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ARTICLE INFO ABSTRACT

Keywords: Aim: To evaluate the impact of diabetes and COVID-19 on all-cause-mortality and first hospitalizations for
COVID-19 cardiovascular events (CVE): myocardial infarction or stroke, within six months after being tested positive and
Diabetes

having recovered from SARS-CoV-2 infection.

Methods: Resident population in Tuscany, Italy of age 45-94 yr without prior hospitalization for CVE, tested
positive for SARS-CoV-2 by March 1st, 2020 and afterwards recovering from COVID-19 was compared with age,
gender and diabetes matched controls without infection, for incidence rate ratio (IRR) of all-cause-deaths or first
CVE at six months follow up.

Results: 46,152 subjects of whom 4,597 with diabetes, tested positive and recovered from SARS-CoV-2 were
compared with 1:1 age, gender and diabetes matched controls without infection. COVID-19 was associated with
higher all-cause-mortality: IRR:1.92(95 %CI:1.63-2.25) while diabetes with increased risk of first CVE hospi-
talizations: IRR:2.24(2.18-4.25). Co-presence of COVID-19 and diabetes didn’t add any additional excess risk.
Being women and statins’ use significantly reduced death risk.

Conclusions: After recovery from COVID-19, independently of diabetes, all-cause-mortality risk at six months was
twofold increased, while risk of first CVE hospitalization remained unmodified. Diabetes, independently of prior
COVID-19, resulted in higher six-months risk of first CVE not of death. Female gender and statins’ use reduced
both excess risks.

All-cause mortality
Cardiovascular events
Gender

Statins

1. Introduction swab in people who had afterwards recovered from SARS-CoV-2 infec-
tion. Finally, to better elucidate the possible independent effect of dia-
betes on the risk of death or of hospitalization for CVE we additionally

compared the incidence rates of death and of first CVE hospitalizations

Coronavirus 19 disease 2019 (COVID-19), associated with SARS-
CoV-2 virus pandemic, leads to a significant increase in the risk of

death, mainly affecting elderly people with chronic diseases including
diabetes [1-5]. Moreover, COVID-19 shares with diabetes an increased
risk of thrombotic or thromboembolic events leading to acute cardio-
vascular events [6-10]. In addition, mortality linked to diabetes or to
incident myocardial infarctions are significantly augmented during
COVID-19 acute manifestations [11,12]. Scarce data, however, exist
about the mutual role of diabetes and of COVID-19 on the risk of mor-
tality as well as of the risk of first-ever cardiovascular events in people
tested positive for SARS-CoV-2 infection after its recovery. Aims of this
study were, therefore, to evaluate the impact of diabetes and of COVID-
19 on the risk of death as well as of first hospitalizations for cardio-
vascular events (CVE) within six months from a positive nasopharyngeal

* Corresponding author.
E-mail address: giuseppe.seghieri@gmail.com (G. Seghieri).

https://doi.org/10.1016/j.diabres.2022.109872

in people with diabetes during COVID-19 epidemic with those retro-
spectively observed from a similarly matched cohort with diabetes in
pre-COVID-19 year (2019) and followed up for a same time period.

2. Material and Methods
2.1. Population under study

The population under study included all residents in Tuscany, Italy of
age 45-94 years who resulted as being affected with SARS-CoV-2 by

March 1st, 2020 as identified by a positive nasopharyngeal swab and
who afterwards recovered, querying the regional database including all
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SARS-CoV-2 swabs (COVID+; n = 46,152). Only people who didn’t have
any prior hospitalization for CVE (stroke, myocardial infarction or heart
failure) as to March 1st, 2020 were selected. The regional database
including all nasopharyngeal SARS-CoV-2 swabs was continuously fed
by the operators of the Health Care Regional Units and managed by the
National Institute of Health. People affected with diabetes were identi-
fied according to an algorithm which has been validated and shown to
identify more than 80% of people with diabetes living in Tuscany [13].
Each SARS-CoV-2 positive swab was paired with a subject non-present in
the whole database of SARS-CoV-2 swabs, (n = 46,152; COVID-19-), 1:1
matched for gender, age and diabetes. By this procedure we finally ob-
tained four cohorts: (COVID-19+ Diabetes-: n = 41,555; COVID-19+
Diabetes+: n = 4,597; COVID-19- Diabetes-: n = 41,555; COVID-19-
Diabetes+; n = 4,597). For each individual present in the dataset
further information was obtained about prior prescription of statins
(ATC C10%), or of antiplatelet drugs (ATC BO1 AC) querying the regional
database of all drug prescription claims. From this database, moreover,
in people identified with diabetes, the current glucose lowering therapy
at baseline was identified as: oral drugs: (ATC A10BAO2, A10BB¥,
A10BH*, A10BJ*, A10BK*, A10BG*, A10BD*, A10BF*, A10BX*), only
insulin (ATC A10A*), or oral drugs + insulin. For each subject the
Charlson index [14] was recorded, regarding the hospitalizations of
previous three years and coded as 0, 1 and 2. Further, the index related
toindividual socio-economic status (deprivation index) [15] was added
and coded as low, medium or high.

2.2. QOutcomes and statistics

The incidence rate of all-cause death, retrieved from the regional
census, and of first hospitalization for myocardial infarction (ICD-9 410.
xx or ICD-9: 36.01, 36.02, 36.05, 36.06, 36.1), or stroke (ICD9 430.xx,
431.xx, 432.xx, 434.xx or 436.xx) both retrieved from the regional
database of all hospitalizations, were estimated for each cohort in a
time-to-event analysis by Kaplan-Meyer survival curves. Since the inci-
dence rate of first hospitalizations for myocardial infarction was rela-
tively scarce in some groups, for the purposes of this study myocardial
infarction was assembled with stroke in a unique composite outcome. In
each cohort the rates of incident first hospitalizations for myocardial
infarction, stroke and of deaths, adjusted for all considered covariates,
were analyzed by a Poisson multivariate regression model. For each
subject the observation period was calculated to be 6 months or less, in
case of an event (death or first hospitalization). This model was also used
to calculate all incidence rate ratios (IRR) with 95% CIs of death or first
hospitalization for cardiovascular events (dependent variables),
adjusting for diabetes, COVID-19, gender, age class, Charlson index,
socio-economic status (deprivation index) and current drug therapies
including glucose lowering drugs, antiplatelets and statins (independent
variables in the model). To evaluate the effect by co-presence of COVID-
19 and diabetes on death or first hospitalization for cardiovascular
events the interaction term COVID-19*diabetes was added to the list of
covariates in the model.

Finally, the effect of diabetes on the risk of death or of cardiovascular
events in the actual cohort was compared with the risk of these outcomes
in an age and gender matched cohort obtained in the pre-COVID-19
period from the regional registry of people with diabetes and retro-
spectively followed up for six months in pre-COVID-19 period, starting
on January 1st 2019 until June 30th 2019 and adjusting for the same
covariates.

Everyone was identified across all used databases by an anonymous
alphanumeric unique identifier to prevent disclosure of identity as well
as of any other sensitive information. Because of such formal protection,
no informed consent or any approval by an Ethics Committee was
required, according to current national and regional rules.

Statistical analyses were performed using Stata version 15.0 (Stata-
Corp LLC, College Station, TX, USA).
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3. Results

The characteristics of the population under study, stratified by
presence-absence of COVID-19 and diabetes (COVID+ Diabetes-, COV-
ID+ Diabetes+, COVID-Diabetes-, COVID- Diabetes+) are reported in
Table 1. People with diabetes were more prevalent in classes with more
advanced age and, as expected, were associated with more comorbid-
ities (Charlson index 2 + ) as well as with higher rates of current therapy
with statins or antiplatelet drugs. Women were more prevalent across all
groups. About 60% of subjects with diabetes were treated with oral
drugs, 18% with insulin alone or in association with oral drugs and 22%
with no glucose lowering drugs. Deprivation index levels, reflecting
socio-economic status were equally distributed in subjects with or
without diabetes. The adjusted incidence rates of mortality were higher
in people tested positive for COVID-19, independently of diabetes, while
on the contrary the rates of first incident hospitalization for cardiovas-
cular events were significantly higher in people with diabetes, inde-
pendently of COVID-19 (Table 2). The analysis of time course free from
the first hospitalization for CVE (myocardial infarction or stroke) or of
survival, expressed by the Kaplan-Meyer curves in the four groups,
confirmed these results (log-rank test < 0.001) (Fig. 1). These results
were, moreover, confirmed by the Poisson multiple regression model
(Table 3). Further variables which increased death IRR were advanced
age, presence of comorbidities (higher Charlson index scores), higher
levels of the deprivation index and the use of antiplatelet drugs. Baseline
therapy with insulin alone was nearly, even if not significantly, associ-
ated with all-cause mortality (IRR:1.50; 95 %CI 0.98-2.28p = 0.062).
Female gender and previous statin therapy were, on the contrary,
significantly inversely related with the IRR of death, by 14% and
respectively by 33% (Table 3). Co-presence of diabetes and COVID-19
expressed by the interaction term COVID-19*diabetes did not add any
additional risk of death with respect to the risks singly associated with
COVID-19 or diabetes (Table 3).

The six-months-incidence rate of first hospitalizations for cardio-
vascular events was twofold higher in people with diabetes, indepen-
dently of COVID-19 (Table 2) as also suggested by the Kaplan-Meyer
time-course analysis (log-rank test < 0.001) (Fig. 1). Again this
finding was confirmed by the adjusted multivariate model for IRRs
(Table 3). Among all considered covariates, none had a measurable
significant effect on the risk of first cardiovascular events, except for
advanced age and male gender (both positively associated) while co-
presence of COVID-19 and diabetes, as expressed by the interaction
term, again didn’t involve any additional risk with respect to the risks
singly associated with either COVID-19 or diabetes (Table 3). Interest-
ingly from the data of the matched historical cohort retrospectively
followed up across the pre-COVID period 1st March 2019- to 31st August
2019, comparing persons with and without diabetes, this latter was
associated with a significantly higher IRR of mortality and of hospital-
izations for first cardiovascular events (by 17% and respectively by 67%;
p < 0.05 for both) (Fig. 2).

4. Discussion

The main goal of the study was to test whether diabetes in COVID-19,
after its recovery, is associated with an excess risk of mortality or of new
cardiovascular events and, just for this purpose, the design of the study
included a cohort who had no previous hospitalizations for cardiovas-
cular diseases being these latter, by themselves, an important risk factor
for mortality after COVID-19 [16,17]. The increase in mortality risk was
as twice as high, in COVID-19 + subjects who recovered from viral
infection, when compared with those without any prior documented
exposure to SARS-CoV-2. This excess risk of mortality was, as expected,
related to co-variates such as aging, lower socio-economic status, pres-
ence of co-morbidities or to male sex [1,18,19]. It is noteworthy to stress
that a higher deprivation index is related with an about 20-25% increase
in mortality risk: this could be due to the higher risk exposure to COVID-
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Table 1
Main characteristics of population under study stratified by positivity for COVID-19 and/or diabetes.
COVID + Diabetes- COVID-Diabetes+ COVID-Diabetes+ COVID + -Diabetes+ Total

Age (yr) No. % No. % No. % No. % No. %
45-54 16,499 39.7 620 13.5 16,499 39.7 620 13.5 34,238 37.1
55-64 12,598 30.3 1,135 24.7 12,598 30.3 1.135 24.7 27,466 29.8
65-74 6,533 15.7 1,287 28.0 6,533 15.7 1.287 28.0 15,640 16.9
75-84 4,130 9.9 1,078 23,5 4,130 9.0 1.078 23.5 10,416 11.3
85+ 1,795 4.3 477 10.4 1,795 4.3 477 10.4 4,544 4.9
Gender
Male 19,105 46.0 2,241 48.7 19,105 46.0 2,241 48.7 42,692 46.3
Female 22,450 54.0 2,356 51.3 22,450 54.0 2,356 51.3 49,612 53.7
Glucose lowering therapy
None 41,555 100.0 1,028 22.4 41,555 100.0 1,027 22.3 85,028 92.1
Oral drugs only 2,798 60.9 2,779 60.5 5,708 6.2
Insulin alone 363 7.9 369 8.0 736 0.8
Insulin + oral drugs 408 8.9 422 9.2 832 0.9
Previous statin therapy
No 37,060 89.2 2,544 55.3 37,017 89.1 2,657 57.8 79,278 85.9
Yes 4,495 10.8 2,053 44.7 4,538 109 1,940 42.2 13,026 14.1
Previous antiplatelet therapy
No 38,279 92.1 3,229 70.2 38,039 91.5 3,258 70.9 82,805 89.7
Yes 3,276 7.9 1,368 29.8 3,516 8.5 1,339 29.1 9,499 10.3
Charlson index
0 40,222 96.8 4,028 87.6 40,099 96.5 3,939 85.7 88,288 95.6
1 444 1.1 250 5.4 550 1.3 274 6.0 1,518 1.6
2+ 889 2.1 319 6.9 906 2.2 384 8.3 2,498 2.8
Deprivation index
low 13,771 33.1 1,378 30.0 14,590 35.1 1,374 29.9 31,113 33.7
medium 14,233 34.3 1,606 34.9 13,764 33.1 1,579 34.3 31,182 33.8
high 13,551 32.6 1,613 35.1 13,201 31.8 1,644 35.8 30,009 325

Table 2

Adjusted incidence rates of first hospitalizations for myocardial infarction or for stroke (a); and of deaths or of first cardiovascular events (either myocardial infarction
or stroke) (b) in the four groups under study stratified by prior COVID-19 and/or diabetes.

a)
Incidence rate of first hospitalizations for myocardial infarction Incidence rate of first hospitalizations for stroke
Groups Events Persons Days Adj, Rate (95% CI) per 100,000p-days Events Persons Days Adj, Rate (95% CI)
per 100,000p-days
COVID- Diabetes- 42 41,555 7,460,448 0.6 (0.4-0.8) 40 41,555 7,476,272 0.6 (0.4-0.7)
COVID -Diabetes+ 12 4,597 821,102 1.1 (0.1-2.1) 16 4,597 826,244 1.5 (0.4-2.5)
COVID + Diabetes- 24 41,555 7,435,501 0.3 (0.2-0.5) 42 41,555 7,476,257 0.6 (0.4-0.8)
COVID + Diabetes+ 9 4,597 813,643 0.8 (0.0-1.6) 17 4,597 825,511 1.5 (0.5-2.5)
b)
All cause mortality Incidence rate of first hospitalization for myocardial infarction or stroke
Groups Deaths  Persons  Days Adj, Rate (95% CI) per 100,000p-days  Events  Persons  Days Adj, Rate (95% CI)
per 100,000p-days)
COVID- Diabetes- 219 41,555 7,460,448 3.5 (3.0-4.0) 82 41,555 7,472,320 1.1 (0.9-1.4)
COVID -Diabetes+ 70 4,597 821,102 4.3 (2.9-5.6) 28 4,597 825,119 2.6 (1.1-4.0)
COVID+Diabetes- 429 41,555 7,435,501 6.7 (5.9-7.4) 66 41,555 7,474,755 0.9 (0.7-1.1)
COVID+Diabetes+ 134 4,597 813,643 7.7 (5.7-9.7) 26 4,597 824,758 2.4 (1.0-3.7)

19 in lower socio-economic strata of the population [20]. In addition,
women especially in their pre-menopausal age are known to be more
easily affected by COVID-19, being this partly confirmed also by the
higher prevalence of women among people tested positive for COVID-19
also in our dataset, [21,22]. Nonetheless, even if more prevalent, women
seem to be more protected from the incremental risk of death or of acute
cardiovascular events related to COVID-19, in agreement with previous
studies [23-25]. Interestingly, the current use of statins is significantly
associated with reduced risk of mortality associated with COVID-19. The
protective action of statins against the consequences of infectious dis-
eases has long been known [26], even if with conflicting results about
any eventual protective action by statins against mortality risk related to
SARS-CoV-2 infection [27-30]. In this study, the absence of previous
hospitalizations for cardiovascular events at basal suggests that statins
were mainly used for primary prevention or for the treatment of dysli-
pidemia, possibly amplifying the protective action of statins against the

risk of mortality.

A further important finding of this study is that diabetes, indepen-
dently of COVID-19 and other covariates, didn’t significantly increase
death incidence rate at 6-months follow up (IRR: 1.23; 95% CI
0.84-1.78; p = NS), and that the co-presence of pre-existing diabetes and
COVID-19 didn’t carry an additional risk of premature death as evi-
denced by the interaction term diabetes*COVID-19 entering the model.
The reason of this seemingly paradox could be hypothesized as due to a
greater medicalization level among people with diabetes especially
concerning the use of statins about four times more prevalent among
people with diabetes. Interestingly examining the cohort on therapy
with statins, the IRR of all-cause mortality for the interaction term prior
COVID-19*diabetes was near to statistical significance: 0.56; IC95%
0.30-1.05; p = 0.072 pointing to a protective trend, being, on the con-
trary, largely non-significant (1.23; 95 %CI 0.80-1.89; p = 0.34) for
those not on statins (data not shown). Another class of drugs,
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b)
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Fig. 1. Kaplan-Meyer curves describing cumulative survival rates at six months (a) or time course of CVE (stroke or myocardial infarction) incidence rates (b) in the
four groups under study (COVID-19 + Diabetes-, COVID + Diabetes+, COVID-19-Diabetes-, COVID + Diabetes- (log-rank test < 0.001 for both).

Table 3

Adjusted incidence rate ratios IRR (95% CI) at six months of all-cause mortality
and of first hospitalizations for myocardial infarction or stroke after positivity
and recovery from prior COVID-19 and/or to diabetes after adjusting for possible
confounders, by Poisson multiple regression models.

All cause Hospitalization for
mortality myocardial infarction
or stroke
IRR (95% CI) P IRR (95% CI) P
Diabetes 1.23 (0.84-1.78) 0.283 224 0.013
(2.18-4.25)
COVID-19 1.92 (1.63-2.25) 0.000 0.80 0.172
(0.58-1.10)
Diabetes*COVID-19 0.94 (0.67-1.31) 0716  1.15 0.665
(interaction) (0.61-2.14)
Age (yr)
45-54 (Ref.) 1 —
55-64 2.56 (1.64-3.98) 0.000 211 0.003
(1.29-3.44)
65-74 10.35 0.000 3.82 0.000
(6.94-15.43) (2.34-6.23)
75-84 24.02 0.000 5.78 0.000
(24.02-35.5) (3.50-9.54)
85+ 73.24 0.000 7.44 0.000
(49.68-108.00) (4.20-13.19)
Gender (F vs M) 0.86 (0.75-0.99) 0.039 0.56 0.000
(0.42-0.75)
Deprivation index
Low (Ref.) 1 —_—
medium 1.22 (1.03-1.45) 0.024 0.84 0.300
(0.60-1.17)
High 1.26 (1.06-1.49) 0.007  0.84 0.323
(0.60-1.18)
Therapy
Statins 0.67 (0.56-0.80) 0.000  0.90 0.574
(0.63-1.30)
Antiplatelets 1.23 (1.06-1.44) 0.007 1.17 0.394
(0.81-1.70)
Glucose lowering
drugs
None (Ref.) 1 —
Oral drugs only 0.91 (0.65-1.28) 0.577  0.83 0.562
(0.44-1.57)
Insulin alone 1.50 (0.98-2.28) 0.062  0.92 0.879
(0.33-2.59)
Insulin + oral drugs 1.06 (0.62-1.81) 0.835 0.68 0.499
(0.22-2.09)
Charlson index
(1vs0) 2.07 (1.59-2.68) 0.000 1.40 0.329
(0.71-2.78)
(2+vs0) 4.93 (4.16-5.86) 0.000  1.49 0.161

(0.85-2.61)

antiplatelets, seems, on the contrary, to be tracking a significant greater
risk of mortality: IRR = 1.23 (95% CIL: 1.06-1.44); p = 0.007, being
probably related to the higher basal risk of cardiovascular morbidity
associated with the plausible reasons for their prescription. A further
hypothesis is that people with diabetes recovering from COVID-19 could
reasonably represent a sort of survivors’ cohort, resulting from the basal
loss of the older and more complicated patients during the acute phase
of the illness. This is indirectly suggested by the comparison with the
matched pre-COVID-19 cohort of people with diabetes who, followed-up
for six months, showed a significant 17% excess risk of mortality.

In the cohort with diabetes, a further interesting aspect is the nearly
significant association between mortality IRR and the prevailing therapy
with insulin at basal (1.50 (95% CI: 0.98-2.28); p = 0.062, which could
be related to a prior worse metabolic control, a longer duration of dia-
betes, and/or to an intrinsic higher risk associated with treatment with
this drug, as especially observed during the acute phase of the infection
[31,32], all hypotheses which, as a limitation of this study, it is not
possible to evaluate.

Furthermore, according to the present study, prior COVID-19, after
its recovery, does not influence the risk of myocardial infarction or
stroke, suggesting that the initial increase in thrombo-embolic risk, as
observed during the acute viral disease, doesn’t extend at further follow
up in this population without history of previous hospitalizations for
cardiovascular events.

Preexisting diabetes, however, even after recovery from SARS-CoV-2
is significantly associated with a greater risk of first hospitalization for
first cardiovascular events, exactly as observed in the pre-COVID-19
matched cohort. Diabetes maintains, therefore, also after COVID-19 its
expected role of risk magnifier for first hospitalizations associated with
acute cardiovascular events. There is to note, however, that, as for
mortality, copresence of prior COVID-19 and diabetes did not lead to
any additional risk. All this suggests that people with diabetes, recov-
ering from COVID-19 may be, at least in part, protected towards new
hospitalizations for acute cardiovascular events. Perhaps this may be
due to the same reasons why people with diabetes are protected from the
risk of premature death i.e. from a more effective medicalization and, in
this case, from the possible competitive effect of premature death (in
COVID-19) impeding any future incidence of cardiovascular events. A
further reason could be found in the expected overall reduction in
hospitalization rate for acute cardiovascular events, as observed during
the COVID-19 pandemic, [33-35] which could thereby significantly
reduce the excess risk associated with diabetes.
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Fig. 2. Effect of diabetes on six months incidence rate ratio (IRR; 95% CI) of all-cause mortality or of first CVE (myocardial infarction/stroke) after swab positivity
and recovery from COVID-19 (@) or as from an antecedent similarly matched pre-COVID-19 cohort of people with diabetes (l).

4.1. Limitations and strengths of the study

This study has several limitations, the most important is of being an
observational retrospective study based on administrative datasets
which do not permit to access to clinical data of interest. Moreover, due
to its design, this study doesn’t represent a real population-based study
being restricted to people without prior hospitalizations for acute car-
diovascular diseases, and due to its short follow up, the incidence of new
first events is seemingly reduced. This study has, however also some
strengths being based on large validated databases and constituting a
basal cohort for further extending the observation period.

4.2. Conclusions

Within six months from firstly being tested positive through a
nasopharyngeal swab and having recovered from COVID-19 during the
first wave of SARS-CoV-2 epidemic, the risk of all-cause mortality was as
twice higher as compared with matched individuals without SARS-CoV-
2 infection, without modifying the risk of being hospitalized for first
cardiovascular events. People with diabetes had an about twofold
greater adjusted risk of first hospitalization for stroke or myocardial
infarction, without any increase in the risk of death. The co-presence of
diabetes and of prior COVID-19 didn’t add any excess risk of mortality,
as well as of first incident hospitalizations for first cardiovascular events.
This probably might be the consequence of a more prevalent use of
statins among patients with diabetes, selecting a cohort of more pro-
tected survivors, as well as of the expected decrease in hospital admis-
sions for cardiovascular diseases during SARS-CoV-2 epidemic. Across
this short-term observation period, after the recovery by viral infections,
a higher score of Charlson index as well as of the deprivation index and,
above all, a more advanced age markedly increased the risk of death.
Finally, women, independently of diabetes, were more protected against
the risk of death or of new hospitalizations for cardiovascular events.

5. Contribution statement

FP, GS, PF developed the study protocol, FP conducted the data
analysis, PF and FP analysed the data, GS discussed and analysed the
data and wrote the manuscript. FP is the guarantor of this work and, as
such, had full access to all the data in the study and takes responsibility
for the integrity of the data and the accuracy of the data analysis. All
authors critically discussed, revised and approved the final version of
the paper.

Funding

This research received no specific grant from any funding agency in

the public, commercial or not-for-profit sectors.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1] Shi C, Wang L, Ye J, Gu Z, Wang S, Xia J, et al. Predictors of mortality in patients
with coronavirus disease 2019: a systematic review and meta-analysis. BMC Infect
Dis 2021;21(1). https://doi.org/10.1186/512879-021-06369-0.

[2] Kantroo V, Kanwar MS, Goyal P, Rosha D, Modi N, Bansal A, et al. Mortality and
Clinical Outcomes among Patients with COVID-19 and Diabetes. Med Sci (Basel)
2021;9(4):65. https://doi.org/10.3390/medsci9040065.

[3] 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. https://doi.org/
10.1016/52213-8587(20)30272-2.

[4] Hartmann-Boyce J, Rees K, Perring JC, Kerneis SA, Morris EM, Goyder C, et al.
Risks of and From SARS-CoV-2 Infection and COVID-19 in People With Diabetes: A
Systematic Review of Reviews. Diabetes Care 2021;44(12):2790-811. https://doi.
org/10.2337/dc21-0930.

[5] Bradley SA, Banach M, Alvarado N, Smokovski I, Bhaskar SMM. Prevalence and
impact of diabetes in hospitalized COVID-19 patients: A systematic review and
meta-analysis. J Diabetes 2022;14(2):144-57. https://doi.org/10.1111/1753-
0407.13243.

[6] Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS, Gommers D, Kant KM, et al.
Confirmation of the high cumulative incidence of thrombotic complications in
critically ill ICU patients with COVID-19: an updated analysis. Thromb Res 2020;
191:148-50. https://doi.org/10.1016/j.thromres.2020.04.041.

[7] Magadum A, Kishore R. Cardiovascular Manifestations of COVID-19 Infection. Cells

2020;9:2508. https://doi.org/10.3390/cells9112508.

Belani P, Schefflein J, Kihira S, Rigney B, Delman BN, Mahmoudi K, et al. COVID-

19 Is an Independent Risk Factor for Acute Ischemic Stroke. AJNR Am J

Neuroradiol 2020;41(8):1361-4. https://doi.org/10.3174/ajnr.A6650.

[9] Schmid A, Petrovic M, Akella K, Pareddy A, Velavan SS, Bozzani A. Getting to the
Heart of the Matter: Myocardial Injury, Coagulopathy, and Other Potential
Cardiovascular Implications of COVID-19. Int J Vasc Med 2021;2021:1-16.
https://doi.org/10.1155/2021/6693895.

[10] Kumar N, Verma R, Lohana P, Lohana A, Ramphul K. Acute myocardial infarction
in COVID-19 patients. A review of cases in the literature. Arch Med Sci Atheroscler
Dis 2021;6(1):169-75. https://doi.org/10.5114/amsad.2021.109287.

[11] Primessnig U, Pieske BM, Sherif M. Increased mortality and worse cardiac outcome
of acute myocardial infarction during the early COVID-19 pandemic. ESC Heart
Fail 2021;8(1):333-43. https://doi.org/10.1002/ehf2.13075.

[12] Ran J, Zhao S, Han L, Ge Y, Chong MKC, Cao W, et al. Increase in Diabetes
Mortality Associated With COVID-19 Pandemic in the U.S. Diabetes Care 2021;44
(7):e146-7. https://doi.org/10.2337/dc21-0213.

[13] Gini R, Francesconi P, Mazzaglia G, Cricelli I, Pasqua A, Gallina P, et al. Chronic
disease prevalence from Italian administrative databases in the VALORE project: a
validation through comparison of population estimates with general practice
databases and national survey. BMC Public Health 2013;13(1). https://doi.org
10.1186/1471-2458-13-15.

[14] Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.

[8

[}


https://doi.org/10.1186/s12879-021-06369-0
https://doi.org/10.3390/medsci9040065
https://doi.org/10.1016/S2213-8587(20)30272-2
https://doi.org/10.1016/S2213-8587(20)30272-2
https://doi.org/10.2337/dc21-0930
https://doi.org/10.2337/dc21-0930
https://doi.org/10.1111/1753-0407.13243
https://doi.org/10.1111/1753-0407.13243
https://doi.org/10.1016/j.thromres.2020.04.041
https://doi.org/10.3390/cells9112508
https://doi.org/10.3174/ajnr.A6650
https://doi.org/10.1155/2021/6693895
https://doi.org/10.5114/amsad.2021.109287
https://doi.org/10.1002/ehf2.13075
https://doi.org/10.2337/dc21-0213
https://doi.org/10.1186/1471-2458-13-15
https://doi.org/10.1186/1471-2458-13-15

F. Profili et al.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

J Chronic Dis 1987;40(5):373-83. https://doi.org/10.1016/0021-9681(87)90171-
8.

Rosano A, Pacelli B, Zengarini N, Costa G, Cislaghi C, Caranci N. Aggiornamento e
revisione dell’indice di deprivazione italiano 2011 a livello di sezione di
censimento [Update and review of the 2011 Italian deprivation index calculated at
the census section level]. Epidemiol Prev. 2020;44:162-170. Italian. doi:
10.19191/EP20.2-3.P162.039.

Pranata R, Huang I, Lim MA, Wahjoepramono EJ, July J. Impact of cerebrovascular
and cardiovascular diseases on mortality and severity of COVID-19-systematic
review, meta-analysis, and meta-regression. J Stroke Cerebrovasc Dis 2020;29:
104949. https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.

Wang J, Zhu J, Yang H, Hu Y, Sun Y, Ying Z, et al. Cardiovascular-related deaths at
the beginning of the COVID-19 outbreak: a prospective analysis based on the UK
Biobank. BMJ Open 2021;11(6):e046931. https://doi.org/10.1136/bmjopen-
2020-046931.

Xiang G, Xie L, Chen Z, Hao S, Fu C, Wu Q, et al. Clinical risk factors for mortality
of hospitalized patients with COVID-19: systematic review and meta-analysis. Ann
Palliat Med 2021;10(3):2723-35. https://doi.org/10.21037/apm-20-1278.
Khanijahani A, Iezadi S, Gholipour K, Azami-Aghdash S, Naghibi D. A systematic
review of racial/ethnic and socioeconomic disparities in COVID-19. Int J Equity
Health 2021;20:248. https://doi.org/10.1186/5s12939-021-01582-4.

Diaz JL, Grau M. Impact of COVID-19 outbreak by income: hitting hardest the most
deprived. J Public Health (Oxf) 2020;42(4):698-703. https://doi.org/10.1093/
pubmed/fdaal36.

Newson L, Manyonda I, Lewis R, Preissner R, Preissner S, Seeland U. Sensitive to
Infection but Strong in Defense-Female Sex and the Power of Oestradiol in the
COVID-19 Pandemic. Front Glob Womens Health. 2021;2:651752. doi: 0.3389/
fgwh.2021.651752.s.

Seeland U, Coluzzi F, Simmaco M, Mura C, Bourne PE, Heiland M, et al. Evidence
for treatment with estradiol for women with SARS-CoV-2 infection. BMC Med
2020;18(1). https://doi.org/10.1186/512916-020-01851-z.

Bienvenu LA, Noonan J, Wang X, Peter K. Higher mortality of COVID-19 in males:
sex differences in immune response and cardiovascular comorbidities. Cardiovasc
Res 2020;116:2197-206. https://doi.org/10.1093/cvr/cvaa284.

Salah HM, Mehta JL. Hypothesis: Sex-Related Differences in ACE2 Activity May
Contribute to Higher Mortality in Men Versus Women With COVID-19.

J Cardiovasc Pharmacol Ther 2021;26(2):114-8. https://doi.org/10.1177/
1074248420967792.

Papadopoulos V, Li Lu, Samplaski M. Why does COVID-19 kill more elderly men
than women? Is there a role for testosterone? Andrology 2021;9(1):65-72. https://
doi.org/10.1111/andr.12868.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Diabetes Research and Clinical Practice 187 (2022) 109872

Policardo L, Seghieri G, Gualdani E, Franconi F. Effect of statins in preventing
hospitalizations for infections: A population study. Pharmacoepidemiol Drug Saf
2018;27(8):878-84. https://doi.org/10.1002/pds.4557.

Hariyanto TI, Kurniawan A. Statin and outcomes of coronavirus disease 2019
(COVID-19): A systematic review, meta-analysis, and meta-regression. Nutr Metab
Cardiovasc Dis 2021;31:1662-70. https://doi.org/10.1016/j.
numecd.2021.02.020. Epub 2021 Feb 27.

Surma S, Banach M, Lewek J. COVID-19 and lipids. The role of lipid disorders and
statin use in the prognosis of patients with SARS-CoV-2 infection. Lipids Health Dis
2021;20(1). https://doi.org/10.1186/s12944-021-01563-0.

Hariyanto TI, Kurniawan A. Statin therapy did not improve the in-hospital outcome
of coronavirus disease 2019 (COVID-19) infection. Diabetes Metab Syndr 2020;14:
1613-5. https://doi.org/10.1016/j.dsx.2020.08.023. Epub 2020 Aug 26.

Memel ZN, Lee JJ, Foulkes AS, Chung RT, Thaweethai T, Bloom PP. Association of
Statins and 28-Day Mortality Rates in Patients Hospitalized With Severe Acute
Respiratory Syndrome Coronavirus 2 Infection. J Infect Dis. 2022;225:19-29. doi:
10.1093/infdis/jiab539.

Kan C, Zhang Y, Han F, Xu Q, Ye T, Hou N, Sun X. Mortality Risk of Antidiabetic
Agents for Type 2 Diabetes With COVID-19: A Systematic Review and Meta-
Analysis. Front Endocrinol (Lausanne). 20216;12:708494. doi: 10.3389/
fendo.2021.708494.

Wiyarta E, Wisnu W. Does Insulin Use Worsen the Prognosis of COVID-19 Patients
with Type 2 Diabetes Mellitus? A Current Update. CDR 2021;18. https://doi.org/
10.2174/1573399818666211117110113. Epub ahead of print.

Katsouras C, Tsivgoulis G, Papafaklis M, Karapanayiotides T, Alexopoulos D, Ntais
E, Papagiannopoulou G, Koutroulou I, Ziakas A, Sianos G, Kouparanis A, Trivilou P,
Ballas C, Samara I, Kosmidou M, Palaiodimou L, Grigoriadis N, Michalis LK,
Giannopoulos S. Persistent decline of hospitalizations for acute stroke and acute
coronary syndrome during the second wave of the COVID-19 pandemic in Greece:
collateral damage unaffected. Ther Adv Neurol Disord. 2021;14:
17562864211029540. doi: 10.1177/17562864211029540.

Mafham MM, Spata E, Goldacre R, Gair D, Curnow P, Bray M, et al. COVID-19
pandemic and admission rates for and management of acute coronary syndromes in
England. Lancet 2020;396(10248):381-9. https://doi.org/10.1016/50140-6736
(20)31356-8.

Toscano O, Cosentino N, Campodonico J, Bartorelli AL, Marenzi G. Acute
Myocardial Infarction During the COVID-19 Pandemic: An Update on Clinical
Characteristics and Outcomes. Front Cardiovasc Med 2021;8:648290. https://doi.
org/10.3389/fcvm.2021.648290.


https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020
https://doi.org/10.1136/bmjopen-2020-046931
https://doi.org/10.1136/bmjopen-2020-046931
https://doi.org/10.21037/apm-20-1278
https://doi.org/10.1186/s12939-021-01582-4
https://doi.org/10.1093/pubmed/fdaa136
https://doi.org/10.1093/pubmed/fdaa136
https://doi.org/10.1186/s12916-020-01851-z
https://doi.org/10.1093/cvr/cvaa284
https://doi.org/10.1177/1074248420967792
https://doi.org/10.1177/1074248420967792
https://doi.org/10.1111/andr.12868
https://doi.org/10.1111/andr.12868
https://doi.org/10.1002/pds.4557
https://doi.org/10.1016/j.numecd.2021.02.020
https://doi.org/10.1016/j.numecd.2021.02.020
https://doi.org/10.1186/s12944-021-01563-0
https://doi.org/10.1016/j.dsx.2020.08.023
https://doi.org/10.2174/1573399818666211117110113
https://doi.org/10.2174/1573399818666211117110113
https://doi.org/10.1016/S0140-6736(20)31356-8
https://doi.org/10.1016/S0140-6736(20)31356-8
https://doi.org/10.3389/fcvm.2021.648290
https://doi.org/10.3389/fcvm.2021.648290

	Effect of diabetes on short-term mortality and incidence of first hospitalizations for cardiovascular events after recovery ...
	1 Introduction
	2 Material and Methods
	2.1 Population under study
	2.2 Outcomes and statistics

	3 Results
	4 Discussion
	4.1 Limitations and strengths of the study
	4.2 Conclusions

	5 Contribution statement
	Funding
	Declaration of Competing Interest
	References


