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Abstract: SARS-CoV-2 infection may cause a wide spectrum
of symptoms, from asymptomatic, to mild respiratory
symptoms and life-threatening sepsis. Among the clinical
laboratory biomarkers analyzed during COVID-19 pandemic,
platelet indices have raised great interest, due to the critical
involvement of platelets in COVID-19-related thromboin-
flammation. Through an electronic literature search on
MEDLINE, CINAHL, PubMed, EMBASE, Web of Science, and
preprint servers we performed and updated a systematic
review aimed at providing a detailed analysis of studies
addressing the potential clinical utility of platelet distribu-
tion width, platelet distribution width (PDW), in laboratory
medicine, exploring the possible association between
increased PDW levels, disease severity, and mortality in
COVID-19. Our systematic review revealed a wide hetero-
geneity of COVID-19 cohorts examined and a lack of ho-
mogenous expression of platelet indices. We found that 75 %
of studies reported significantly elevated PDW values in
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COVID-19 infected cohorts compared to healthy/non-
COVID-19 controls, and 40 % of studies reported that patients
with severe COVID-19 showed increased PDW values than
those with less-than-severe illness. Interestingly, 71.4 % of
studies demonstrated significant increased PDW values in
non survivors vs. survivors. Overall, these results suggest
that platelets are critically involved as major players in the
process of immunothrombosis in COVID-19, and platelet
reactivity and morphofunctional alterations are mirrored
by PDW, as indicator of platelet heterogeneity. Our results
confirm that the use of PDW as prognostic biomarkers of
COVID-19 sepsis still remains debated due to the limited
number of studies to draw a conclusion, but new opportu-
nities to investigate the crucial role of platelets in thrombo-
inflammation are warranted.
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Introduction

The novel coronavirus disease 2019 (COVID-19) is a pandemic
infectious disease sustained by a member of the Corona-
viridae family, finally called acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). The range of clinical pictures
is quite heterogeneous, with most patients experiencing
only mild respiratory symptoms or being asymptomatic,
especially among young children, with a relevant role in
spreading the disease [1]. The proportion of patients with
COVID-19 who progress towards severe or even critical
illness, requiring sub-intensive or intensive care varies but
is decreasing over time, in line with the increased population
immunity, improved early diagnostic procedures, and
advanced therapeutic strategies. Accordingly, the death rate
is highly variable worldwide depending on genetic, epige-
netic, and environmental factors [2].

Among the plethora of clinical laboratory biomarkers
and potential hematological parameters analyzed during
COVID-19 pandemic [3, 4], particular attention has been
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focused on platelet functions and activities, as well as
platelet-linked laboratory indices, due to a great deal of in-
formation available in COVID-19 patients suggesting the
hyper-activation of coagulative cascade, finally leading to
thrombosis and thrombocytopenia [5-8]. Interestingly, these
studies shed light also on the missing pieces of the intricate
puzzle of COVID-19.

According to the widely accepted association between
platelet parameters and COVID-19, several recent studies
on the diagnostic and prognostic value of routine hemo-
cytometry markers underlined the clinical usefulness of
platelet distribution width (PDW) in COVID-19, empha-
sizing the role of this measure for distinguishing and
stratifying the risk of developing critical illness and/or
dying. To this end, the hematological parameter PDW,
linked to heterogeneity of platelet volume, has recently
emerged as a predictive factor of multiorgan dysfunction,
enhanced micro-thrombotic processes and increased risk
of death in several physio-pathological conditions [9-12].

According to standard hematological procedures,
PDW is generated alongside other platelet volume indices
(mean platelet volume, MPV; plateletcrit, PCT) and repre-
sents a parameter mathematically based on the measure of
platelet volume and standard deviation of volume distri-
bution within the platelet population. In fact, PDW is an
indicator of heterogeneity in platelet size, reflecting
morphologic changes in reactive/activated/giant platelet
cells [13, 14].

In a general perspective, higher PDW values are asso-
ciated with a wider range of platelet size, which could result
from platelet activation processes, platelet destruction
mechanisms, or platelet consumption [13, 15-17].

Thrombotic events and hypercoagulability are also
associated with increased PDW values due to the high
number of platelets being destroyed and consumed
(thrombocytopenia), and the activation of thrombopoiesis,
which stimulates the release of younger and larger plate-
lets from the bone marrow in the blood circulation [5, 6].

On these bases, this parameter enhances the attainment
of crucial details through classic optical microscopic evalua-
tion of peripheral blood smears, providing further crucial
information on heterogeneity and volume modifications of
platelets upon massive inflammo-thrombotic processes.

We describe here the results of an updated systematic
review aimed to provide a detailed analysis of studies that
have addressed the potential clinical utility of PDW in
routine laboratory medicine, exploring the possible associ-
ation between increased PDW levels, disease severity, and
mortality in COVID-19 patients.
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Methods

This systematic review adheres to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement of 2020. As
this manuscript is a systematic review, no Ethical Committee approval
was required.

Search strategy

Electronic literature searches were conducted by two different authors
on the following databases: MEDLINE, CINAHL, PubMed, EMBASE,
and Web of Science databases, as well as on preprint servers medRxiv
and bioRxiv, for studies published between 2020 and present time
(i.e., latest search date: December 2, 2022). Database search strategies
were conducted with the assistance of an experienced health science
librarian. We also screened the reference list of identified papers for
capturing black literature. Searches were limited to human studies and
English language citations by using the following combinations of
terms: “COVID-19” OR “SARS-CoV-2”, “platelet distribution width”,
“severity”, “mortality”, “pregnancy”, “pulmonary embolism”, “acute
respiratory distress syndrome”. The search strategy combined these
terms using Boolean operators for the main databases is detailed in
Table 1.

Selection criteria

This review included observational cohort, cross-sectional, and case-
control studies. A series of comparisons were made: infected vs. unin-
fected healthy controls; severe vs. non-severe disease; non-survivors vs.
survivors. Severe disease was clinically defined as patients needing
intensive care unit (ICU) admission, mechanical (forced) ventilation,
COVID-19 related hospitalization, pneumonia, or onset of critical
symptoms and/or shock and/or presence of organ failure. Due to lack of
comparable data between multiple studies, pediatric populations were
excluded from analysis and only adult populations were considered. All
studies fulfilling these criteria were then included in a systematic
literature review.

Two authors reviewed the title and abstract of those publications
identified in databases. Duplicates were then removed. The title and
abstract were screened for eligibility and posterior full-read text. The
reference list of the documents included in our analysis was also scru-
tinized with forward and backward citation tracking to detect other
potentially eligible studies (Figure 1).

Table 1: Database formula during literature search.

PubMed, MEDLINE/CINAHL (via EBSCO), WOS (EMBASE)/Web of
Science search formula

((“COVID-19)” OR “SARS-CoV-2” AND (“platelet distribution width”)) AND
((“severity”) OR (“pregnancy”) OR (“pulmonary embolism”) OR (“acute
respiratory distress syndrome”))
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Data collection

Data including authors, years, country, sample size, PDW measurements
(in % and femtoliters, fL) and their associated p-values were extracted
from each study. Disagreements between authors with respect to study
eligibility were resolved by discussion and consensus among authors,
and discrepancies between reviewers at any stage of the screening
process were resolved by asking a third author when necessary.

Quality assessment

The NIH Quality Assessment Tool was used to evaluate all studies used
for analysis. Two authors grouped the studies into two categories: case-
control studies (Table 2) and observational cohort/cross-sectional

Table 2: NIH Quality Assessment Tool for evaluating case-control studies.

Figure 1: Preferred reporting items for
systematic reviews and meta-analyses
(PRISMA) flow diagram.

studies (Table 3). The same two authors assessed each study using the
provided checklist to characterize the quality of the papers. Case control
studies were evaluated by research question, study population, target
population and case representation, sample size justification, groups
recruited from the same population, inclusion and exclusion criteria
prespecific and applied uniformly, case and control definitions, random
selection of study participants, concurrent controls, exposure accessed
prior to outcome measurement, exposure measures and assessment,
blinding of exposure assessors, and statistical analysis parameters,
where applicable. Observational cohort/cross-sectional studies were
evaluated by research question, study population, groups recruited
from the same population, sample size justification, exposure accessed
prior to outcome measurement, sufficient timeframe to see an effect,
different levels of the exposure of interest, exposure measures and
assessment, repeated exposure assessment, outcome measures,

Case-control study Overall quality Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12
rating
Al-Buthabhak [18] Good Y Y Y Y Y Y N/A N Y Y N/A N
Alnor [19] Good Y Y N Y Y Y N/A Y Y Y N/A N/A
Aydinyilmaz [20] Good Y Y Y Y Y Y N/A N Y Y N/A Y
Nori [21] Good Y Y N Y Y Y N/A Y Y Y N/A Y
Shankaralingappa [22] Good Y Y N Y Y Y N/A Y Y Y N/A N/A
Yovchevska [23] Good Y Y N Y Y N N/A Y Y Y N/A Y

Y, yes; N, not; N/A, not applicable.
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Table 3: NIH Quality Assessment Tool for evaluating observational cohort and cross-sectional studies.

Observational cohort/ Overallquality Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14
cross-sectional study rating

Asrie [24] Fair Y Y Y Y N Y Y N N N Y N/A NA Y
Bommenahalli Gowda [25]  Fair Y Y N/A Y N Y Y N/A Y N Y N/A N/A N
Suarez Castillejo [26] Good Y Y Y Y Y Y Y N/A Y Y Y N/A Y N
Celikkol [27] Fair Y Y N/A N/A N Y Y Y Y N Y N/A N/A N
Covali [28] Fair Y Y Y Y N Y Y N/A Y N Y N/A NA N
Guglu [12] Good Y Y N/A Y N Y Y Y Y Y Y N/A Y N
Hajian [29] Good Y Y Y Y N Y Y Y Y N Y N/A NA N
Khalid [30] Good Y Y Y Y N Y Y Y Y N Y NA NA Y
Laszl6 [31] Fair Y Y N/A Y N Y Y Y Y N Y N/A N/A N
Ouyang [32] Fair Y Y N/A N N Y Y Y Y Y Y N/A NA N
Ozcelik [33] Fair Y Y N/A Y N Y Y N Y N Y N/A NA N
Pujani [34] Fair N Y N/A Y N Y Y Y Y N Y N/A N/A N
Ravindra [35] Fair N Y N/A N/A N N Y Y Y N Y N/A NA Y
Suliman [36] Fair Y Y Y Y N Y Y N/A N/A N Y N/A NA N
Wang [10] Fair N Y N/A Y N Y Y N N/A N Y N/A N/A N
Ye [37] Good N Y N/A Y N Y Y Y Y N Y NA NA Y
Zhong [38] Good N Y Y Y Y Y Y N N/A Y Y NA Y Y

Y, yes; N, not; N/A, not applicable.

blinding of outcome assessors, follow up rate, statistical analysis pa-
rameters, where applicable. Studies that achieved 75 % of the criteria or
above received a score of “good”; 50 % of the criteria or above received a
score of “fair”; less than 50 % of the criteria received a score of “poor”.

Results
Study selection

Twenty-three studies with a total population of n=12,767
participants were selected in this systematic review to
quantify platelet distribution width (PDW) in patients with
COVID-19. The studies were conducted in the following
countries: Iraq [18, 21], Turkey [12, 20, 27, 33], Spain [26],
Romania [28], India [22, 25, 34, 35], Iran [29], Hungary [31],
China [10, 32, 37, 38], Saudi Arabia [30, 36], Denmark [19],
Ethiopia [24], and Bulgaria [23]. The patients were further
divided into study-specific groups such as non-severe (n=778,
including mild and moderate), and severe (n=510) COVID-19
cohorts; survivor (n=1,270) and non-survivor (n=360) co-
horts; and presence of comorbidities including acute respi-
ratory distress syndrome, influenza, pulmonary embolism,
multisystem inflammatory system, and pneumonia. It is also
worth noting that articles under these categories were
nonexclusive, as many studies included more than one fac-
tor in their analysis.

Meta-analysis was not deemed appropriate due to the
high heterogeneity between studies. In accordance with the
guidelines outlined in the Cochrane Handbook and best

practices in evidence synthesis, we did not to perform a
meta-analysis due to the presence of methodological and
clinical heterogeneity that cannot be adequately addressed
by statistical methods alone.

By acknowledging the limitations imposed by high het-
erogeneity, we aimed to ensure the robustness and reli-
ability of our findings, and to avoid combining studies with
such significant differences that could introduce bias or
distort the overall conclusions of the analysis.

Accordingly, we conducted a synthesis of the data re-
ported by addressing population, patient level differences,
limitations with different assays, sensitivities, and reported
units, and methodological quality.

Study assessment

All studies used for analysis received scores of either good or
fair. No studies received a score of poor. The studies that
were deemed good include [12, 18-23, 26, 29, 30, 37, 38].

The studies that were classified as fair include [10, 24, 25,
27, 28, 31-36]. These characterizations are provided in
Tables 2 and 3.

PDW trends

Asreported in Tables 4 and 5, six out of eight (75 % of studies)
reported significantly elevated PDW (expressed as fL or %)
values in COVID-19 infected cohorts as compared to healthy
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Table 4: PDW (%) in COVID-19 patients.
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Author
Country of origin
Design

Sample size

PDW measurement

PDW significance (p-value)

Celikkol et al. [27]
Turkey
Retrospective cohort

Confirmed COVID-19 pa-
tients n=56

Unconfirmed COVID-19
patients n=46

Healthy patients n=30

Mild COVID-19 cohort n=31
Severe COVID-19 cohort
n=25

PDW (%)

Confirmed COVID-19 patients: 16.02 + 2.96 %
Unconfirmed COVID-19 patients: 15.04 + 3.29 %

Healthy patients: 14.5 + 1.9 %

Mild COVID-19 patients: 16.05 + 3.24 %
Severe COVID-19 patients: 15.98 + 2.63 %

Confirmed vs. healthy: 0.017
Severity: 0.921

Ozcelik et al. [33]
Turkey
Retrospective

COVID-19 cohort n=54
Influenza cohort n=43

PDW (%), median (IQR)
COVID-19 patients: 16.2 (15.9-16.6) %
Influenza patients: 12.2 (10.6-14.2) %

Diagnostic (COVID-19 vs. influenza
pneumonia): <0.001

Pujani et al. [34]
India
Prospective cross-sectional

COVID-19 cohort n=506
Non-COVID-19 cohort n=200
Mild-moderate COVID-19
cohort n=337

Severe COVID-19 cohort
n=118

Very severe COVID-19 cohort

n=51

Survival subclassification
COVID-19 survivor cohort
n=473

COVID-19 non-survivor
cohort n=33

PDW (%)
Total COVID-19 patients: 16.12 + 3.6 %

Non-COVID-19 patients: 15.69 + 2.30 %

Very severe COVID-19 patients: 17.43 + 3.78 %
Severe COVID-19 patients: 16.24 + 3.51 %
Moderate COVID-19 patients: 15.99 + 3.6 %

Survivors: 16.08 + 3.64 %
Non-survivors: 17.37 + 3.00 %

Case vs. Control (COVID-19 vs.
Non-COVID-19): 0.03

Severity: 0.012

Survival: 0.047

Shankaralingappa et al. [22]
India
Retrospective case-control

COVID-19 cohort n=199
Non-COVID-19 cohort n=198
High PDW (>25 %) subclassi-
fication

COVID-19 cohort n=1
Non-COVID-19 cohort n=5

PDW (%)
*Normal reference range: 0-25 %*
COVID-19 patients: 15.83 + 5.92 %

Non-COVID-19 patients: 14.44 + 2.83 %

Case vs. Control (COVID-19 vs.
Non-COVID-19): 0.003
PDW>25 %: 0.101

Covali et al. [28]
Romania
Prospective cohort

Positive COVID-19 cohort
n=46

Negative COVID-19 cohort
n=411

PDW (%), mean values (and SD) on the upper

line

Egnant COVID-19 positive patients at term:

16.98 £ 2.70 %

Pregnant COVID-19 negative patients at term:

16.97 +3.17 %

PDW (%), median values (quartile 1, quartile 2)

on the lower line

Pregnant COVID-19 positive patients at term:

16.59 (15.10, 18.41) %

Pregnant COVID-19 negative patients at term:

16.63 (14.79, 18.77) %

Case vs. Control (COVID-19 vs.
COVID-19 negative in pregnant
women): 0.804

Aydinyiimaz et al. [20]
Turkey
Retrospective case-control

All patients n=5,412
Intensive care cohort n=871
Hospital ward cohort n=4,541
ASA use (+) cohort n=118
ASA use (-) cohort n=255

PDW (%), median (IQR)

Total COVID-19 positive patients: 12.0 (10.8-

13.5) %
Intensive care: 12.8 (11.5-14.5) %
Ward: 11.9 (10.7-13.3) %

COVID-19 positive patients with MPV>10.45 f|
and D-dimer >500.2 ng/dL in ICU: ASA use (+):

14.40 (13.2-15.08) %
ASA use (-): 14.42 (12.53-15.44) %

Hospitalization for all patients:
<0.001

ASA use for MPV>10.45 fl and
D-dimer >500.2 ng/dL patients in
ICU: 0.415
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Table 4: (continued)
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Author
Country of origin
Design

Sample size

PDW measurement

PDW significance (p-value)

Guglu et al. [12]
Turkey
Retrospective cohort

Moderate COVID-19
Measurement 1: n=80
Measurement 2: n=70
Difference: n=69
Severe COVID-19
Measurement 1: n=13
Measurement 2: n=124
Difference: n=123
COVID-19 survivors
Measurement 1: n=158
Measurement 2: n=147
Difference: n=146
COVID-19 non-survivors
Measurement 1: n=54
Measurement 2: n=47
Difference: n=46

PDW (%), mean + SD

PDW measurement 1

Moderate COVID-19 patients: 17.37 + 2.32 %
Severe COVID-19 patients: 17.72 + 2.52 %
Survivors: 17.44 + 2.35%

Non-survivors: 18.02 + 2.69 %

PDW measurement 2

Moderate COVID-19 patients: 17.96 + 1.43 %
Severe COVID-19 patients: 18.13 + 1.66 %
Survivors: 17.89 + 1.55 %

Non-survivors: 18.63 + 1.56 %

PDW difference (%), mean + SD

Moderate COVID-19 patients: 0.61 + 2.34 %
Severe COVID-19 patients: 0.55 + 2.45 %
Survivors: 0.46 + 2.35%

Non-survivors: 0.93 + 2.57 %

PDW measurement 1
Severity: 0.142
Survival: 0.040

PDW measurement 2
Severity: 0.144
Survival: 0.006

PDW difference
Severity: 0.913
Survival: 0.389

Hajian et al. [29]
Iran
Cross-sectional

All patients n=59

Severe COVID-19 cohort
n=21

Critically ill COVID-19 cohort
n=38

PDW (%), median serum (IQR)

All patients: 12.0 (11.0-14.0) %

Severe patients: 11.70 (10.90-13.45) %
Critically ill: 12.00 (11.12-14.20) %

Severity: 0.745

Ravindra et al. [35]

Mild COVID-19 cohort n=51

PDW (%), mean (SD)

Severity: 0.064

India Severe COVID-19 cohort Mild COVID-19 patients: 17.11 (7.3) % Survival: 0.078
Retrospective single-center n=49 Severe COVID-19 patients: 16.47 (2.16) %

COVID-19 survivor cohort COVID-19 survivors: 15.4 (2.13) %

n=88 COVID-19 non-survivors: 16.5 (3.12) %

COVID-19 non-survivor

cohort n=12
Bommenahalli Gowda et al. [25]  COVID-19 survivor cohort PDW (%) Survival: 0.05

India
Retrospective cross-sectional

n=75
COVID-19 non-survivor
cohort: n=25

*Normal reference range: 15-17; mean + SD:
16.7 + 2.7, median: 17.4; Minimum: 1.2;
Maximum: 21.5*

Non-survivors: 17.58 + 2.84 %

Survivors: 16.37 + 2.59 %

Testing PDW=17 % as cut off value for influence
on survival <17.0: Non-survivors (n=21), survi-

vors (n=42)
>17.0: Non-survivors (n=4), survivors (n=33)
0dds ratio (Confidence Interval)

Mortality occurrence between PDW<17.0 % and

>17.0 % indices: 4.1(1.3-13.2)

Differentiating survival with
PDW=17 % cutoff: 0.012

Laszl6 et al. [31]

Hungary

Retrospective descriptive analysis
of prospectively collected data

ICU cohort n=95
Non-ICU cohort n=111
COVID-19 survivor cohort
n=130

COVID-19 non-survivors
n=76

COVID-19 ICU survivor cohort

n=60
COVID-19 ICU non-survivors
n=35

PDW (%),

Median (25-75 % confidence interval)
COVID-19 survivors:14.4 (11.6-45.1)%
COVID-19 non-survivors: 21.4 (14.9-57.5)%
ICU patients, survivors: 16.7 (12.3-57.8)%

ICU patients, non-survivors: 51.5 (15.2-57.6)%

ICU stay: <0.001
ICU survival: 0.09
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Table 4: (continued)

Ligi et al.: PDW alterations and hypercoagulation in COVID-19 =—— 391

Author
Country of origin
Design

Sample size

PDW measurement

PDW significance (p-value)

Ouyang et al. [32]
China
Retrospective

COVID-19 survivor cohort
n=82

COVID-19 non-survivor
cohort n=25

PDW (%)

*Normal reference range: 15-17*
First laboratory tests

COVID-19 survivors: 16.18 %
COVID-19 non-survivors: 16.63 %
Last laboratory tests

COVID-19 survivors: 16.14 %
COVID-19 non-survivors: 16.74 %

First laboratory tests
Survival: <0.001
Last laboratory tests
Survival: <0.001

Al-Buthabhak et al. [18]
Iraq
Retrospective case-control

Mild pneumonia (no hospital
admission) n=64
Moderate-severe pneumonia
ICU admission n=24
Mechanical ventilation n=22
In-hospital death n=9
Complete recovery (no
persistent symptoms) n=54
Post-recovery shortness of
breath (O, dependent) n=23
Post-recovery fatigue n=19

PDW (%)

COVID positive patients: 12.6 + 2%
0dds ratio (Confidence Interval)
High PDW: 0.3 (0.4-1.9)

Length of ICU stay: <0.00

Length of hospital stay: <0.00
Degree of lung injury: 0.25
Mechanical ventilation use: 0.12
In-hospital death: 0.13

Complete recovery: 0.08
Post-recovery shortness of breath
(O, dependent): 0.07
Post-recovery fatigue: 0.05
Length of ICU stay with high PDW:
<0.00

Suarez Castillejo et al. [26]
Spain
Prospective cohort, single-center

All patients n=179
Non-PE COVID-19 cohort
n=108

PE COVID-19 cohort n=71

PDW(%)

All patients

Baseline: 16.3 (15.8-16.8) %
Peak: 17.2 (16.9-17.9) %

Prior to CTPA: 16.4 (15.9-16.8) %
Non-PE COVID-19 patients
Baseline: 16.1 (15.7-16.8) %
Peak: 17.1 (16.8-17.7) %

Prior to CTPA: 16.2 (15.8-16.7) %
PE COVID-19 patients

Baseline: 16.6 (16.1-17.2) %
Peak: 17.3 (16.9-18.2) %

Prior to CTPA: 16.6 (16.1-16.9) %

Non-PE COVID-19 patients vs. PE
COVID-19 patients

Baseline: 0.00

Peak: 0.04

Prior to CTPA: 0.0

Suliman et al. [36]
Saudi Arabia
Retrospective cohort

Non-COVID-19 cohort
n=2,414

PDW (%)
Mean Preceding Period (07/2019-04/2020):
13.18%
Mean Lockdown Period (05/2020-09/2020):
12.58 %

Diagnostic (pre-pandemic vs. lock-
down): <0.001 (Unpaired t test and F
test)

Zhong et al. [38]
China
Retrospective cohort

MPR<7.44 cohort n=59
MPR>7.44 group n=26

PDW (%), median (IQR)
MPR<7.44 patients: 12.6 (11.8, 13.9) %
MPR>7.44 patients: 14.6 (13.1, 16.8) %

Severity: 0.004

ASA, acetylsalicylic acid; ICU, intensive care unit; PE, pulmonary embolism; MPV, mean platelet volume; MPR, mean platelet volume/platelet count rate;
CTPA, computed tomography pulmonary angiography.

unaffected controls or COVID-19 negative cohorts [19, 21, 22,

27, 33, 34].

One study by Covali et al. found no difference in the
mean PDW between pregnant COVID-19 patients and
pregnant uninfected control [28]. It is possible that this

study’s lack of significant findings is attributable to com-

parisons between pregnant cohorts. The study by Khalid

cohort [30].

et al. indicated a significantly greater median PDW level in
healthy controls compared to in the COVID-19 infected
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Table 5: PDW (fL) in COVID-19 patients.
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Author Sample size PDW measurement PDW significance (p-Value)

Country of origin

Design

Alnor et al. [19] All patients PDW (fL), median (IQR) All patients

Denmark Non-COVID-19 cohort All patients COVID-19 vs. non-COVID-19 patients: 0.003
Case-control (nested) n=228 Non-COVID-19 patients: 11.2 Severe COVID-19 vs. non-severe COVID-19

COVID-19 cohort n=74
Severity subclassification
Severe COVID-19 cohort
n=16

Non-severe COVID-19
cohort n=58

Patients with CRP<100 mg/L
Non-COVID-19 cohort n=54
COVID-19 cohort n=49
Severe COVID-19 cohort n=8
Non-severe COVID-19
cohort n=41

(10.1-12.6) fL

COVID-19 patients: 12.2
(10.6-13.4) fL

Severe COVID patients: 13.0
(11.6-14.5) fL

Non-severe COVID patients: 12.1
(10.5-13.2) fL

For patients with CRP<100 mg/L
Non-COVID-19 patients: 11.2
(10.2-12.53) fL

COVID-19 patients: 12.3
(10.85-13.45) fL

Severe COVID patients: 12.90
(11.65-14.48) fL

Non-severe COVID patients: 12.20
(10.65-13.30) fL

patients: 0.097

Patients with CRP<100 mg/L

COVID-19 vs. non-COVID-19 patients: 0.005
Severe COVID-19 vs. non-severe COVID-19
patients: 0.239

COVID-19 cohort n=50
Non-COVID-19 cohort n=50

Nori et al. [21]
Iraq
Retrospective case control

PDW (fL), mean + SD/SE
COVID-19 positive patients:
14.82 +3.18/0.46 fL
COVID-19 negative patients:
13.3 +2.16/0.39 fL

Case vs. Control (COVID-19 vs. non-COVID-19
in pregnant women): 0.024

Khalid et al. [30]
Saudi Arabia
Retrospective cross-sectional

COVID-19 cohort n=487
Non-COVID-19 cohort
n=300

PDW (fL), median (Min-Max)
COVID-19 patients: 12.4 (8.8-
233)fL

Non-COVID-19 patients: 13.2
(10.3-22.1) fL

Severity subclassification

ICU COVID-19 patients: 12.9
(8.8-23.3) fL

ER COVID-19 patients: 12.0
(8.8-22.6) fL

Mild COVID-19 patients: 11.4
(9.5-15) fL

Non-COVID-19 patients: 13.2
(10.3-22.1) fL

Case vs. Control (COVID vs. Non-COVID):
0.000
Severity: 0.000

Asrie et al. [24]
Ethiopia
Cross-sectional

All patients n=117

Mild COVID-19 cohort n=45
Moderate COVID-19 cohort
n=43

Severe COVID-19 cohort
n=29

PDW (fL), median (IQR)

All patients: 16.4 (0.75) fL

Mild COVID-19 patients: 16.4
(0.65) fL

Moderate COVID-19 patients: 16.5
0.7) fL

Severe COVID-19 patients: 17
(1.55) fL

Severity: 0.001

Yovchevska et al. [23] COVID-19 patients with

Bulgaria ARDS n=190
Retrospective analytic case-control, COVID-19 patients without
single center ARDS n=303

COVID-19 survivor cohort

PDW (fL)

COVID-19 patients with ARDS:
15.10 + 2.08 fL

COVID-19 patients without ARDS:
1294 £ 212 fL

Severity (ARDS): <0.001
Survival: 0.095
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Author Sample size PDW measurement PDW significance (p-Value)
Country of origin
Design

n=133 COVID-19 survivors:

COVID-19 non-survivor 1493 + 2.16 fL

cohort n=57 COVID-19 non-survivors:

15.48 + 1.84fL

Ye et al. [37] Asymptomatic-moderate PDW (fL) Severity (asymptomatic-moderate/severe
China cohort n=132 Asymptomatic-moderate patients: and above): 0.559

Retrospective cross-sectional Severe or above cohort n=29

14.98 + 3.17fL

Severe and above patients:
15.34 + 2.08 fL

ICU cohort n=95
Non-ICU cohort n=111

Laszl6 et al. [31]
Hungary

PDW (fL), median
(25%-75 % confidence interval)

ICU stay: <0.001
ICU survival: 0.09

COVID-19 survivor cohort
n=130

COVID-19 non-survivors
n=76

COVID-19 ICU survivor
cohort n=60

COVID-19 ICU non-survivors
n=35

Retrospective descriptive analysis of
prospectively collected data
44.7)

ICU patients: 19.9 (13.7-57.7)
Non-ICU patients: 14.5 (11.6-

Wang et al. [10]
China
Retrospective single center

COVID-19 positive cohort
n=40

PDW (fL)

Admission group: 11.75 + 1.227 fL
Discharge group: 12.23 + 1.485 fL

Diagnostic (admission vs. discharge): 0.0186

ARDS, acute respiratory distress syndrome.

Four out of ten (40 % of studies) exhibited significantly
increased PDW values in patients with severe COVID-19 vs.
in those with less-than-severe illness [20, 23, 24, 34]. All of the
remaining studies that tested for a severity-dependent PDW
correspondence do not show significance between the two
groups [12, 19, 27, 29, 35, 37]. The lack of a significant differ-
ence in the study by Giiclii et al. may be a result of the
narrower comparison of PDW levels from moderate-to-
severe COVID-19 cohorts [12]. Similarly, the report by Hajian
et al. compared PDW values in severe vs. critically ill
COVID-19 cohorts - such that the differences between groups
may be too small to detect a difference in PDW [29].

Five out of seven (71.4 % of studies) demonstrate a sig-
nificant elevation of PDW values in patients who died from
COVID-19 compared with patients who were infected with
the virus but survived [12, 25, 31, 32, 34]. The remaining two
studies indicated non-significant differences between the
groups [23, 35].

Discussion

PDW is a laboratory test that measures volume variability in
platelet size, providing an indicator of the heterogeneity in

platelet morphology [14]. PDW is widely used as an indicator
of platelet function and activation, and it has been reported
as a more specific marker of platelet activation, since it does
not increase during simple platelet swelling, suggesting
higher PDW values on admission to internal medicine wards
associated with a more severe clinical profile and increased
risk of 90-day mortality [11].

Several reports (n=23) were analyzed by our systematic
review, revealing a wide heterogeneity of population co-
horts examined and a lack of homogenous expression of
platelet indices (e.g, PDW was expressed as fL and
percentage).

Overall, the findings of our systematic review revealed
that 75% of studies reported significantly elevated PDW
values in COVID-19 infected cohorts compared to healthy/
non-COVID-19 controls [19, 21, 22, 27, 33, 34], and that 40 % of
studies reported that patients with severe COVID-19 showed
increased PDW values than those with less-than-severe
illness [20, 23, 24, 34]. However, the lack of a significant dif-
ference in some studies may depend on the different selec-
tion of COVID-19 cohorts among studies.

In fact, stratifying patients according to their survival,
we observed that 71.4% of studies demonstrated a
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significant increase of PDW values in patients who died from
COVID-19 compared with patients who were infected with
the virus but survived [12, 25, 31, 32, 34].

Overall, these results suggest that during Sars-Cov-2
infection platelets are critically involved as major players
in the process of immunothrombosis. Platelet reactivity is
mirrored by morphofunctional alterations, such as increased
MPV and PDW, as indicators of platelet heterogeneity.

Several studies reported that platelets tend to be
deformed, to became giant, to form homotypic and hetero-
typic aggregates, which finally results in a thrombocytopenic
condition induced by platelet destruction or consumption,
associated with the release of younger and larger platelets
from the bone marrow, overall contributing to increased
PDW values [5, 6, 13, 15-17].

A similar scenario has also been described to be induced
by high levels of circulating histones, which represent crit-
ical triggers found at increased concentration in blood
samples from COVID-19 and sepsis patients, recognized to be
able to induce a thrombocytopenic condition and platelet
heterogeneity [39]. Notably, possible heterogeneity in he-
matological procedures applied for analysis of PDW may
also impact the compatibility of PDW data among studies
and the conclusions made on present PDW trends. Finally,
despite several studies indicating increased PDW values in
COVID-19, our results confirm that the use of PDW as
possible prognostic biomarkers of COVID-19 sepsis still re-
mains debated due to the limited number of studies to draw
a conclusion [40], but new opportunities to investigate the
crucial role of platelets in thrombo-inflammation are guar-
anteed. In this respect, the use of PDW could implement the
everyday clinical practice if included in various artificial in-
telligence (AI) algorithms [41, 42], contributing to the devel-
opment of innovative diagnostic and prognostic approaches.
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