safer
hypoglycemic agents for COVID-19 and T2DM patients.
Moreover, Critical unwell patients with COVID-19 and
diabetes have high insulin requirements and poorer time in
optimal target range for blood glucose during peak
inflammatory response (37), which indicating the insulin
treatment is necessary during the late stage of COVID-19
disease. Additionally, the effects of insulin usage in COVID-19
progression are also affected by the blood glucose level and
severity of diabetes (16, 17). Therefore, the results from the
current meta-analysis should be interpreted with caution as the
complicated situation during different stages of diabetes and
insulin effectively in controlling glycemic levels, and more
convinced well-designed randomized controlled trials are
required to provide more precise conclusions for insulin usage
in COVID-19 progression.

Theoretical and Practical Significance
Our study is to summarize the effects of insulin therapy and
clinical in outcomes of patients with COVID-19 and diabetes.
Additionally, we raised an interesting and significant question
regarding the mechanism underlying the relationship between
insulin and the development of COVID-19, as there are no
reasonable explanations. Therefore, the timing or dose of insulin
July 2021 | Volume 12 | Article 696087
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treatment in patients with COVID-19 and diabetes may be an
urgent public problem that must be addressed to control the
development of COVID-19.

Limitations of the Study
There are several limitations in our study. First, the high
heterogeneity in the results cannot be ignored, and most of the
study included was observational study, many biases could not
be controlled. Second, the type of diabetes was unclear in several
included studies, potentially rendering our conclusion not
generalizable to all types of diabetes. Notably, one report
focusing on the protective effect of insulin treatment on
COVID-19 outcomes involved patients with T1DM and,
revealed the opposite conclusion from our results (including
mostly T2DM patients), indicating that a different approach to
insulin therapy may be needed according to the type of diabetes.
Therefore, our study is more likely to be applicable to T2DM
patients, while guidance for insulin treatment in COVID-19
patients with different types of diabetes, especially T1DM,
needs more clinical research. Third, the causal relationship
between insulin treatment and COVID-19 outcomes remains
vague due to the limited amount of prospective data in our
included studies. Moreover, this systematic review and meta-
analysis was not registered in PROSPERO, representing another
limitation of our study. Last but not least, the results from this
study are only based on observational studies which have many
confounders, therefore the evidence generated from this study is
not strong enough. More randomized clinical trials are still
needed to confirm the results from this study.

Conclusion
In summary, our study revealed that insulin treatment is
associated with increased mortality and other severe/critical
complications of COVID-19. Our findings could provide
clinical guidance for insulin treatment in patients with
COVID-19 and diabetes. Further randomized controlled trial
was needed to confirm this finding.
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