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Abstract. — OBJECTIVE: This systematic re-
view and meta-analysis aimed to evaluate the
association between the prealbumin and severi-
ty and mortality in COVID-19.

MATERIALS AND METHODS: We performed
a systematic literature search from PubMed,
Embase, and Scopus databases up until 2 Feb-
ruary 2021. The primary outcome was the poor
outcome, a composite of mortality and severi-
ty. Severe COVID-19 was defined as COVID-19
that fulfill the criteria for severe pneumonia or
patients with acute respiratory distress syn-
drome/disease progression/need for intensive
care unit or mechanical ventilation. The effect
estimates were a mean difference between pa-
tients with and without a poor outcome in mg/
dL and odds ratio (OR) per 1 mg/dL decrease
in prealbumin level. The effect estimates were
reported with their 95% confidence interval
(95% CI).

RESULTS: Nine studies comprising of 2104
patients were included in this systematic review
and meta-analysis. Patients with poor outcome
have lower prealbumin level (mean difference
-71.48 mg/dL [95% CI -93.74, -49.22], p<0.001; I2:
85.9%). Every 1 mg/dL decrease in prealbumin
level was associated with 1% increase in poor
outcome (OR 0.992 [0.987, 0.997], p=0.004, I*:
81.7%). Meta-regression analysis showed that
the association between the prealbumin level
and poor outcome varies with gender (male) (co-
efficient: 3.50, R?: 100%, p<0.001), but not age,
diabetes, hypertension, and chronic kidney dis-
ease.

CONCLUSIONS: Low serum prealbumin was
associated with poor outcomes in patients with
COVID-19.
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Introduction

To date, the coronavirus disease 2019 (COVID-19)
pandemic caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has infected
more than 100 million people'. Without specific
treatments and medications to fight the virus, iden-
tifying risk factors for poor outcomes is essential.
Patients with older age and comorbidities have
a poorer prognosis**. Such vulnerable individuals
may experience a variety of serious and life-threat-
ening complications, including acute respiratory
distress syndrome (ARDS), sepsis, coagulopathy,
disseminated intravascular coagulation (DIC), mul-
tiorgan dysfunction, and death’.

Considering the growth of new COVID-19
cases, predicting the outcome of SARS-CoV-2
infection is essential in managing depleted
medical resources and providing better medical
care. A range of laboratory markers has been
used in predicting the prognosis of infected
patients, especially those indicating inflam-
matory parameters, such as C-reactive protein,
lactate dehydrogenase, interleukin, D-dimer,
prothrombin time, ferritin, and procalcitonin®’.
Serum prealbumin, also known as transthyre-
tin, was generally lower in patients with severe
clinical presentation®’. This systematic review
and meta-analysis aimed to evaluate the associ-
ation between the prealbumin and severity and
mortality in COVID-19.

Materials and Methods

This meta-analysis followed the Preferred Re-
porting Items for Systematic Reviews and Me-
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ta-Analyses (PRISMA) reporting guidelines and
is registered in PROSPERO (CRD42021234805).

Eligibility Criteria

We included studies that fulfill the following
criteria: (1) observational prospective and retro-
spective studies reporting COVID-19 patients, (2)
reporting prealbumin levels, (3) reporting mor-
tality/severity/ARDS/disease ~ progression/need
for intensive care unit or mechanical ventilation.

We excluded studies that fulfill one of the fol-
lowing criteria: (1) review articles, (2) preprints, (3)
non-research letters, (4) editorials/commentaries/
viewpoints, and (5) Non-English language articles.

Outcome

The primary outcome was the poor outcome,
a composite of mortality and severity. Severe
COVID-19 was defined as COVID-19 that fulfill
the criteria for severe pneumonia® or patients
with ARDS/disease progression/need for inten-
sive care unit or mechanical ventilation.

Search Strateqy and Study Selection

We performed a systematic literature search
from PubMed, Embase, and Scopus databases with
keywords “SARS-CoV-2” OR “2019-nCoV” OR
“COVID-19” AND “prealbumin” OR “pre-albumin”
up until 2 February 2021. The PubMed (MEDLINE)
search strategy was ((SARS-CoV-2) OR (2019-nCoV))
OR (COVID-19) AND ((prealbumin) OR (pre-albu-
min)). Two independent authors screened the titles
and abstract after the removal of duplicate records.
Potentially relevant articles were assessed for eligibility
using the inclusion and exclusion criteria.

Data Extraction

Two authors extracted the data from eligible
studies independently using the standardized ex-
traction form comprising of author, publication
year, study design, baseline characteristics such
as age, male (gender), hypertension, diabetes,
chronic kidney diseases, the primary outcome.

The main outcome was the poor outcome; the
effect estimates were a mean difference between
patients with and without poor outcomes in mg/dL
and odds ratio (OR) per 1 mg/dL decrease in pre-
albumin level. The effect estimates were reported
with their 95% confidence interval (95% CI).

Assessment of Methodology Criteria and
Risk of Bias

Risk of bias assessment was performed by two
independent authors using the Newcastle-Ottawa

Scale (NOS). Arising discrepancies were resolved
by discussion between the authors.

Statistical Analysis

STATA 16 (StataCorp LLC, Lakeway Drive
College Station, TX, USA) was used to perform
the meta-analysis. The pooled estimate of contin-
uous variables was reported as mean difference
(mg/dL). Both calculations for mean difference
and ORs were performed using the restrict-
ed-maximum likelihood (REML) random-effects
meta-analysis regardless of heterogeneity. p-val-
ues were considered as statistically significant if
below 0.05. Heterogeneity was assessed using the
I-squared (I?) and Cochrane Q test; in which I? of
>50% or p-value <0.10 indicates substantial het-
erogeneity. Egger’s test and funnel-plot analysis
were performed to assess publication bias.

Exploration of Heterogeneity

Meta-regression was performed to assess the
influence of covariates (baseline characteristics)
on the association between prealbumin and poor
outcome.

Results

Nine studies comprising of 2104 pa-
tients®*'""®we collected the demographics and
laboratory tests to predict whether the patient
would progress to severe cases in hospitaliza-
tion. Severe case was confirmed when one of the
following criteria occurred: (a were included in
this systematic review and meta-analysis [Figure
1]. The baseline characteristics of the included
studies and their risk of bias based on NOS are
displayed in in Table I.

Prealbumin and Poor Outcome

Patients with poor outcome have lower preal-
bumin level (mean difference -71.48 mg/dL [95%
CI -93.74, -49.22], p<0.001; 1% 85.9%, p<0.001)
[Figure 2]. Every 1 mg/dL decrease in prealbu-
min level was associated with 1% increase in
poor outcome (OR 0.992 [0.987, 0.997], p=0.004,
I%: 81.7%, p=0.009) [Figure 3].

Meta-Regression

Meta-regression analysis showed that the as-
sociation between the prealbumin level and poor
outcome varies with gender (male) (coefficient:
3.50, R% 100%, p<0.001), but not age (coeffi-
cient: -2.48, R% 29.1%, p=0.090), diabetes (co-
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Figure 1. PRISMA flowchart.

efficient: -1.91, R% 0%, p=0.434), hypertension
(coefficient: -0.95, R2: 0%, p=0.357), and chron-
ic kidney disease (coefficient: -7.79, R* 10.9%,
p=0.333).

Publication Bias

There is no indication of small-study effects
(p=0.233), but the funnel-plot was asymmetrical
[Figure 4].

Table I. Baseline characteristics of the included studies.
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Discussion

This pooled analysis indicates that serum
prealbumin was lower in patients with poor
outcomes, and every 1 mg/dL decrease in preal-
bumin was associated with 1% increase in poor
outcomes.

Meta-regression analysis indicates that the
association between prealbumin and poor out-

Age Male Hypertension Diabetes CKD
First Author Design Sample (years) (%) (%) (%) (%) Outcome NOS
Chen Z 2020 Retrospective 635 61 50 37.6 22.8 3.1 Severity 8
Duan J 2020 Retrospective 348 44.8 53 49 7.5 0.2 Severity 7
JiM 2020 Retrospective 101 51 48 20 13 4 Severity 6
LiL 2020 Retrospective 72 459 NR NR NR NR  Severity 5
Li T 2020 Retrospective 80 62 47.5 36.3 16.3 NR  Mortality 7
Ouyang S 2020  Retrospective 107 57.5 59.8 NR NR NR  Mortality 5
Wu C 2020 Retrospective 201 51 63.7 194 10.9 1 Severity 8
Xue G 2020 Retrospective 114 62 56.1 325 14.0 NR  Severity 8
Zuo P 2020 Retrospective 446 73 524 56.3 244 3 Mortality 7

CKD: Chronic Kidney Disease, ICU: Intensive Care Unit, NOS: Newcastle-Ottawa Scale, NR: Not Reported.
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Prealbumin Level
Poor Outcome No Poor Outcome Mean Diff. (mg/dL) Weight
Study N Mean SD N Mean SD with 95% Cl (%)
Chen 22020 178 102 106 457 184 795 —- -82.00[ -97.19, -66.81] 16.28
Duan J 2020 20 148 54 328 227 77 —— -79.00 [ -113.27, -44.73] 12.42
Ji M 2020 69 66.94 53.08 88 1496 69.1 —— -82.66 [ -102.38, -62.94] 15.47
LiL 2020 50 18254 58.85 22 21478 488 —ll— -32.24[ -60.33, -4.15] 13.75
Li T 2020 9 96 596 66 2195 522 ——— -123.50 [ -160.45, -86.55] 11.86
Wu C 2020 84 1005 37.96 117 136 52.2 B -35.50[ -48.62, -22.38] 16.60
Xue G 2020 58 88.5 6185 56 166 92.03 —— -77.50[ -106.19, -48.81] 13.62
Overall - -71.48[ -93.73, -49.22]
Heterogeneity: 7° = 732.38, I’ = 85.91%, H> = 7.10
Test of 6, = 6;: Q(6) = 43.42, p = 0.00
Testof 6 =0:z=-6.29, p =0.00
150 100 -50 0
Random-effects REML model

Figure 2. Prealbumin and poor outcome (mean difference).

come was affected by gender, in which the dif-
ference was wider in male patients and narrower
in female patients. In patients with trauma, the
prealbumin response differs among male and
female patients, indicating a different physio-
logical response'. Thus, it is possible that there
is a gender-specific response in patients with
COVID-19.

Prealbumin is a globular, non-glycosylated pro-
tein produced by the liver and complexed with a

retinol-binding protein to transport retinol/vitamin
A and thyroid hormones. Compared to albumin,
prealbumin has a shorter half-life, a faster hepatic
synthesis rate, and a predictable catabolic rate, and
therefore, it may serve as a more sensitive indica-
tor. Plasma prealbumin levels may decrease with
age, inflammation, and nutritional deficiency. Low
serum prealbumin concentrations have been used
as an initial laboratory indicator of malnutrition
or poor nutritional status. During inflammation, a

Prealbumin and Poor Outcome (per 1 mg/dL)

Heterogeneity: 7° = 0.00, I* = 81.69%, H> = 5.46
Test of 6, = 6;: Q(3) = 11.62, p = 0.01
Testof 6=0:z=-2.89, p=0.00

Odds Ratio Weight
Study with 95% CI (%)
Chen Z 2020 —Jl—1.00[0.99, 1.00] 31.24
Li T 2020 i 0.99[0.97, 1.00] 13.70
Wu C 2020 —i— 0.99[0.98, 0.99] 23.82
Zuo P 2020 —Jll— 099[0.99, 1.00] 31.24
Overall ——all>=—  0.99[0.99, 1.00]

Random-effects REML model

Figure 3. Prealbumin and poor outcome (per 1 mg/dL decrease).
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Figure 4. Funnel-plot analysis.

number of cytokines are released into the blood-
stream, which downregulates plasma albumin and
prealbumin levels. In COVID-19, cytokine storm
has been postulated as one of the pathophysiology
responsible for severe symptoms and serious com-
plications. Therefore, serum prealbumin values
can be used as a screening parameter for inflam-
mation, including hyperinflammatory reactions
that occur in COVID-198.

Aging, frailty, and chronic disorders are as-
sociated with decreased immunity which may
also be exacerbated by poor nutritional sta-
tus and immune dysregulation, leading to a
poor prognosis®?®?!. Hence, elderly patients with
COVID-19 often present with a more severe
clinical presentation, elevated inflammatory pa-
rameters, and are more likely to experience
critical illness and even death®2020. Univariate
and multivariate logistic regression models were
employed to evaluate the correlation between
prealbumin and in-hospital outcomes (in-hos-
pital mortality, admission to the intensive care
unit [ICU], and mechanical ventilation. Apart
from nutritional status, serum prealbumin and
albumin can partly reflect the patient’s immune
status. Immune insufficiency may contribute to
higher viral replication, excessive inflammation,
and extensive tissue damage, leading to poor
outcomes. A low prealbumin level on admission
may suggest a poor prognosis and the predictive
value of prealbumin is superior to most routine
laboratory parameters reflecting organ dysfunc-
tion or functional impairment for COVID-19
prognosis’.

We assume that progressive decline of plasma
prealbumin levels in COVID-19 patients may
indicate disease progression and further deterio-

ration of clinical status. Nutritional and immune
status in the early stage of COVID-19 is likely to
be crucial in predicting the course of the disease.
Poor immunity may play a role in COVID-19-re-
lated complications and death. Although lympho-
penia can indicate worse outcomes in COVID-19
patients, serum prealbumin may reflect the host’s
immune function better?. The single use of pre-
albumin could serve as a modest predictor of
COVID-19 prognosis, but could yield better per-
formance when combined with other laboratory
parameters’.

Clinical Implications

Serum prealbumin can be used for risk strat-
ification in patients with COVID-19, and every
1 mg/dL decrease in prealbumin was associated
with 1% increase in poor outcomes. Nevertheless,
a single cut-off point will be more clinically rel-
evant; this cannot be analyzed with the current
data. Thus, future studies should evaluate the
optimal cut-off point for risk prediction.

Limitations

The limitation of this systematic review in-
cludes the risk of publication bias, in which
positive studies are more likely to be published.
The investigations were mostly retrospective.
There is no specific cut-off point for the pre-
albumin level, which is important for clinical
relevance.

Conclusions

Shortly, low serum prealbumin was associated
with poor outcomes in patients with COVID-19.
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