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Abstract

Obesity and type 2 diabetes are among the most important risk factors for
severe coronavirus disease-19. Some studies have suggested that the use of
insulin as a therapeutic agent to treat hyperglycemia and the metabolic ab-
normalities associated with type 2 diabetes during the acute phase of severe
coronavirus disease-19 could have a negative impact on the disease’s progres-
sion; however, there is no consensus on this issue. Here, we performed a sys-
tematic review in an attempt to answer this important question. We included
29 articles published from December 2019 to August 2023, which reported
the outcomes of 3,070,657 patients with severe coronavirus disease-19 that
had the diagnosis of diabetes and were treated with either insulin or other
glucose-reducing agents. The results show that using insulin as a pharmaco-
logical intervention to treat type 2 diabetes in patients with severe corona-
virus disease-19 increases the likelihood of mortality by 193%.
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1. Introduction

As of March 2024, coronavirus disease-19 (COVID-19) has claimed the lives of
over 7 million people worldwide [1]. In the early reports on the emergence and
clinical aspects of COVID-19, obesity and type 2 diabetes (T2D) were cited as
important risk factors for the development of severe forms of the disease [2] [3].
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Several mechanisms have been described as potentially being involved in the
overlap of COVID-19, obesity, and T2D, suggesting that it results from multiple
factors, including genetic, epigenetic, and environmental [4] [5].

Regardless of the mechanisms behind these common epidemiological associa-
tions, the severity of the disease has imposed therapeutic puzzles, as warranting
metabolic stability directly impacts COVID-19 outcomes [4] [6]. An important
therapeutic question that emerged early during the COVID-19 pandemic was
whether the use of insulin to control glucose levels and metabolic abnormalities
in T2D patients who developed COVID-19 would be safer and more effective
than other glucose-lowering agents [7]-[9]. After the first year of the pandemic,
a review published in Nature Reviews Endocrinology [9] proposed that insulin
was the best option as compared to inhibitors of sodium-glucose cotransporter 2
(iSGLT2), and inhibitors of dipeptidyl peptidase 4 (iDPP4). A similar recom-
mendation was published in a review in The Lancet: Diabetes & Endocrinology
[10]. However, at about the same time, a study reported that the use of insulin
was associated with increased mortality in patients with COVID-19 and T2D,
and suggested that this outcome was due to increased systemic inflammation
and aggravated injuries of vital organs [11]. The publication of this study initi-
ated an important debate in the field, and after three years, we are still uncertain
about the impact of insulin use on T2D patients with COVID-109.

In 2022, a large meta-analysis evaluated the outcomes of treating T2D in
COVID-19 patients with iSGLT2, iDDP4, metformin, glucagon-like-1 receptor
antagonists (GLP1-RA), thiazolidinediones (TZD), inhibitors of alpha-glucosidase,
secretagogues and insulin [12]. The study showed that iSGLT2 and GLP1-RA
were the drugs with the lowest, whereas insulin was the drug with the highest
risk of adverse outcomes [12]. However, the study included articles published
until September 2022, which means that it was representative of a very particular
phase of the pandemic when mortality was high and there was no vaccine avail-
able. At present, the spectrum of patients developing severe COVID-19 has
changed as compared to the early days of the pandemic, and this could impact
the responsiveness and complications attributed to insulin. Therefore, we hy-
pothesized that the use of insulin to treat patients with T2D and COVID-19
could represent a risk for increased mortality. Thus, we conducted a systematic
review to determine the current status of the outcomes associated with the use of
insulin in T2D patients who develop severe COVID-19. Our results indicate that
the use of insulin increases the mortality of severe COVID-19 patients with T2D.

2. Methods

This was a systematic review that explored the clinical impact of using insulin in
hospitalized T2D patients with COVID-19 (in four articles, highlighted in Table
1, the patients were already using insulin prior to hospitalization). Two authors
(CFB and MRS), independently, identified studies published until August 31,
2023, which contained data on COVID-19 patients with T2D using or not using
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insulin. The search was conducted separately in four databases: PubMED-NCBI,
Scopus, Web of Science, and Google Scholar. English was the chosen language
for search and articles.

The selected keywords and their synonymous terms, which were selected from
the MeSH database, were: 1) “insulin” OR “regular insulin” OR “soluble insulin”;
2) “diabetes mellitus, type 2” OR “diabetes mellitus type 2” OR “diabetes mellitus
type II” OR “type 2 diabetes” OR “diabetes mellitus, non-insulin-dependent”; iii,
“covid-19” OR “SARS CoV 2” OR “2019 novel coronavirus” OR “2019 nCoV”
OR “covid-19” OR “severe acute respiratory syndrome coronavirus 2 infection”
OR “coronavirus disease 2019”. All these synonyms were combined using
“AND”, and the search was performed in the title and/or abstract. The search
was conducted similarly in all databases.

From all the articles found in the four databases, the researchers inde-
pendently excluded duplicates and selected the relevant articles, based on the ti-
tle and abstract—those directly or indirectly related to the correlation of favorable
and unfavorable outcomes with the use or non-use of insulin in patients T2D and
with COVID-19. Once this process was concluded, the authors compared their
findings (cross-reference), resulting in the final pre-selected list of 543 articles.

From this list, 480 articles were screened for one or more of the following ex-
clusion criteria, previously defined by the researchers: editorials, meta-analyses,
systematic reviews, experimental studies, comments, letters to the Editor, studies
without descriptions of patients’ clinical characteristics and/or current therapeu-
tic regimens, studies that did not follow the selected clinical criteria, duplicated
articles, and texts in languages other than English. After exclusions, 63 articles
remained for the study analysis. Finally, the authors independently and carefully
analyzed each of the 63 articles to determine those with the necessary and acces-
sible data, which means, the articles presented in detail the pharmacological in-
terventions for each group of patients and the respective clinical outcomes. In
case of discrepancies, a third author (LAV) was consulted. As a result, 29 articles
were included in the final analysis (Figure 1). Risk of bias was evaluated by three
authors, independently (CFB, MRS and LAV).

For the statistical analysis, the assumption was that the use of insulin to treat
T2D in patients with COVID-19 could increase mortality. It was determined the
probability of the outcome, under analysis, to occur, using the odds ratio. This
analysis was made for all the study designs, together and separately. The out-
come under analysis was death. Patients using insulin were considered the in-
tervention group, and patients without insulin were considered the control
group. In addition, an unpaired student’s t-test was used to determine the statis-
tical difference of the percentage of alive patients, between patients using insulin
and those not using insulin. The significant difference was defined as p < 0.05.

The software employed for statistical analysis was StatView for Windows.

3. Results

This systematic review evaluated the outcomes of 3,070,657 patients with severe
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COVID-19 and T2D that required pharmacological intervention to treat hyper-
glycemia (Table 1).

Table 1. Articles included in the final analysis.

T2D Patients With Covid-19

Articles
Type of Study

10.1016/j.jcte.2021.10

0265 Retrospective Study 166 82 248 171 77 94 74 168 54 23 77
10.1002/edm2.301  Retrospective Study 74 57 131 48 83 40 8 48 68 15 83

0.1016/52213-8587 Observational
159,3730 1,257,735 2,851,465 350,960 2,500,505 338,180 2825 341,005 2,446,340 10,654 2,456,994

(21)00050-4 Cohort Study
10.1080/07435800.202
Retrospective Study 86 80 166 88 78 57 31 88 64 14 78
0.1856865 *
10.1016/j.cmet.2020.1 .
i Retrospective Study 364 325 689 346 343 252 94 346 231 12 243
10.2337/dc20-0660 Retrospective Study =~ — — 120 71 49 55 16 71 46 3 49
10.7196/SAM]J.2021.v  Cross-Sectional
. . 304 370 674 421 253 395 26 421 243 10 253
111i10.15779 Descriptive Study
10.7759/cureus.14223 Case Report Article 4 1 5 2 3 1 1 2 2 1 3

10.1007/s00125-020-0  Observational

1782 1014 2796 1039 1757 762 277 1039 1457 300 1757
5351-w * Cohort Study

10.1016/j.diabres.2021 .
Retrospective Study =~ 2121 3598 5708 2073 2735 1661 412 2073 3119 516 3635

.108925
10.1016/j.amjmed.202 .
Retrospective Study 42 42 84 29 55 14 15 29 53 2 55
0.05.033
10.2147/DMS0.53856 "
46 Retrospective Study =~ 1150 773 1923 170 286 93 77 170 119 167 286

10.2337/dc22-0357  Retrospective Study =~ 1910 1157 3067 924 1827 565 359 924 1132 695 1827

10.3389/fend0.2022.9

09874 Retrospective Study 70,617 153,573 224,190 58,271 165,899 47,112 11,159 58,271 142,866 23,033 165,899

10.1007/s13300-022-0
Case-Control Study =~ 7749 6058 13,807 1714 12,093 1497 217 1714 11248 845 12,093

1259-3
10.1155/2022/8030765 Retrospective Study 65 48 113 39 74 28 11 39 53 21 74
10.1155/2022/9322332 Retrospective Study =~ — — 108 43 65 29 14 43 63 2 65
10.1136/bmj -202
MIOPER-2E2 Retrospective Study ~ — - 901 273 628 241 32 273 606 22 628
1-052310
10.1007/s40200-021-0  Observational
155 89 244 140 104 84 56 140 70 34 104
0833-z Cohort Study
Case Report (Series)
10.2337/dc20-1340 . 65 25 90 29 61 10 19 29 42 19 61
Article
10.15277/bjd.2021.319 Retrospective Study = = 84 39 45 21 18 39 28 17 45

Cross-Sectional
10.1002/hsr2.889 L. 46 24 70 39 31 6 33 39 29 2 31
Descriptive Study
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Continued

10.1136/bmjdrc-2021-

002252 Retrospective Study 12,970 893 13,863 3508 10,355 2592 916 3508 7673 2682 10,355

10.2337/dc20-1543 * Retrospective Study 630 649 1279 531 748 246 285 531 639 109 748

10.1186/s13098-022-0

08572 * Case-Control Study 476 220 696 227 469 194 33 227 416 53 469
10.1016/j.eprac.2023.0

é ’6 212 rlac Retrospective Study 279 250 529 377 152 314 63 377 126 26 152

10.2337/dc22-0357  Retrospective Study — — — 2751 924 1827 565 359 924 1132 695 1827

Cross-Sectional
10.1002/hsr2.889 L. 46 24 70 39 31 33 6 39 29 2 31
Descriptive Study

10.5114/hpc.2022.122  Cross-Sectional

L. 76 82 158 111 47 44 67 111 30 17 47
344 Descriptive Study
*Home-use insulin.
Database Search
COVID-19 + diabetes type 2 + insulin (and
synonymous)
December/2019 — August/2023

A4
Pre-selection
543 articles

criteria;

clinical

A
Excluded
480 Excluded: editorials; meta-analyses;
selected

systematic reviews; experimental studies;
the

comments; letters to the Editor; studies
selected clinical criteria studies that did not

follow
duplicated articles; and text in languages

regimens; studies that did not follow the
other than English.

lacking descriptions of patients' clinical
characteristics and/or current therapeutic

v v
Data available Data in inconvenient format*
29 articles 34 articles

Figure 1. Systematic review flowchart. *Data in inconvenient format: refers to data with-
out raw number for analysis.
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The outcomes of the patients were reported in 29 articles published between
December 2019 and August 2023, and included detailed information about the
medication that was used and the final outcome, as deceased or alive (Figure 1).

First, we analyzed the results separately, in each type of study. Two case-control
studies reported the outcomes of 14,503 patients (Table 2); 1,941 under insulin
therapy and 12,562 under other modalities of intervention except for insulin.

In these studies, there was increased mortality in the insulin group with an
odds ratio of 1.92. In two case report articles that included 95 patients (31 treat-
ed with insulin and 64 with no insulin), there was increased mortality in the in-
sulin group with an odds ratio of 4.0 (Table 3).

In four cross-sectional studies, there were 972 patients (610 treated with insu-
lin and 362 with no insulin), and there was an increased mortality in the insulin
group with an odds ratio of 2.94 (Table 4).

Three observational cohort studies reported the outcomes of 2,801,039 pa-

tients (Table 5); 342,184 were under insulin therapy and 2,458,855 were under

Table 2. Odds ratio in case-control studies.

Deceased Alive Odds
With Insulin 250 1691 250/1691 = 0.148
Without Insulin 898 11,664 898/11,664 = 0.077
Totals 1148 13,355 0.148/0.077 = 1.92

Table 3. Odds ratio in case report articles.

Deceased Alive Odds
With Insulin 20 11 20/11 =1.818
Without Insulin 20 44 20/44 = 0.455
Totals 40 55 1.818/0.455 = 4.00

Table 4. Odds ratio in cross-sectional descriptive studies.

Deceased Alive Odds
With Insulin 132 478 132/478 = 0.276
Without Insulin 31 331 31/331 = 0.094
Totals 163 809 0.276/0.094 = 2.94

Table 5. Odds ratio in observational cohort studies.

Deceased Alive Odds
With Insulin 3158 339,026 3158/339,026 = 0.009
Without Insulin 10,988 2,447,867 10988/2,447,867 = 0.004
Totals 14,146 2,786,893 0.009/0.004 = 2.25
DOI: 10.4236/jdm.2024.143014 171 Journal of Diabetes Mellitus
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other modalities of intervention except for insulin. In these studies, there was
increased mortality in the insulin group with an odds ratio of 2.25.

Finally, 18 retrospective studies evaluated 254,048 patients; 67,922 were treat-
ed with insulin, and 186,126 were treated with other modalities of intervention
except for insulin (Table 6). In these studies, there was increased mortality in the
insulin group with an odds ratio of 1.46.

Table 6. Odds ratio in retrospective studies.

Deceased Alive 0Odds
With Insulin 13,943 53,979 13,943/53,979 = 0.258
Without Insulin 28,054 158,072 28,054/158,072 = 0.177
Totals 41,997 212,051 0.258/0.177 = 1.46

Next, we used two approaches to evaluate the whole sample: the determina-
tion of the odds ratio, and a direct comparison of the two groups using unpaired
Student’s t-test. In the evaluation of all 3,070,657 patients included in this study
(412,688 treated with insulin and 2,657,969 treated with another approach ex-
cept for insulin) there was an odds ratio of 2.93 indicating greater mortality in
the insulin group. This was further confirmed by the determination of the per-

centage of alive patients in either group (Figure 2).

150- %k
S
® 100+
c
2
®
o
-2 50—
<
0 1 T
With Insulin Without Insulin
Treatment

Figure 2. Percentage of alive patients in all studies, comparing the use or non-use of insu-
lin in patients with T2D and with COVID-19. Values are expressed as violin plot, **p <
0.01, Unpaired Student’s t-test.

4. Discussion

In this study, we show that using insulin as a therapeutic intervention to treat
hyperglycemia and metabolic abnormalities in patients with T2D who develop
severe COVID-19, increases the probability of death by almost 200%, which is
similar to a previous publication [12]. While deaths related to COVID-19 are
also closely related to the clinical condition of the disease, the more severe forms
of the illness are strongly associated with the presence of comorbidities [13].

Among these, T2D plays an important role due to its high prevalence in the
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population and its impact on several organs and systems that play important
roles in whole-body homeostasis. As a chronic disease that is frequently poorly
controlled, T2D impacts several clinical parameters that negatively influence the
prognosis of COVID-19, such as the functional impairment of phagocytes, and
the abnormal expression of the SARS-CoV2 receptor, ACE2, both of which di-
rectly interfere with the pathogenesis of COVID-19 [14]-[16].

Given the high prevalence and the pathophysiological complexity of diabetes
mellitus, it is not a surprise that up to 58% of all COVID-19 patients have diabe-
tes [17]. Moreover, infected patients with diabetes have an increased 8% risk of
death and are nearly 15% more likely to require intensive care as compared to in-
dividuals without this comorbidity [18]. Thus, these patients need special attention
in the treatment of COVID-19, as well as rigorous management of diabetes.

Despite recent advances in the pharmacological treatment of diabetes, a con-
siderable fraction of patients use insulin as monotherapy or in conjunction with
other drugs. In addition, when patients with diabetes develop severe infectious
diseases or other medical conditions that require intensive care, insulin is com-
monly used to maintain metabolic stability, and this is recommended in the
most important guidelines for diabetes management [19] [20]. Thus, it was not a
surprise that in the early days of the COVID-19 pandemic, important journals
published reviews, editorials, commentaries, and expert opinions recommending
insulin as the drug of choice for the treatment of hyperglycemia in severe
COVID-19 [9] [10]. However, in early 2021, a study reported for the first time
that using insulin to treat severely ill COVID-19 patients with diabetes resulted
in increased mortality [11]. The study retrospectively evaluated 689 patients with
COVID-19 and T2D and showed an increased mortality in the insulin-treated
group with a hazard ratio of 5.38. The authors suggested that mortality could be
due to increased inflammatory activity and increased damage to vital organs
[11].

The publication of that study [11] triggered a series of questions regarding the
optimal pharmacological intervention to treat diabetes in patients with COVID-19.
In addition, it stimulated the search for the mechanisms behind this putative
adversity. As a whole, we found seven articles [12] [21]-[26] that performed sys-
tematic reviews/meta-analyses to determine the impact of using insulin to treat
hyperglycemia in patients with severe COVID-19. In all of them, the results in-
dicated that using insulin resulted in increased complications and/or mortality.
However, the studies were all published between July 2021 and October 2022;
thus, they are representative of a phase of the pandemic with high mortality
rates, and when most patients had not been submitted to vaccination.

In the present study, we revisited the theme, incorporating articles published
in late 2022 and 2023, thus expanding the analysis for a new phase when
COVID-19 is no longer a pandemic, and when the number of people fully vac-
cinated is much greater than when the prior studies were performed. In addi-

tion, the selection of articles was very strict, including only those with a clear
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description of therapeutic interventions for the treatment of hyperglycemia, and
the relation of such interventions with one out of two outcomes: alive or de-
ceased. Our results reinforce the concept that using insulin in patients with se-
vere COVID-19 increases mortality and have a broad impact on clinical science,
which goes much beyond diabetology and endocrinology. In addition, it calls for
actions aimed at defining the mechanisms that contribute to the increased rate

of mortality in insulin-treated patients.
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