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Coronavirus disease 2019 (COVID-19), which emerged in Wuhan,
Huabei Province, China, in December 2019, still remains a global pan-
demic, despite the significant improvement in the understanding of its
pathophysiology and targeted anti-inflammatory agents, development of
highly efficacious against severe disease vaccines and the recent intro-
duction of antiviral drugs, such as molnupiravir.

By May 2022, more than 530 million people had been infected by se-
vere acute respiratory syndrome coronavirus-2 (SARS-CoV-2), while al-
most 6.3 million people had died during the disease course. Endothelial
injury and dysfunction have now been recognized as a significant patho-
physiologic mechanism underlying COVID-19 complications [1, 2]. Impair-
ment of endothelial function results in the formation of thrombi through
the induction of a pro-coagulant state, finally leading to decreased organ
perfusion and multi-organ dysfunction [3]. Therefore, we sought to deter-
mine the effect of SARS-CoV-2 on endothelial function in adult subjects.

We searched the PubMed database, from inception to 1% June 2022,
for observational studies enrolling adult patients with COVID-19, either
hospitalized or outpatients, assessing brachial artery flow mediated dila-
tion (FMD) in patients with documented SARS-CoV-2 infection compared
to controls. We utilized data from published reports, also searching rele-
vant supplementary appendices for any missing data of specific interest.
We excluded case reports/case series, narrative reviews and commen-
taries (except for research letters). We did not apply any filter regard-
ing study setting or publication language. Two independent reviewers
(D.P. and A.D.) extracted the data from the eligible reports. We set as the
primary efficacy outcome the difference in FMD between SARS-CoV-2
positive patients and healthy controls. Differences were calculated using
the mean difference (MD), with 95% confidence interval (Cl), after imple-
mentation of the Mantel-Haenszel (M-H) random effects formula. Statis-
tical heterogeneity among studies was assessed by using /* statistics. All
analyses were performed at the 0.05 significance level.

We finally pooled data from 4 observational studies in a total of 465
enrolled subjects. Notably, all studies were conducted in the post-acute
setting [4-7]. A summary of participants’ baseline characteristics across
the selected studies is provided in Table I. The study selection process is
depicted in Figure 1.
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Table I. Summary of participants’ baseline characteristics across the selected studies

Parameter Ratchford et al. Jud et al. (2021) Ambrosino et al. Lambadiari et al.
(2021) (2021) (2021)

Number of SARS-CoV-2: 11 SARS-CoV-2: 14 SARS-CoV-2: 133 SARS-CoV-2: 70

enrolled subjects Control: 20 Controls: 14 Control: 133 Control: 70

Age [years] SARS-CoV-2:20.1(1.1)  SARS-CoV-2: 68.7 (12)

SARS-CoV-2: 61.6 (10.6)

SARS-CoV-2: 54.5 (9)

Control: 23 (1.3) Control: 30.7 (4.2)

Control: 60.4 (11.5)

Control: 54.8 (8.9)

Male to female SARS-CoV-2: 4/7 SARS-CoV-2:7/7

SARS-CoV-2: 108/25

SARS-CoV-2: 44/26

ratio Control: 5/15 Control: 7/7 Control: 107/26 Control: 44/26

Body mass SARS-CoV-2:23.5 (2.9) SARS-CoV-2:29.4 (8.3) SARS-CoV-2: NR SARS-CoV-2: NR

index [kg/m?’] Control: 22.5 (2.2) Control: 23.8 (3.2) Control: NR Control: NR

Setting (acute Post-acute Post-acute Post-acute Post-acute

or post-acute)

Hypertension NR SARS-CoV-2: 6/14 SARS-CoV-2: 68/133 None
Control: 0/14 Control: 74/133

Diabetes NR SARS-CoV-2: 0/14 SARS-CoV-2:21/133 None

mellitus Control: 0/14 Control: 23/133

Dyslipidemia NR SARS-CoV-2: 8/14 SARS-CoV-2: 12/133 None
Control: 0/14 Control: 14/133

Current NR SARS-CoV-2: 0/14 SARS-CoV-2: 12/133 SARS-CoV-2: 16/70

smoking Control: 4/14 Control: 12/133 Control: 21/70

Data are presented as mean (standard deviation) or absolute numbers, unless otherwise stated. "NR — not reported.
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Figure 1. Flow diagram depicting the study selection process. PRISMA 2020 flow diagram for new systematic

reviews which included searches of databases and registers only

Overall, patients with a history of SARS-CoV-2

in COVID-19. Brachial artery FMD, an endotheli-

infection had significantly lower FMD values com-
pared to healthy controls (MD = -3.35%, 95% Cl:
-4.90 to -1.81, 1> = 85%, p < 0.001), as shown in
Figure 2, indicating significant endothelial dys-
function, even in the post-acute setting.

This is the first relevant meta-analysis ad-
dressing the hot topic of endothelial dysfunction

um-dependent, largely nitric oxide (NO)-mediated
dilatation of conduit arteries in response to an im-
posed increase in blood flow and shear stress, is
an established marker of endothelial function in
clinical practice, especially for the assessment of
patients with prior cardiovascular disease or with
multiple cardiovascular risk factors [8]. FMD has
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Study or COVID-19 positive Controls Weight Mean difference Mean difference

subgroup Mean SD Total Mean SD Total (%) IV, random, 95% CI 1V, random, 95% CI

1.1.1. Adult population

Ambrosino 2021 3.2 26 133 6.4 4.1 133 288 -320[-4.03,-2.37] ——

Jud 2021 444 29 14 458 348 14 18.0 -0.14[-2.51,2.23] —_——

Lambadiari 2021 5.86 2.82 70 9.06 211 70 28.8 -3.20[-4.03,-2.37] ——

Ratchford 2021 271 1.21 11 8.81 296 20 244 -6.10[-7.58,-4.62] —a—

Subtotal (95% Cl) 228 237 100.0 -3.35[-4.90, -1.81] -

Heterogeneity: 1> = 1.98, ¥? = 20.46, df = 3 (p = 0.0001), /* = 85%

Test for overall effect: Z=4.26 (p < 0.0001)

Total (95% Cl) 228 237 100.0 -3.35[-4.90, -1.81] o

Heterogeneity: 1> = 1.98, ¥? = 20.46, df = 3 (p = 0.0001), /* = 85% } } } |
Test for overall effect: Z = 4.26 (p < 0.0001) ~10 5 0 5 10

Test for subgroup differences: Not applicable

COVID-19 positive Controls

Figure 2._Comparison of FMD values between patients with history of SARS-CoV-2 infection and healthy controls

been shown to have a significant, positive correla-
tion with pulmonary function, as assessed with
forced expiratory volume in 1 s, forced vital capac-
ity, and diffusing capacity for carbon monoxide
[5]. Therefore, it may be an additional tool for the
prediction of the risk for impaired lung function
after a recent SARS-CoV-2 infection. In addition,
it has been shown in another observational study
that FMD with an optimal cut-off value of 3.43%
might predict in-hospital mortality and duration
of hospitalization [9]. Of note, an inverse correla-
tion with inflammatory markers has also been
demonstrated, confirming the strong association
between low-grade inflammation and endothelial
dysfunction, which might be predictive of future
development of atherosclerosis [10]. However, no
studies have assessed so far the association of
post-COVID-19 endothelial function with future
cardiovascular events.

Collectively, even post-COVID-19 patients pres-
ent with significant endothelial dysfunction com-
pared to healthy controls, highlighting the impor-
tance of the assessment of endothelial function
in hospitalized patients, since it might predict
adverse complications of SARS-CoV-2 infection.
Long-term implications of this generalized endo-
thelial dysfunction among post-COVID-19 sub-
jects, however, remain unknown. Further, long-
term observational studies will shed further light
on this important and interesting research ques-
tion.
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