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Introduction. The relationship between several adipokines and COVID-19 severity
has lately been evaluated, results being inconclusive. Therefore, we aimed to assess
the association between adipokines in COVID-19 and its severity.

Methods. A search was performed in PubMed, Scopus, and Embase using predefined
keywords. The Newecastle of Ottawa Scale (NOS) was used for the quality assessment
of included studies. The main summary outcome was the mean difference (MD) in
adipokine levels.

Results. A total of § studies involving 473 individuals were included. A significant MD
in serum adiponectin levels was demonstrated in mild vs. severe COVID-19 patients
(-5.734 [95% CI -11.215 — -0.252]), with no significant MD in mild vs. moderate
(-7.117 [95% CI -19.546 — 5.313]), or moderate vs. severe COVID-19 (-1.846 [95%
CI-4.516—0.824]). Moreover, no significant MD was found in adiponectin and leptin
levels when comparing COVID-19 patients vs. controls (-12.675 [95% CI -36.159 —
10.808]) and (8.034 [95% CI -10.403 — 26.471]), respectively.

Conclusion. Adiponectin levels were significantly increased in patients with severe
compared to mild COVID-19. However, no significant MD was found in adiponectin
levels in mild vs. moderate and moderate vs. severe COVID-19 patients, nor in
adiponectin and leptin levels in COVID-19 patients vs. controls.
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Introduction

Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infected
over 200,000,000 people and caused
death in over 4.3 million cases [1], leading
to a serious challenge for intensive
care facilities worldwide. The typical
clinical picture of the associated disease,
coronavirus disease 2019 (COVID-19),
includes fever, cough, dyspnea, malaise,
and fatigue [2,3]. Symptoms of mild
disease usually resolve in day 10-12 after
onset. However, in severe cases, infected
patients progress to acute respiratory
distress syndrome (ARDS) and usually
require ventilation support [4-7].

Medical research strongly
suggests that obesity is an independent

risk factor for severe COVID-19, by
increasing the risk of hospital admission,
severe lung inflammation, admission
in the intensive care unit (ICU), and
mortality [8]. Several mechanisms like
chronic hyperinflammatory state or
adipose tissue acting as a viral reservoir
could possibly elucidate the association
between increased severity of COVID-19
patients and obesity [9-11].

Adipose tissue can exert autocrine,
paracrine, and endocrine functions
through producing peptides known as
adipokines. These adipokines include
adiponectin, leptin, visfatin, and adipsin
[9]. Adiponectin plays several protective
roles promoting insulin sensitivity and
anti-atherogenic effects. Low serum
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adiponectin levels were associated with diabetes, obesity,
metabolic syndrome, and inflammation [8]. Terminally
ill COVID-19 patients admitted to the ICU with reduced
adiponectin levels, also known as hypoadiponectinemia,
were found to be associated with a worse prognosis [9,10].

Moreover, leptin was shown to promote inflammation
by stimulating the proliferation of immune cells such as
natural killer and helper T cells, leading to an increased
release of tumor necrosis factor (TNF), interleukin-6 (IL-
6), and interleukin-12 [12]. Since adipose tissue is an
essential source of IL-6 secretion, which is increased in
obese patients, a self-regulation inflammation loop is
created, leading to a chronic hyperinflammatory state by
stimulating immune cells like macrophages, T cells, and
B cells. In this proinflammatory status, a cytokine storm,
characterized by inappropriate and excessive release of
cytokines, could be triggered by a viral infection. Leptin is
secreted proportionally to the adipose tissue mass, possibly
explaining the higher incidence of inflammatory cytokine
storm in obese patients with severe forms of COVID-19
[13]. The consequences of a cytokine storm might lead to
vascular hyperpermeability and multiorgan failure, as seen
in a severe COVID-19 course [9].

Although several studies evaluated the relationship
between adipokines and COVID-19, current evidence
remains inconclusive with conflicting results, limiting our
understanding of the role of adipokines in COVID-19 and
its severity. Therefore, we conducted, to the best of our
knowledge, the first systemic review and meta-analysis
evaluating the association between adipokines including
adiponectin and leptin, with COVID-19 and disease severity.

Methods

This systematic review and meta-analysis was
written according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA)
checklist 2020 [14].

Data sources and search strategy

We searched for articles assessing adipokines
levels in COVID-19 and the severity of the disease. A
predefined search string was used to identify the current
literature published in PubMed, Embase and Scopus. We
used the following search strategy for Pubmed: ((“COVID-
19”[Mesh]) OR (“COVID-197[All Fields])) AND
((“Adipokines”’[Mesh]) OR (“Adipokines”[All Fields])
OR (“Leptin”[Mesh]) OR (“Leptin”[All Fields]) OR
(“Adiponectin”’[Mesh]) OR (“Adiponectin”[All Fields])
OR (“Resistin”’[Mesh]) OR (“Resistin”’[All Fields])
OR  (“Nicotinamide  Phosphoribosyltransferase”’[Me
sh]) OR (“Nicotinamide Phosphoribosyltransferase”[All
Fields]) OR (“Apelin”[Mesh]) OR (“Apelin”[All Fields])
OR (“SERPINAI12 protein, human” [Supplementary
Concept]) OR (“Vaspin”) OR (“ITLN1 protein, human”
[Supplementary Concept]) OR (“omentin”)) and similar
for Embase and Scopus, identifying original evidence
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published from inception till 23 August 2021. No search
filters or restrictions to duration, country, or language were
applied. We performed a manual search by sweeping the
references of included articles for possible missing relevant
publications.

Subsequently, titles and abstracts of the relevant
studies were evaluated for eligibility. Eligible studies were
further evaluated by reviewing the full text assessing for
the inclusion and exclusion criteria. Two authors (L.B.
and A.ll) evaluated studies for eligibility and extracted
the data from the final included studies separately, while
discrepancies between the two authors were settled
by discussion. Extracted data included author names,
publication year, country, study design, as well as study
characteristics including total subjects, mean age, gender,
COVID-19 diagnosis, COVID-19 percentage, adiponectin
and leptin levels in serum, adiponectin/leptin ratio, in
addition to the main study findings that were entered into
tables, while final data were collected and presented in the
manuscript text.

Eligibility criteria

Inclusion criteria of original articles were as follows:
(1) studies with full-text articles of an observational cohort,
cross-sectional, or case-control designs that assessed
adipokine levels including adiponectin, leptin, resistin and
adipsin; (2) diagnosis of COVID-19 according to each study
criteria; (3) serum and plasma adipokines measured using
enzyme-linked immunosorbent assay (ELISA) or Magnetic
Luminex assay; (4) human studies only; and (5) studies
published in English, German, French, or Romanian.

Exclusion criteria were as follows: (1) abstracts
published without a full-text article, literature reviews,
systemic reviews, meta-analyses, editorials, letters to
the editor, conference abstracts, case reports, practice
guidelines and commentaries; and (2) experimental studies.

Risk of bias assessment in individual studies

We used the Newcastle-Ottawa Scale (NOS) quality
assessment tool to evaluate the included studies [15]. We
applied two tools for cross-sectional and cohort studies. In
order to assess the quality of the included studies, a “star
system” was used. The stars were obtained by evaluating
the comparability, study selection, and outcome of interest.
The NOS uses a scoring system ranged from 0 to 9 stars.
Studies ranked with a score from 0-2 were considered of
poor quality, while a score greater than 7 was considered
of high quality. The bias assessment was evaluated by two
authors (L.B. and N.A.) independently, while in case of
disagreement, a consensus was achieved through discussion.

Summary measures and synthesis of results

The mean difference (MD) of adipokine levels,
including adiponectin and leptin was the principal summary
outcome. The analyzed data of the systematic review
and meta-analysis were performed using R with Metafor
package (OpenMeta [Analyst]) [16,17]. We used y2 based
Q-test and I? to evaluate between-study heterogeneity. In
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studies that reported medians and interquartile ranges, we
calculated the mean and standard deviation (SD), as well
as combined groups when necessary. Furthermore, we used
the random-effects model and MD for the analysis of the
estimated total effect size. According to the extracted data
present in the included studies, we conducted subgroup
analyses including adipokine levels according to COVID-19
severity, in addition to COVID-19 patients vs. controls.
Statistical significance was considered as a p value < 0.05.
The data from each study were described as the estimated
MD with 95% CIL.

Results

General results

The primary search yielded 220 articles (PubMed
= 68 articles, Embase = 149 articles, Scopus Library =
3 articles) as illustrated in figure 1. A total of 60 studies
were detected as duplicates and withdrawn. Subsequently,
we retained 182 articles that were evaluated according

to the inclusion and exclusion criteria by the screening
of titles and abstracts for eligibility. Screening identified
the following results: (1) letters/editorials (n = 20), (2)
conference abstracts (n = 8), (3) studies conducted on
animals (n = 8), (4) reviews (n =49), (5) irrelevant studies
(n=64), (6) case report (n = 1). A total of 10 articles were
sought for retrieval, out of which 1 full-text article was
not retrieved (the authors were contacted by email, but
no feedback was received), while the other was excluded
as it evaluated adipokine receptor expression rather than
adipokine serum or plasma levels [18]. Moreover, in order
to perform a comprehensive meta-analysis including the
data from currently published literature, authors of studies
assessing adipokines in COVID-19 patients but who did
not report their levels were contacted by email. However,
we did not receive the requested values from contacted
authors. The total number of articles included in our
qualitative synthesis was 8, while 5 were included in our
quantitative analysis [4,11,19-24].

- . Records removed before
Records identified from: screening
= =
% PubMed (n = 88) Duplicate records removed
E EMBASE (= 140)
=
= Scopus (= 3) Records excluded (n = 150):
- Irelevant arficles (n = 64)
l - Reviews (1 = 49)
- Letters, editorials, notes,
R d d y
s | 5| commentaries (n =20}
=160
i ) - Experimental studias (= 8)
Reports souqght for retrieval Repaorts not retrieved
= (=10} N n=1
=
o
: }
w
Reports assessed for eligibility
(n=9 —*| Reports excluded:
- ewvaluating adipoking receptor
expression (n=1)
Studies included in systematic
o review (1 = 8)
3
= Reports of included mela-analysis
- (n=23)

Figure 1. PRISMA flow diagram 2020 outlining the identification, screening, and inclusion phases of our syst.
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Study characteristics

A summary of the main characteristics of included
studies is shown in table I. This systematic review and meta-
analysis included a total number of 473 individuals. Seven
out of eight studies reported sex distribution involving a total
of 434 subjects, where females counted for 155 participants
(35.71%), and males were 279 participants (64.28%).

Table I. Studies evaluating adipokines in COVID-19.

First Author
/ Year /
Country

Study Design

Study Characteristics

However, one study did not report the gender distribution
[24]. Moreover, a total of 322 COVID-19 patients (68.08%)
were included.

All included studies were of observational study
design. Four studies were undertaken in Europe (Italy — n
=2, France — n = 1, Netherlands — n = 1), one study in Asia
(China — n = 1), and three studies in the USA (n = 3).

Main Findings

COVID-19: 31 (79.49%)
Mean age (years): -

Van der Voort Cross- COVID-19 diagnosis: -
Petal/2020/ sectional Gender (males): -
Netherlands study BMI: 31 (24.8-48.4)

Adipokines: Leptin

COVID-19: 31 (72.09%)

COVID-19 diagnosis: RT-PCR
Wang J. et al. Observational ¢

/2021/ China study *  BMI: Healthy donor: 23.8 +2.9; COVID-19 patients: 24.1 + 2.8; Mild: 23.69 + 2.7,
Severe: 253 £2.6
¢ Adipokines: Leptin
¢ Adipokines measurement method: ELISA
Serum Leptin levels (ng/mL): -
¢ Total Subjects: 85 (COVID-19 —49; Controls — 13; longitudinal cohort 23)
e COVID-19: 49 (57.65%)
e Mean age (years): COVID-19 ICU: 62 Non-ICU: 69; Controls 48;
. e COVID-19 diagnosis: PCR

Me’g’j{' hib scg:rt(i);sl;il e Gender (males): 38
. . i 2. _ o o g o 5 _ .

/2021/USA  cohort study (43)BMI. Obesity BMI >30 kg/m* Non-ICU: 4 (44); ICU-transfer: 4 (57); ICU-admit: 3
¢ Adipokines: Resistin, Adiponectin,

Serum Restistin levels (ug/mL): -

+ Total Subjects: 29 (COVID-19 — 12; Controls — 17)

«  COVID-19: 12 (41.38%)

*  Mean age (years): COVID-19: 61.3; non-COVID-19: 61.4
COVID-19 diagnosis: RealTime SARS- CoV- 2 assay (Abbott Molecular Inc.; Des

Plaines, IL)
*  Gender (males): 18 (62.07%)

*  BMI: Healthy controls: 23.8 £2.9; COVID-19: 24.1 £2.8

Kearns S. et al. Observational *
72021/ USA study .

Adipokines: Adiponectin, adipsin, resistin

1 kit (Millipore Sigma; Burlington, Massachusetts)

Total Subjects: 39 (COVID-19 — 31; Controls — 8)

Adipokines measurement method: ELISA
Serum Leptin levels (ng/mL): COVID-19 21.2 (6.0; 85.2); Controls 5.6 (2.4; 8.2

Mean age (years): COVID-19: 52.3 + 17.9; Controls: 48 + 15.7

Gender (males): COVID-19 20; Controls: 6

Adipokines measurement method: ELISA

The mean leptin level was 21.2
(6.0-85.2) vs 5.6 (2.4-8.2) ug/L
for SARS-CoV-2 and controls
respectively (p 14 0.0007)
Leptin levels did differ between
COVID-19 pat and the control
group significantly. Leptin levels.
SARS-CoV-2 patients with a
similar BMI to control patients
had higher levels of serum leptin.

Total Subjects: 43 (mild:21; Severe:10; Controls: 12)

The study found that leptin levels
were significantly increased in
both mild and severe COVID-19
patients compared with those in
healthy controls. Furthermore,
these leptin levels in severe
patients were significantly higher
than those in mild patients

Among patients initially admitted
to non-ICU units (non-ICU,
ICU-Transfer), those with day 1
RETN levels above the median
value were much more likely
to later require ICU transfer.
Moreover, patients with day 1
RETN levels above the median
were significantly less likely to
survive.

COVID-19 respiratory failure
was associated with significantly
reduced adiponectin  levels.
Alternatively, it could suggest
that patients with low adiponectin
levels are more prone to develop
COVID-19 respiratory failure.
Conversely, adiponectin levels

Adipokines measurement method: Milliplex Human Adipokine Magnetic Bead Panel were significantly lower in the

COVID-19 cohort over the 72 hr

*  Plasma Adiponectin levels (geometric mean ratio): 0: 2,87(2,58); 24: 0,09(0,75); 72: of evaluation (p = 0.003), as well

4,41(3,73)

* Plasma Adipsin levels (geometric mean ratio): 0: 1,08(1,81); 24: 0,84(1,44); 72:

1,15(1,82)

* Plasma Resistin levels (geometric mean ratio): 0:1,94(1,84); 24: 1,05(0,98); 72:

0,81(0,76)
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Hour 0 (p = 0.031) and Hour 72
(p = 0.004). Adiponectin levels
remained significantly lower in
those with COVID-19
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Table 1. Studies evaluating adipokines in COVID-19 (continuation).

First Author
/ Year / Study Design Study Characteristics Main Findings
ountrv

e Total Subjects: 63 (COVID-19 —27; Controls — 36) . .
* COVID-19:27 (57,14%) SI(I)I}II(L‘D -lglasglé:lezz)sncgrllig;}cﬁg
¢ Median age IQR (years): non-COVID-19: 67.5 (63-76.5); COVID-19: 64 (57-71) £ lenti p d adi G
= COVID-19 diagnosis: RT-PCR o CPUT And adporerTil e
Prospective > o compared to nonCOVID-19
Blot M. etal. observational Gender (males): 46 (73.02%) patients.  Adiponectin  levels
: C ¢ BMI: Non-COVID-19: 27 (25-33); COVID-19: 31 (27-34) o :
/2021/ France single-center P . ; S . : : were inversely correlated with
e Adipokines: Adiponectin, Leptin; Adiponectin/Leptin Ratio .
study Adipoki . . . BMI. Plasma concentrations
. ipokines measurement method: Magnetic Luminex assay of leptin and Adiponectin were
e Plasma Leptin levels (ng/mL): COVID-19 15,0 + 19,1; Controls 18,5 + 27,5 ot sienificantly correlated with
+  Plasma Adiponectin levels (ng/mL): COVID-19 4090 + 2745; Controls 5338 + 4024 basehr‘fe ovori g
¢ Plasma Adiponectin/Leptin Ratio levels: COVID-19 1.2 42 .9; Controls 1.5 +2.1 ’
e Total Subjects: 53 (COVID-19 — 53)
e COVID-19: 53 (100%); mild — 20; moderate — 16; severe — 17
e Median age (years): 58
* COVID-19 diagnosis: - No significant correlation was
e Gender (males): 37 (70%) K . .
Caterino M e BMI: - ound betweeq _ Adiponectin
P lues at addmision and after
etal./2021/ Cohortstudy e Adipokines: va . .
Ital, e Adipokines measurement method: ELISA 74 Qays m COYID—19 patients,
Y P divided according to mild
Serum Adiponectin Levels (ng/mL): S i
P e derate, and severe cases.
TO mild COVID-19 17.2 + 3.14; moderate COVID-19 19.3 + 4.92; severe COVID-19 21.4 mo i
+2.67
T1: mild COVID-19 15.6 + 1.38; moderate COVID-19 19.0 £ 0.57; severe COVID-19 19.8
+2.57
e Total Subjects: 60 (COVID-19 -60) mild -11; moderate
e COVID-19: 60 (100%) mild - 11; moderate - 25; severe - 24
e Mean age (years): 59.3; mild —46.3 (34.2; 51.3) moderate — 59.5 (52.1; 67.5); severe
-62.7(57.7,70.3)
e COVID-19 diagnosis: -
e Gender (males): 41 (68,33%)
e BMI: 27 (25.0-30.5) Adiponectin and leptin levels did
Prospective e Adipokines: Leptin; Adiponectin; Adpn/Lep ratio not differ across severity groups,
Filippo L et al. observational Adipokines measurement method: ELISA but patients with moderate
/2021/ Italy stud e Serum Adiponectin levels (ng/mL): severity had the highest Adpn/
4 Mild -COVID-19 4.1(2.7; 14.7); moderate -COVID-19 24.3(3.4; 39.2); severe- COVID-19 Lep ratio. Leptin significantly
20.8(3.5;29.7) correlated with BML.
e Serum Leptin levels (ng/mL):
Mild -COVID-19 6.7 (3.8; 7.9) moderate -COVID-19 5.2 (1.3;10.2); severe-COVID-19 5.6
(2.9;13.3)
e Serum Adiponectin/Leptin Ratio:
Mild -COVID-19 1.2 (0.5; 2.0); mild -COVID-19 5.0(1.6; 11.2); severe -Covid-19 2.1
(1.0;1.6)
e Total Subjects: 101 (COVID-19 - 59; Controls — 42)
e COVID-19: 59 (58,42%) C-A- n=23; C-A+ n=19; C+A+ n=59
e  Mean age (years): 59
e COVID-19 diagnosis: RT-PCR
e Gender (male): 73 Adiponectin was found to be
BMI: Obesity: Overall: 1,067 (24%); Non-ARDS patients: 772 (23%); ARDS patients: decreased by 50-60% in the
295 (28%) serum of patients suffering from
e Adipokines: Adiponectin; Resistin; Leptin; Adipsin; PAI-1Adipokine; Adiponectin/  severe COVID-19, compared
Reiterer M. leptin Ratio to ICU controls with or without
etal *  Retrospective ¢ Adipokines measurement method: ELISA ARD. The adiponectin-leptin
72021/ iJS 4 Cohort study e Plasma panel Adiponectin levels (pg/mL): ratio, was severely depressed in
Adiponectin C-A- 42,554,215 (23,948,160; 65,120,377); C-A+ 48,762,329 (28,519,584;  COVID-19 patients by 10- 34
75,307,999); C+A+19,876,250 (11,564,496; 33,947,040) fold compared to ARDS+ and
e Plasma panel Leptin levels (pg/mL): 6-fold compared to ARDS-
Leptin C-A- 1,921 (430; 4,443); C-A+ 732 (489; 2,339); C+A+ 3,226 (1,186; 8,931) control patients. Resistin did not
e Plasma panel Resistin levels (pg/mL): differ between the three groups.

C-A- 76,852 (42,781; 198,669); C-A+ 160,149 (103,462; 214,909); C+A+56,684 (37,270;
0.073,109,979)

e Plasma panel Adiponectin/leptin Ratio levels:

C-A-41,070 (31,77;58,728); C-A+ 45,221 (20,483;67,740); C+A+ 61,900 (41,035; 99,918)

Adpn/Lep ratio — Adiponectin leptin ratio; C+A+ COVID-19 patient with ARDS; C-A- control patient without ARDS; C-A+ Control patient
with ARDS; COVID-19 — Coronavirus disease of 2019;
TO — At admission; T1 — After 7 days from admission; 0- at admission; 24- after 24 hours; 72- after 72 hours.
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Adiponectin levels according to COVID-19
disease severity

Adiponectin levels have been evaluated according
to COVID-19 disease severity in several studies. Figure 2
summarizes the obtained meta-analysis results regarding
adiponectin levels in mild vs. moderate, mild vs. severe,
and moderate vs. severe COVID-19.

Adiponectin: Mild vs. moderate COVID-19

Serum adiponectin levels were evaluated in a total
of two studies comparing COVID-19 patients with a mild
vs. moderate course of the disease [11,20]. The pooled
analysis of included studies assessing serum adiponectin
levels in mild vs. moderate COVID-19 showed an overall
MD of -7.117 (95% CI -19.546 — 5.313). Substantial
heterogeneity was reported with an I = 74.62% and a
p-value of 0.047.

Adiponectin: Mild vs. severe COVID-19

Serum adiponectin levels were evaluated in a
total of two studies comparing COVID-19 patients with
a mild vs. severe course of the disease [11,19,20]. The
pooled analysis of included studies found that the mean
adiponectin levels were higher in severe compared to mild
cases, (MD mild — severe = -5.734 [95% CI -11.215 —
-0.252]). Moderate heterogeneity was reported with an I?
=42.1% and a p-value of 0.189.

Adiponectin: Moderate vs. severe COVID-19

Serum adiponectin levels were evaluated in a
total of two studies comparing COVID-19 patients with
a moderate vs. severe course of the disease [11,19,20].
The pooled analysis of the studies found that the mean
adiponectin levels were higher in severe compared to
moderate cases, (MD moderate — severe = -1.846 [95%
CI -4.516 — 0.824]). Non-significant heterogeneity was
reported with an I = 0% and p-value of 0.356.

Studies Estimate (95% C.TI.)

Caterino 2021 -2.100 (-4.876, 0.676)
Filippo 2021 -15.133 (-27.699, -2.568)
Overall (1"2=74.62 % , P=0.047) -7.117 (-19.546, 5.313)

30 -25 -20 -15 -10 -5 0 5
Adiponectin: Mild vs. Moderate COVID-19
Studies Estimate (95% C.I.)
Caterino 2021 -4.200 (-6.072, -2.328) ——
Filippo 2021 -10.833 (-20.548, -1.119) - :
Overall (1*2=42.1 % , P=0.189) -5.734 (-11.215, -0.252) —_—
T T T T . T 1
-25 -20 -15 -10 -5 o
Adiponectin: Mild vs. Severe COVID-19
Studies Estimate (95% C.I.)
Caterino 2021 -2.100 (-4.824, 0.624) +—
Filippo 2021 4.300 (—9.112, 17.712) : -
Overall (1"2=0 % , P=0.359) -1.846 (-4.516, 0.824) —
T - T T T 1
-10 -5 10 15 20

0 5
Adiponectin: Moderate vs. Severe COVID-19

Figure 2. Serum adiponectin levels according to COVID-19 disease severity.
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Studies Estimate (95% C.I.)

Reiterer 2021
Blot 2020

-25.238 (-35.605, -14.871)
-1.248 (-2.921, 0.425)

Overall (1"2=95.01 % , P< 0.001) -12.675 (-36.159, 10.808)

-20 -10 0 10 20
Adiponectin: COVID-19 vs. Controls

Figure 3. Serum adiponectin levels in COVID-19 patients vs. controls.

Studies Estimate (95% C.I.)
Van der Vaart 2020 32.067 (10.103, 54.030)
Blot 2020 -3.500 (-15.015, 8.015)
Reiterer 2021 2.671 (1.700, 3.642)

Overall (1"2=89.03 % , P=0.018) 8.034 (-10.403, 26.471)

T T T 1
20 40 60
Leptin: COVID-18 vs. Controls

Figure 4. Serum leptin levels in COVID-19 patients vs. controls.

Adiponectin COVID-19 vs. Controls

Serum adiponectin levels were evaluated in a total
of two studies comparing COVID-19 patients vs. controls,
as outlined in figure 3 [19,21]. The pooled analysis found
that the mean adiponectin levels were higher in controls
compared to COVID-19 cases, (MD controls - COVID-19
=-12.675 [95% CI -36.159 — 10.808]). Considerable
heterogeneity was reported with an I = 95.01% and
p-value of 0.001.

Leptin COVID-19 vs. Controls

Serum leptin levels were evaluated in a total of
3 studies comparing COVID-19 patients vs. controls, as
presented in figure 4 [4,19,21]. The pooled analysis found
that the mean leptin levels were higher in COVID-19 cases
compared to controls, (MD COVID-19 - controls =8.034
[95% CI -10.403 — 26.471]). Considerable heterogeneity
was reported with an I = 89.03% and p-value of 0.018.

Quality assessment

The NOS was used to evaluate the methodological
quality of the included eligible studies, as rendered in
Supplementary Tables I and II. The NOS for cross-
sectional studies was used in a total of 7 studies
[4,11,19,21-24], while the NOS for cohort studies was
used in 1 study [20,22]. We found several issues regarding
the presence of bias in the evaluated studies. Overall, 6
studies received a score greater than 7 and a rating of
“good quality” [4,11,21,22,24,25]. In total, all evaluated

126

studies had a clearly formulated research question and
objective. All studies used clearly defined measures of
exposure that are considered reliable and valid besides
1 cohort study [20] and 2 cross-sectional studies [4,11].
All studies assessed the ascertainment of exposure in a
satisfactory fashion [4,11,19-24].

Discussion

Since the SARS-CoV-2 outbreak in 2019,
humanity is trying to minimize its impact on the
healthcare systems worldwide [25]. In this review, we
attempted to evaluate one of the possible mechanisms of
the disease. As several studies demonstrated that obesity
could be associated with a worse COVID-19 prognosis
and disease severity, the association between several
adipokines and COVID-19 has also been assessed lately
[19,24,26]. A better understanding of such mechanisms
and pathways can help us develop noninvasive markers to
predict disease severity and prognosis, as well as identify
potential targeted therapeutic strategies. Therefore, we
conducted the first systematic review and meta-analysis,
to the best of our knowledge, evaluating the effects of
several adipokines such as adiponectin, leptin, resistin,
and adipsin in COVID-19. Sufficient studies were found
to perform a quantitative assessment for adiponectin
(COVID-19 vs. controls and disease severity) and leptin
(COVID-19 vs. controls). We have showed that patients
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with severe COVID-19 present significantly higher
adiponectin levels compared with mild COVID-19.
However, no significant mean differences were found in
adiponectin levels between mild vs. moderate COVID-19
patients, COVID-19 patients vs. controls, and leptin levels
in COVID-19 patients vs. controls.

In this review, we included 8 observational studies
in our qualitative synthesis, out of which 5 were included
in our quantitative synthesis, with a total population of 473
participants. Similar gender distribution was found among
our included studies, possibly due to gender matching of
subjects in several included studies. COVID-19 patients
were almost 68% of the studied population. This can
be explained by the fact that several studies included
only COVID-19 patients and assessed adipokine levels
according to disease severity without involving a control
group or including a small control group. Studies were
conducted in several continents, including Asia, Europe,
and the Americas. However, some races and ethnicities
have not been studied yet, limiting the generalizability
of our results. This can be attributed to differences in
adipokine levels that were reported according to race and
ethnicity [27]. Future studies involving different racial
and ethnic groups are necessary in order to confirm our
obtained results.

Despite the current literature including several
assessed adipokines in COVID-19 patients, including
adiponectin, leptin, resistin, and adipsin, due to limited
available data, we were unable to evaluate all of the
mentioned adipokines in our quantitative synthesis. We
found sufficient data to perform a quantitative analysis only
in adiponectin and leptin. Moreover, subgroup analysis
evaluating adipokine levels according to COVID-19
severity was only possible for adiponectin. However, due
to the limited number of published studies, we were able
to assess only two or three studies for each association.
Thus, we recommend further studies evaluating more
adipokines in COVID-19 patients vs. controls, as well as
in COVID-19 severity.

Several adipokines have been demonstrated to be
associated with obesity [28]. Nevertheless, we were not
able to conduct a subgroup analysis, evaluating adipokine
levels in COVID-19 patients according to BMI, due to
the very limited published data. Blot et al. showed that
while there was no statistically significant difference
between patients with severe COVID-19 pneumonia and
immunocompetent patients with severe pneumonia who
were not infected with COVID-19, plasma concentrations
of leptin and adiponectin were, respectively, positively and
negatively correlated with BMI and glucose metabolism
[19]. Leptin levels were significantly associated with
BMI in COVID-19 subjects, according to Filippo et al.,
but there was no apparent disparity related to obesity
between COVID-19 patients with mild, moderate, and
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severe disease [11]. This was also noted by Meizlish et al.,
who found no significant difference in obesity between
ICU and non-ICU COVID-19 patients [22]. Furthermore,
Kearns et al. observed that the BMI of severe COVID-19
patients was significantly higher than that of the total
COVID-19 group, even though there was no statistically
significant difference between the total COVID-19 group
and the mild COVID-19 group [24]. However, Reiterer
et al. showed that obesity was linked to a higher risk
of developing ARDS [21]. According to Wang et al.,
there was no discernible difference in BMI between the
COVID-19 total group and the mild COVID-19 group,
while the severe COVID-19 group had a considerably
higher BMI [23]. Intriguingly, Van der Voort et al. found
that SARS-CoV-2 patients had greater serum leptin
levels than control patients while having similar BMIs
[4]. In a recently conducted study by Flikweert et al.,
visfatin levels were higher in COVID-19 critical patients
compared to mild, severe, and non-COVID-19 ICU
patients [29]. Moreover, adiponectin levels were reduced,
but resistin levels were increased in critical and severe
patients compared with patients who did not need to be
hospitalized.

The current literature describes the alleged
correlation between a hyperinflammatory state and
the severe course of a COVID-19 infection in obese
patients [4]. Adipose tissue, especially visceral fat, is
known to be a pro-inflammatory factor by influencing
the angiotensin 2 system [30], while secreting adipokines
such as adiponectin and leptin [4,31,32]. In a mechanistic
sense, the SARS-CoV-2 virus causes inflammation,
potentially through signaling from molecules associated
with cellular damage and an excessive release of immune
signaling molecules known as cytokines, resulting
in insulin resistance and a phenomenon called the
adiponectin paradox [33]. This paradox links metabolic
dysfunction to chronic diseases. Therefore, inhibiting the
inflammatory signaling associated with adiponectin may
be beneficial in preventing the adiponectin paradox. A
more comprehensive understanding of this process could
lead to the development of new therapies for both SARS-
CoV-2 and its associated chronic disorders.

Leptin plays a role in angiogenesis, hematopoiesis,
adaptive and innate immunity [4,31], it also influences
gastric motility [34], the olfactory epithelium [35] and
hunger sensation [23]. All these systems seem to be
affected in severe COVID-19 infections [4]. In our meta-
analysis, we could not support this allegation, as we
did not find a significant relation between leptin levels
in COVID-19 patients versus control groups. However,
these results are to be considered with caution due to the
limited number of published studies that were included in
our meta-analysis. We were not able to perform subgroup
analysis assessing leptin levels according to COVID-19
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severity. Further research is needed to evaluate this
potential association.

Adiponectin, on the other hand, seems to be
an anti-inflammatory and insulin-sensitizing peptide
hormone, which is reduced in obese patients [11,36] and
could explain the hyperinflammatory state in overweight
patients with COVID-19. However, interestingly, we
found a significant increase in adiponectin levels in
severe COVID-19 patients, compared to the mild form of
the disease. However, we did not find a significant mean
difference in adiponectin levels in mild vs. moderate,
moderate vs. severe COVID-19 forms, or COVID-19 vs.
control subjects.

As the COVID-19 pandemic continues, various
variants of the SARS-CoV-2 have emerged worldwide.
Among these variants, Alpha (B.1.1.7), Beta (B.1.351),
Gamma (P.1), and Delta (B.1.617.2) have gained
widespread attention due to their potential to increase
the transmissibility of the virus, severity of infection, and
ability to evade vaccine-generated antibodies. Studies
have shown that the Beta variant is associated with a 2.16
(95% CI: 1.19-3.14) times higher risk of hospitalization,
2.23 (95% CI: 1.31-3.15) times higher risk of severe
illness, and a 1.50 (95% CI: 1.26-1.74) times higher
risk of mortality compared to the wild-type virus [37].
Similarly, the Delta variant is associated with a 2.08 (95%
CI: 1.77-2.39) times higher risk of hospitalization, 3.35
(95% CI: 2.5-4.2) times higher risk of severe illness, and
a2.33 (95% CI: 1.45-3.21) times higher risk of mortality
compared to the wild-type virus [37].

Several risk factors for COVID-19 infection have
been studied. Data from the National Vital Statistics
System indicate that age is the primary risk factor for severe
outcomes related to COVID-19, with the risk of severe
outcomes increasing with age. The COVID-19 pandemic
has also highlighted disparities in COVID-19 illnesses,
hospitalizations, and deaths based on race, ethnicity,
and socioeconomic status. A study by Palaiodimos et al.
including 200 hospitalized patients with COVID-19 found
that a minority-predominant population, severe obesity,
older age, and male sex were independently associated
with higher in-hospital mortality and generally worse in-
hospital outcomes [38]. In addition, the most significant
genetic risk factor for severe COVID-19 is located
on chromosome 3 and is inherited from Neanderthals
[39]. This risk-associated DNA segment influences the
expression of several chemokine receptors, including
CCRS, a co-receptor for HIV that is down-regulated in
carriers of the COVID-19 risk haplotype. Interestingly,
carriers of the risk variant have a lower risk of HIV
infection by approximately 27% [39].

Recent studies indicate that COVID-19 vaccines
may have both protective and therapeutic effects against
long COVID [40]. Meta-analytic results show that
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receiving at least one vaccine dose was associated with
a protective effect against long COVID [41]. Protection
against SARS-CoV-2 infection and symptomatic
COVID-19 decreased over time but remained high against
severe COVID-19 [42]. However, little is currently known
about the relationship between adipokines and humoral
immune responses after vaccination with SARS-CoV-2
vaccines. One study found that adipokines were associated
with antibody immune responses in individuals younger
than 60 years who received dual BNT162b2 vaccination
[43]. Interestingly, individuals who had previously been
infected with COVID-19 had higher levels of adiponectin
and leptin, which were correlated with higher levels of
IL-6 and IL-10 [43]. This may indicate polarization
towards Th2 responses, which boost humoral immune
responses and delay or prevent cellular immunity.

Our systematic review and meta-analysis has
multiple limitations that need to be mentioned. Our
qualitative and quantitative synthesis only includes a
small number of studies, due to the limited published data.
Small study numbers in some of the subgroup analyses in
our review suggest underpowered analyses and less robust
results, which should be taken into consideration. All
included studies in our review are of observational design.
Therefore, we cannot confirm or negate causality between
the evaluated adipokines and COVID-19. We reported
that several evaluated studies presented methodological
flaws. Some studies did not clearly report the evaluation
method used to confirm COVID-19 infection. If less
accurate methods of diagnosing SARS-Cov-2, like rapid
tests, then negative patients may be in fact positive, and
if the negative patients are in the control group, then a
directional classification bias would arise, diminishing
the observed differences. Rapid tests have, however, high
specificities, and thus their positive results are highly
likely to really have the disease. The studies that did not
select patients with negative results from the rapid tests
are improbable to be impacted by the diagnosis method.
Some studies did not correct for confounding factors,
and this means more residual confounding is likely to
be present in the results. Besides, there was reported
heterogeneity among studies results, and also with respect
to BMI, where adipose tissue may have a significant
impact on adipokine levels, taking into consideration that
obesity is a risk factor for COVID-19 and several patients
included in the evaluated studies were obese [44]. Another
problem is the timing. The moment when adipokines were
sampled might influence the results:if the adipokines have
a dynamic change during the COVID-19 progression; if
the samples were taken at different moments for different
subjects or groups in different studies, then this can modify
the results in any direction. Therefore, results have to be
interpreted with caution.

Nevertheless, our study has several important
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strengths. The importance of this study results from
the significant global impact of SARS-CoV-2 and the
urgency to find novel noninvasive techniques to predict
disease severity, establish therapeutic strategies, evaluate
prognosis, and monitor disease progression. Therefore,
we conducted this systemic review and meta-analysis
evaluating adipokine levels in COVID-19. We believe that
our review identifies several gaps in evidence that require
further assessment in future studies while summarizing
the current literature in a nonbiased manner. In addition,
we conducted the search strategy in a comprehensive
manner using several electronic databases, allowing
us to properly evaluate the studied topic. To the best of
our knowledge, we conducted the first systemic review
and meta-analysis evaluating the effects of adipokines in
COVID-19. In general, research indicates that adipokines
may be involved in pneumonia, including COVID-19
pneumonia. However, further investigation is needed to
fully comprehend their role in the disease and how they
could be used as targets for therapeutic interventions.

Conclusions and future directions

Serum adiponectin levels were found to be
significantly increased in severe COVID-19 patients
compared to milder forms of the disease. However,
no significant mean difference was found between
adiponectin levels in mild vs. moderate COVID-19
or moderate vs. severe COVID-19, as well as serum
adiponectin and leptin levels in COVID-19 vs. controls.
Nevertheless, obtained results should be interpreted with
caution due to the imperfect methodological quality of the
included studies.

Future studies with larger sample sizes, more
adipokines, and better methodological quality involving
different races and ethnic groups remain necessary. Such
associations, if found to be significant in future research,
could allow the use of potential adipokines in evaluating
the prognosis and severity of COVID-19 through a
noninvasive manner, as well as help in developing targeted
therapies for this disease.
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Supplementary Tables

Supplementary Table I. The Newcastle-Ottawa Scale (NOS) for assessing the quality of cohort studies.
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Supplementary Table II. The Newcastle-Ottawa Scale (NOS) for assessing the quality of cross-sectional studies.
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