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REVIEW

Platelet Count and Platelet Indices in Patients with Stable and Acute
Exacerbation of Chronic Obstructive Pulmonary Disease: A Systematic Review
and Meta-Analysis

Angelo Zinellua , Panagiotis Paliogiannisa, Elisabetta Sotgiua, Sabrina Mellinoa, Alessandro G. Foisb,
Ciriaco Carrua , and Arduino A. Mangonic

aDepartment of Biomedical Sciences, University of Sassari, Sassari, Italy; bDepartment of Medical, Surgical and Experimental Sciences,
University of Sassari, Sassari, Italy; cDiscipline of Clinical Pharmacology, College of Medicine and Public Health, Flinders University and
Flinders Medical Centre, Adelaide, Australia

ABSTRACT
Platelets play an important role in the pathophysiology of chronic obstructive pulmonary disease
(COPD) by mediating thrombotic, inflammatory, and immune processes in the lung. We conducted
a systematic review and meta-analysis of studies investigating the platelet count and three platelet
indices, mean platelet volume (MPV), platelet distribution width (PDW), and platelet to lymphocyte
ratio (PLR) in stable COPD vs. non-COPD patients and in stable COPD vs. acute exacerbation of
COPD (AECOPD) patients (PROSPERO registration number: CRD42021228263). PubMed, Web of
Science, Scopus and Google Scholar were searched from inception to December 2020. Twenty-
seven studies were included in the meta-analysis, 26 comparing 4,455 stable COPD patients with
7,128 non-COPD controls and 14 comparing 1,251 stable COPD with 904 AECOPD patients. Stable
COPD patients had significantly higher platelet counts (weighted mean difference, WMD ¼ 13.39
x109/L, 95% CI 4.68 to 22.11 x109/L; p< 0.001) and PLR (WMD ¼ 59.52, 95% CI 29.59 to 89.44;
p< 0.001) than non-COPD subjects. AECOPD patients had significantly higher PLR values than sta-
ble COPD patients (WMD ¼ 46.03, 95% CI 7.70 to 84.35; p¼ 0.02). No significant differences were
observed in MPV and PDW. Between-study heterogeneity was extreme. In sensitivity analysis, the
effect size was not modified when each study was sequentially removed. The was no evidence of
publication bias. In our meta-analysis, specific platelet biomarkers were associated with stable
COPD (platelet count and PLR) and AECOPD (PLR). However, the observed heterogeneity limits the
generalizability of the findings. Further studies are required to determine their prognostic utility
and the effects of targeted interventions in COPD.
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Introduction

An increasing body of evidence suggests that platelets exert
significant modulatory effects on inflammatory- and
immune-mediated pathways, in addition to their established
role in hemostasis and thrombosis [1, 2]. Therefore, altera-
tions in platelet activity might play an important patho-
physiological role in several acute and chronic disease states
that are associated with excessive local and/or systemic
inflammatory and thrombotic burden. One such condition
is chronic obstructive pulmonary disease (COPD), a leading
cause of disability and mortality worldwide that is character-
ized by airway inflammation, excessive mucus production,
progressive destruction of the lung parenchyma with loss of
elasticity, and abnormal remodeling of the pulmonary vascu-
lature [3]. A number of studies support the proposition that
platelets are involved in the pathogenesis and the progres-
sion of COPD, particularly through an increase in leukocyte
elastase activity, the formation of platelet-monocyte

aggregates, and the dysregulation of specific hypoxia-related
signaling pathways [4–6]. Therefore, biomarkers of platelet
function might be useful in the early diagnosis of COPD
and, particularly, in predicting those COPD patients that are
at a higher risk of acute exacerbation of the disease
(AECOPD), a condition that often requires hospitalization
and is associated with significantly worse survival outcomes
[6]. A number of platelet indices, in addition to platelet
count, have been used for clinical and research purposes in
respiratory and non-respiratory disease states. They include
the mean platelet volume (MPV), a marker of platelet size
[7], the platelet distribution width (PDW), a marker of the
variability in platelet size distribution [8], and the platelet to
lymphocyte ratio (PLR), a marker of inflammation [9].
Given the increasing evidence of the pathophysiological role
of platelets in COPD, we conducted a systematic review and
meta-analysis of studies that investigated the platelet count,
MPV, PDW, and PLR in stable COPD vs. non-COPD
patients and in stable COPD vs. AECOPD patients.
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Materials and methods

Search strategy, eligibility criteria, and study selection

A systematic search was conducted, from inception to
December 2020, in the electronic databases PubMed, Web
of Science, Scopus and Google Scholar, using the following
terms and their combination: “platelets” or “MPV” or “mean
platelet volume” or “PDW” or “platelet distribution width”
or “PLR” or “platelet to lymphocyte ratio” and “COPD” or
“chronic obstructive pulmonary disease” (PROSPERO regis-
tration number: CRD42021228263). Abstracts were inde-
pendently screened by two investigators. If relevant, the two
investigators independently reviewed the full articles.
Eligibility criteria were as follows: (i) assessment of platelet
count and/or MPV and/or PDW and/or PLR in COPD or
AECOPD patients; (ii) comparison between stable COPD
patients and non-COPD subjects or between stable COPD
and AECOPD patients (case-control design); (iii) studies
conducted in adults; (iv) �10 recruited patients with COPD
or AECOPD; (v) English language; and (vi) full-text publica-
tions. The references of retrieved articles and reviews were
also searched to identify additional studies. Any disagree-
ment between the reviewers was resolved by a third investi-
gator. The Newcastle-Ottawa Scale (NOS) was used to assess
study quality [10]. No specific review protocol
was developed.

Statistical analysis

Weighted mean differences (WMD) were calculated to build
forest plots of continuous data and to evaluate differences in
the primary endpoints, platelet count, MPV, PDW, and PLR
values, between non-COPD subjects and stable COPD
patients or between stable COPD and AECOPD patients.
Mean and standard deviation were extrapolated, if necessary,
from median and IQR values or median and range values,
as previously reported [11, 12]. WMD heterogeneity across
studies was assessed using the Q-statistic (the significance
level was set at p< 0.10). The I2 statistic, a quantitative
measure of inconsistency across studies, was also used
(I2<25%, no heterogeneity; I2 between 25-50%, moderate
heterogeneity; I2 between 50-75%, large heterogeneity; and
I2>75%, extreme heterogeneity) [13, 14]. Statistical hetero-
geneity was defined as an I2 value �50%. A random-effects
model was used in the presence of high heterogeneity.

Sensitivity analyses were conducted to investigate the influ-
ence of each study on the overall WMD by removing one
study at the time [15]. To evaluate the presence of potential
publication bias, associations between study size and magni-
tude of effect were investigated using the Begg’s adjusted
rank correlation test and the Egger’s regression asymmetry
test, with a p< 0.05 level of significance [16, 17].
Confidence intervals (CIs) at 95% were reported for each
effect size and the overall effect, with a p< 0.05 level of sig-
nificance. Statistical analyses were performed using Stata 14
(STATA Corp., College Station, TX, USA). The study was
fully compliant with the PRISMA statement on the reporting
of systematic reviews and meta-analyses [18].

Results

From a total of 2,233 studies initially identified, 2,202 were
excluded after the first screening because they were either
duplicates or irrelevant. After a full-text review of the
remaining 31 articles, four were further excluded because
they did not meet the inclusion criteria or provided incom-
plete information. Thus, 27 studies were included in the
meta-analysis (Figure 1) [19–45].

Stable COPD patients vs. non-COPD subjects

Platelet count
Twenty-three studies, published between 2003 and 2020,
investigated the platelet count in 4,291 stable COPD patients
(mean age 68 years, 63% males) and 6,969 non-COPD con-
trols (mean age 65 years, 47% males) (Tables 1–3) [19–30,
32–35, 37, 39–44]. In 19 studies, COPD was diagnosed
according to the Global Obstructive Lung Disease (GOLD)
guidelines [19, 21, 23–25, 27–29, 32–35, 37, 39, 40, 42–44],
in three according to the American Thoracic Society/
European Respiratory Society (ATS/ERS) guidelines [20, 22,
26], and in one according to the Polish Respiratory Society
guidelines (PSR) [41]. The forest plot for platelet counts in
non-COPD and stable COPD patients is shown in Figure 2.
In five studies, stable COPD patients had lower platelet
counts than non-COPD controls (mean difference range,
�31 to �6� 109/L) [23, 26, 34, 37, 42], although the differ-
ence was statistically significant only in one study [37]. In
the remaining 18 studies, stable COPD patients had higher
platelet counts (mean difference range, 4 to 66� 109/L)
[19–22, 24, 25, 27–30, 32, 33, 35, 39–41, 43, 44], and the dif-
ference was statistically significant in seven [21, 22, 25, 28,
32, 39, 40]. The extreme heterogeneity between studies
(I2¼75.9%, p< 0.001) required the use of random-effect
models. Pooled results showed that the platelet count was
significantly higher in patients with stable COPD (WMD ¼
13.39� 109/L, 95% CI 4.68 to 22.11� 109/L; p< 0.001; stat-
istical power ¼ 0.99). In sensitivity analysis, the correspond-
ing pooled WMD values were not influenced when each
study was in turn removed (effect size ranged between 11.1
and 15.4� 109/L, Supplementary Figure 1). Furthermore, the
WMD remained significant (WMD ¼ 14.95� 109/L, 95% CI
4.52 to 25.38� 109/L; p¼ 0.005), with similar between-study

Figure 1. Flow chart of study selection.
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variance (I2¼75.4%; p< 0.001), after removing two studies
accounting for �70% of participants [19, 43]. The Begg’s
(p¼ 0.245) and Egger’s t-tests (p¼ 0.192) showed no signifi-
cant evidence of publication bias. To explore possible sour-
ces of heterogeneity, we investigated by meta-regression
analysis the effects of age, gender, body mass index (BMI),
publication year, guidelines used for diagnosis, continent
where the study was conducted (Europe, Africa, Asia, and
America), forced expiratory volume at 1 sec (FEV1), FEV1/
forced vital capacity (FVC), white blood cell count (WBC),
and C-reactive protein (CRP) (Tables 1–3). As shown in
Supplementary Figure 2A, there were no significant differen-
ces (t¼-0.10; p¼ 0.92) in pooled WMD values between
European (WMD ¼ 13.61� 109/L, 95% CI 1.65 to
25.54� 109/L; p¼ 0.025) and Asian studies (WMD ¼
13.28� 109/L, 95% CI �3.09 to 29.65� 109/L; p¼ 0.11) even
though in the latter the significant difference in pooled
platelet counts between stable COPD and non-COPD sub-
jects was lost. A relatively lower heterogeneity in European
(I2¼60.0%; p¼ 0.005) vs. Asian studies (I2¼86.0%;
p< 0.001) was also observed. Similarly, analysis based on
specific guidelines (Supplementary Figure 2B) showed com-
parable pooled WMD values between studies using GOLD
(WMD ¼ 13.14� 109/L, 95% CI 3.98 to 22.30� 109/L;
p¼ 0.005) and those using ATS/ERS guidelines (WMD ¼
21.13, 95% CI �27.25 to 69.51� 109/L; p¼ 0.39) although
in the latter the differences in platelet count between non-
COPD and stable COPD subjects were no longer significant.
The between-study variance in GOLD studies (I2¼75.9%;
p< 0.001) was relatively lower than that observed in ATS/
ERS studies (I2¼87.4%; p< 0.001). Age (t¼-0.34; p¼ 0.74)
gender (t¼-0.71; p¼ 0.49), publication year (t¼-0.74;
p¼ 0.47), BMI (t¼-0.74; p¼ 0.48), FEV1 (t¼ 0.91; p¼ 0.38),

FEV1/FVC (t¼ 0.64; p¼ 0.54), WBC (t¼-0.13; p¼ 0.90), and
CRP (t¼-0.37; p¼ 0.72) were not significantly associated
with WMD.

MPV
Eighteen studies, published between 2011 and 2020, investi-
gated the MPV in 1,063 non-COPD (mean age 61 years,
62% males) and 1,834 stable COPD subjects (mean age
68 years, 69% males) (Tables 1–3) [21, 23, 25–36, 39, 40, 42,
44]. The GOLD guidelines were used in 16 studies [21, 23,
25, 27–30, 32–36, 40, 42, 44], the ATS/ERS guidelines in
one [26], whereas no details regarding guidelines were pro-
vided in the remaining study [31]. The forest plot of MPV
values in non-COPD and stable COPD subjects is shown in
Figure 3. In seven studies, stable COPD patients had lower
MPV values compared to non-COPD subjects (mean differ-
ence range, �0.84 to �0.05 fL) [26–28, 32, 36, 39, 42], and
the difference was statistically significant in five [26–28, 32,
39]. By contrast, in eight studies stable COPD patients had
significantly higher MPV values (mean difference range,
0.17 to 0.71 fL) [21, 23, 29–31, 33, 34, 40], barring one study
[30]. Pooled results showed that MPV values were not sig-
nificantly different between the two groups (WMD ¼
0.01 fL, 95% CI �0.26 to 0.28 fL; p¼ 0.94; statistical power
¼ 0.03), with an extreme heterogeneity between studies
(I2¼89.3%; p< 0.001). Sensitivity analysis showed that the
corresponding pooled WMD values were not influenced
when each study was in turn removed (effect size ranged
between �0.03 and 0.09 fL, Supplementary Figure 3). No
significant publication bias was detected using the Begg’s
(p¼ 0.705) or Egger’s t-test (p¼ 0.85). In meta-regression
analysis, age (t¼ 0.85; p¼ 0.41), gender (t¼ 0.52; p¼ 0.61),
publication year (t¼-0.03; p¼ 0.98), BMI (t¼-1.79; p¼ 0.12),

Figure 2. Forest plot of studies examining the platelet count in stable COPD patients and non-COPD subjects.
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Table 1. Demographic characteristics of the studies included in the meta-analysis.

First Author
Year, Country

Number Age (years) Gender (M/F)

NOSNon-COPD COPD Non-COPD COPD Non-COPD COPD

Sin DD et al.
2003, Canada

4,559 2,070 63 67 1,860/2,699 1,139/931 8

Valipour A et al.
2008, Austria

30 30 59 60 21/9 21/9 5

Biljak VR et al.
2011, Croatia

51 109 52 71 NR NR 4

Maclay JD et al.
2011, UK

16 18 63 65 16/0 18/0 5

Steiropoulos P et al.
2012, Greece

34 85 60 72 17/17 77/8 4

Stoll P et al.
2012, Germany

17 63 62 64 12/5 39/24 5

Ulasli SS et al.
2012, Turkey

40 47 69 71 26/14 37/10 3

Wang R et al.
2013, China

80 80 70 71 42/38 45/35 3

Wang RT et al.
2013, China

70 70 68 69 34/36 42/28 5

G€unay E et al.
2014, Turkey

50 178 65 65 30/20 126/52 6

Zhang M et al.
2015, China

90 90 62 63 70/20 71/19 5

Agapakis DI et al.
2016, Greece

37 81 62 65 27/10 64/17 4

Demir M et al.
2016, Turkey

84 51 66 66 63/21 46/5 5

Karadeniz G et al.
2016, Turkey

50 60 68 68 38/12 40/20 5

Makhlouf HA et al.
2016, Egypt

40 75 59 62 30/10 60/15 4

Malerba M et al.
2016, Italy

72 403 76 74 43/29 258/145 5

Aleva FE et al.
2017, Netherlands

25 30 53 62 9/16 14/16 4

Farah R et al.
2017, Israel

15 13 NR NR 11/4 9/4 4

Guang Y et al.
2017, China

85 45 85 76 40/45 23/22 5

El-Gazzar AG et al.
2019, Egypt

60 100 57 60 44/16 84/16 5

Hlap�ci�c et al.
2019, Croatia

95 109 64 65 49/46 69/40 5

Şahin F et al.
2019, Turkey

50 110 62 63 45/5 90/20 4

Skoczy�nski et al.
2019, Poland

48 44 62 62 32/16 30/14 5

Çilingir BM et al.
2019, Turkey

159 201 42 65 81/78 121/80 3

Crisafulli et al.
2020, Italy

30 30 76 75 688/562 231/20 5

Zouaoui Boudjeltia K et al. 2020, Belgium 51 109 61 60 12/9 16/26 5
COPD AECOPD COPD AECOPD COPD AECOPD

De Castro J et al.
2007, Spain

15 68 60 68 NR NR 3

Valipour A et al.
2008, Austria

30 62 60 62 21/9 23/7 5

Maclay JD et al.
2011, UK

12 68 68 68 5/7 5/7 5

Ulasli SS et al.
2012, Turkey

47 71 71 71 37/10 37/10 3

Wang RT et al.
2013, China

70 69 69 69 42/28 42/28 5

G€unay E et al.
2014, Turkey

178 67 65 67 126/52 60/31 6

Zhang M et al.
2015, China

90 63 63 63 71/19 71/19 5

Agapakis DI et al.
2016, Greece

81 65 65 65 64/17 64/17 4

Karadeniz G et al.
2016, Turkey

60 67 68 67 40/20 44/6 5

Malerba M et al.
2016, Italy

403 76 74 76 258/145 43/32 5

(continued)
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continent (t¼-0.45; p¼ 0.66), diagnostic guideline (t¼ 0.41;
p¼ 0.69), FEV1/FVC (t¼ 0.16; p¼ 0.87), WBC (t¼ 1.08;
p¼ 0.30), and CRP (t¼-0.02; p¼ 0.99) were not significantly
associated with WMD. However, there was a trend toward
significance between FEV1 and WMD (t¼-1.96; p¼ 0.08).
Sub-group analysis revealed that between-study variance
remained extreme after grouping studies according to diag-
nostic guideline or continent.

PDW
Nine studies, published between 2012 and 2020, investigated
the PDW in 593 non-COPD subjects (mean age 57 years,
62% males) and 938 stable COPD patients (mean age
65 years, 71% males) (Tables 1–3) [23, 28, 29, 32, 33, 35, 39,
40, 42]. The GOLD guidelines were used in all studies. The
forest plot of PDW values in non-COPD and COPD sub-
jects is shown in Figure 4. In four studies, stable COPD
patients had lower PDW values compared to non-COPD
subjects (mean difference range, �1.40 to �0.30%) [29, 35,
39, 42], although the difference was statistically significant
only in two studies [39, 42]. In five studies, stable COPD
patients had higher PDW values compared to non-COPD
subjects (mean difference range, 0.01 to 2.22%) [23, 28, 32,
33, 40], although the difference was statistically significant
only in two studies [33, 40]. Pooled results showed that
PDW values were similar in the two groups (WMD ¼
0.19%, 95% CI �0.47 to 0.85%; p¼ 0.58; statistical power ¼
0.40), with an extreme heterogeneity between studies
(I2¼89.4%; p< 0.001). Sensitivity analysis showed that the
corresponding pooled WMD values were not affected when
each study was in turn removed (effect size ranged between
�0.08 and 0.38%, Supplementary Figure 4). There was no
significant publication bias using the Begg’s (p¼ 0.917) or
Egger’s t-test (p¼ 0.848). As shown in Supplementary Figure
5, there were no significant differences (t¼-1.98; p¼ 0.08) in
pooled WMD values between European (WMD¼-0.46%,
95% CI �0.91 to �0.01%; p¼ 0.043) and Asian studies
(WMD ¼ 0.03%, 95% CI �0.72 to 0.77%; p¼ 0.95),
although the former reported significant differences in
pooled PDW values between stable COPD and non-COPD
subjects. Furthermore, virtually no heterogeneity was
observed in European studies (I2¼0.0%; p¼ 0.64). In meta-
regression analysis, age (t¼-1.62; p¼ 0.15), gender (t¼-0.75;
p¼ 0.48), publication year (t¼-0.61; p¼ 0.56), and WBC
(t¼ 1.68; p¼ 0.14) were not significantly associated with

WMD. Other parameters (BMI, FEV1, FEV1/FVC and CRP)
could not be assessed because of lack of data.

PLR
Four studies, published between 2016 and 2019, assessed the
PLR in 379 stable COPD patients (mean age 64 years, 75%
males) and 255 non-COPD subjects (mean age 63 years, 69%
males) (Tables 1–3) [32, 38–40]. The GOLD guidelines were
used in all studies. The forest plot of PLR values in the two
groups is shown in Figure 5. In all studies, stable COPD
patients had significantly higher PLR values compared to
non-COPD subjects (mean difference range, 15 to 185).
Pooled results showed that PLR values were significantly
higher in stable COPD patients (WMD ¼ 59.52, 95% CI
29.59 to 89.44; p< 0.001; statistical power ¼ 1), with an
extreme heterogeneity between studies (I2¼95.6%;
p< 0.001). Sensitivity analysis showed that the direction of
WMD values was not influenced when each study was in
turn removed (effect size ranged between 35 and 74,
Supplementary Figure 6) even though the study by
Karadeniz et al seemed to have a tangible impact on effect
size [32]. Albeit attenuated, the WMD remained significant
after removing this study (WMD ¼ 35.38, 95% CI 10.58 to
60.16; p< 0.001; I2¼94.6%; p< 0.001). The assessment of
publication bias and meta-regression analysis could not be
performed because of the relatively small number of studies.

Stable COPD vs. AECOPD patients

Platelet count
Twelve studies, published between 2007 and 2020, evaluated
the platelet count in 1,138 stable COPD (mean age 69 years,
62% males) and 732 AECOPD patients (mean age 68 years,
61% males) (Tables 1–3) [20, 22, 25, 27–30, 32, 34, 40, 44,
45]. The GOLD guidelines were used in nine studies [25,
27–30, 32, 34, 40, 44], the ATS/ERS guidelines in two [20,
22], whilst no information was provided in the remaining
study [45]. The forest plot of platelet counts in stable COPD
and AECOPD patients is shown in Figure 6. In three stud-
ies, AECOPD patients had lower platelet counts compared
to stable COPD patients (mean difference range, �32 to
�8� 109/L) [25, 34, 40], although the difference was statis-
tically significant only in one study [25]. In nine studies,
AECOPD patients had higher platelet counts (mean differ-
ence range, 5 to 60� 109/L) [20, 22, 27–30, 32, 44, 45], how-
ever the difference was statistically significant only in two

Table 1. Continued.

First Author
Year, Country

Number Age (years) Gender (M/F)

NOSNon-COPD COPD Non-COPD COPD Non-COPD COPD

Farah R et al.
2017, Israel

13 NR NR NR 9/4 52/20 4

El-Gazzar AG et al.
2019, Egypt

100 60 60 60 84/16 84/16 5

Şahin F et al.
2019, Turkey

110 65 63 65 20/90 30/110 4

Zouaoui Boudjeltia K et al. 2020, Belgium 42 65 68 65 16/26 16/15 5

Legend: COPD, chronic obstructive pulmonary disease; AECOPD, acute exacerbation of COPD; NOS, Newcastle-Ottawa quality assessment scale for case-con-
trol studies.
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Table 2. Platelet indices assessed in the meta-analysis.

Non-COPD Stable COPD

First Author Platelets MPV PDW PLR Platelets MPV PDW PLR
Year, Country (x109/L) (fL) (%) Mean ± SD (x109/L) (fL) (%) Mean ± SD

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Sin DD et al.
2003, Canada

265 ± 121 – – – 270 ± 178 – – –

Valipour A et al.
2008, Austria

255 ± 80 – – – 269 ± 75 – – –

Biljak VR et al.
2011, Croatia

265 ± 69 8.87 ± 1.61 – – 295 ± 95 9.57 ± 1.62 – –

Maclay JD et al.
2011, UK

196 ± 31 – – – 262 ± 68 – – –

Steiropoulos P et al.
2012, Greece

233 ± 54 9.96 ± 1.10 12.99 ± 6.53 – 227 ± 77 10.69 ± 1.00 13.31 ± 2.27 –

Stoll P et al.
2012, Germany

331 ± 98 – – – 379 ± 161 – – –

Ulasli SS et al.
2012, Turkey

258 ± 43 9.30 ± 0.80 – – 301 ± 30 9.30 ± 1.30 – –

Wang R et al.
2013, China

295 ± 53 10.40 ± 1.10 – – 283 ± 55 9.80 ± 0.90 – –

Wang RT et al.
2013, China

273 ± 69 10.40 ± 1.10 – – 291 ± 73 9.80 ± 0.90 – –

G€unay E et al.
2014, Turkey

215 ± 59 10.10 ± 1.31 16.69 ± 0.73 – 241 ± 73 8.80 ± 1.61 16.70 ± 0.92 –

Zhang M et al.
2015, China

189 ± 47 9.89 ± 1.19 14.00 ± 2.76 – 199 ± 61 10.30 ± 1.24 13.40 ± 2.86 –

Agapakis DI et al.
2016, Greece

219 ± 95 9.10 ± 0.90 – – 227 ± 73 9.30 ± 1.30 – –

Demir M et al.
2016, Turkey

– 7.50 ± 0.90 – – – 8.10 ± 1.50 – –

Karadeniz G et al.
2016, Turkey

225 ± 52 10.08 ± 0.84 12.15 ± 1.94 109 ± 46 287 ± 90 9.56 ± 1.07 12.83 ± 2.55 294 ± 188

Makhlouf HA et al.
2016, Egypt

244 ± 55 8.42 ± 1.09 15.57 ± 1.89 – 266 ± 113 9.04 ± 1.42 17.79 ± 1.47 –

Malerba M et al.
2016, Italy

230 ± 62 8.44 ± 0.78 – – 219 ± 64 8.70 ± 1.00 – –

Aleva FE et al.
2017, Netherlands

261 ± 66 10.20 ± 0.70 12.00 ± 1.60 – 273 ± 103 10.20 ± 0.80 11.70 ± 1.80 –

Farah R et al.
2017, Israel

– 9.20 ± 1.30 – – – 8.60 ± 1.20 – –

Guang Y et al.
2017, China

199 ± 57 – – – 168 ± 59 – – –

El-Gazzar AG et al.
2019, Egypt

– – – 103 ± 4 – – – 157 ± 28

Hlap�ci�c et al.
2019, Croatia

226 ± 48 10.53 ± 0.92 12.93 ± 1.85 117 ± 38 245 ± 48 10.03 ± 0.85 12.37 ± 2.00 132 ± 47

Şahin F et al.
2019, Turkey

233 ± 37 8.79 ± 0.70 14.77 ± 1.95 85 ± 24 257 ± 73 9.56 ± 1.37 15.99 ± 0.85 121 ± 62

Skoczy�nski et al.
2019, Poland

223 ± 63 – – – 231 ± 82 – – –

Çilingir BM et al.
2019, Turkey

258 ± 70 8.40 ± 2.60 18.30 ± 5.70 – 247 ± 83 8.30 ± 1.20 16.90 ± 1.20 –

Crisafulli et al.
2020, Italy

235 ± 92 – – – 239 ± 98 – – –

Zouaoui Boudjeltia K et al.
2020, Belgium

248 ± 68 10.57 ± 1.31 – – 264 ± 68 10.57 ± 1.00 – –

Stable CODP AECOPD
First Author

Year, Country
Platelets
(x109/L)
Mean ± SD

MPV
(fL)
Mean ± SD

PDW
(%)
Mean ± SD

PLR
Mean± SD

Platelets
(x109/L)
Mean ± SD

MPV
(fL)
Mean ± SD

PDW
(%)
Mean ± SD

PLR
Mean± SD

De Castro J et al.
2007, Spain

190 ± 54 – – – 250 ± 63 – – –

Valipour A et al.
2008, Austria

269 ± 75 – – – 276 ± 125 – – –

Maclay JD et al.
2011, UK

290 ± 54 – – – 333 ± 127 – – –

Ulasli SS et al.
2012, Turkey

301 ± 30 9.30 ± 1.30 – – 269 ± 91 8.50 ± 1.03 – –

Wang RT et al.
2013, China

291 ± 73 9.80 ± 0.80 – – 306 ± 81 9.50 ± 0.90 – –

G€unay E et al.
2014, Turkey

241 ± 73 8.80 ± 1.60 16.70 ± 1.20 – 296 ± 76 8.00 ± 1.70 16.80 ± 1.65 –

Zhang M et al.
2015, China

199 ± 61 10.30 ± 1.24 13.40 ± 2.86 – 204 ± 72 11.40 ± 1.45 13.70 ± 3.09 –

(continued)
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studies [28, 45]. Random-effect models were used because of
the substantial heterogeneity between studies (I2¼76.8%;
p< 0.001). Overall, pooled results showed that platelet
counts were non-significantly higher in patients with
AECOPD (WMD ¼ 12.02� 109/L, 95% CI �4.55 to
28.58� 109/L; p¼ 0.16; statistical power ¼ 0.38). In sensitiv-
ity analysis, the effect size was not influenced when each
study was in turn removed (effect size ranged between 5.4
and 16.2� 109/L, Supplementary Figure 7). The Begg’s
(p¼ 0.373) and Egger’s (p¼ 0.754) t-tests showed no signifi-
cant evidence of publication bias. In sub-group analysis,
there were no significant differences (t¼-0.49; p¼ 0.64) in
pooled WMD values between European (WMD ¼
14.69� 109/L, 95% CI �4.08 to 33.45� 109/L; p¼ 0.067)
and Asian studies (WMD ¼ 8.35� 109/L, 95% CI �18.11 to
34.81� 109/L; p¼ 0.54, Supplementary Figure 8) although
the former showed a trend toward a significant difference
between COPD and AECOPD patients. A relatively lower
heterogeneity was observed in European studies (I2¼43.4%;
p¼ 0.116) when compared to Asian studies (I2¼87.0%;
p< 0.001). In meta-regression analysis, age (t¼ 0.78;
p¼ 0.45), gender (t¼ 0.21; p¼ 0.84), publication year (t¼-
1.25; p¼ 0.24), BMI (t¼-0.19; p¼ 0.85), diagnostic guideline
(t¼ 1.63; p¼ 0.13), FEV1/FVC (t¼ 0.43; p¼ 0.69), WBC
(t¼ 0.05; p¼ 0.97), and CRP (t¼-0.63; p¼ 0.55) were not
significantly associated with the WMD. By contrast, FEV1

was significantly associated with the effect size
(t¼ 2.58; p¼ 0.042).

MPV
Ten studies, published between 2012 and 2020, reported
MPV values in 1,094 stable COPD (mean age 69 years, 62%
males) and 747 AECOPD patients (mean age 67 years, 61%
males) (Tables 1–3) [25, 27–30, 32, 34, 36, 40, 44]. The
GOLD guidelines were used in all studies. The forest plot of
MPV values in stable COPD and AECOPD patients is
shown in Figure 7. In seven studies, AECOPD patients had
significantly lower MPV values than stable COPD subjects
(mean difference range, �1.20 to �0.30 fL) [25, 27, 28, 30,
32, 40, 44]. In three studies, AECOPD patients had higher

MPV values (mean difference range, 0.20 to 1.10 fL) [29, 34,
36], with non-significant differences in one study [29].
Overall, pooled results showed a trend toward significantly
lower MPV values in AECOPD patients (WMD¼-0.38 fL,
95% CI �0.81 to 0.05 fL; p¼ 0.084; statistical power ¼ 0.96),
with extreme heterogeneity between studies (I2¼93.1%;
p< 0.001). Sensitivity analysis showed that the correspond-
ing pooled WMD values were not altered when each study
was in turn removed (effect size ranged between �0.55 and
�0.29 fL, Supplementary Figure 9) even though the funnel
plot in Supplementary Figure 10 indicates a possible distor-
tive effect of one study [29]. After removing this study,
pooled results showed that the MPV values were signifi-
cantly lower in patients with AECOPD (WMD ¼-0.55 fL,
95% CI �0.90 to �0.20 fL; p¼ 0.002) but still with extreme
heterogeneity (I2¼88.7%; p< 0.001). No significant publica-
tion bias was detected with the Begg’s (p¼ 0.917) and
Egger’s (p¼ 0.561) t-tests. No differences in effect size, or
changes in heterogeneity, were observed between European
and Asian studies. In meta-regression analysis, age (t¼ 0.11;
p¼ 0.92), gender (t¼-0.38; p¼ 0.71), publication year (t¼-
0.12; p¼ 0.91), and WBC (t¼-0.39; p¼ 0.71) were not sig-
nificantly associated with WMD. Other parameters (BMI,
FEV1, FEV1/FVC and CRP) could not be assessed because
of the lack of data.

PDW
Four studies, published between 2014 and 2019, evaluated
the PDW in 371 AECOPD (mean age 65 years, 55% males)
and 438 stable COPD patients (mean age 64 years, 59%
males) (Tables 1–3) [28, 29, 32, 40]. The GOLD guidelines
were used in all studies. The forest plot for PDW values in
stable COPD and AECOPD patients is shown in Figure 8.
In all studies, AECOPD patients had higher PDW values
compared to controls (mean difference range, 0.10 to 2.40%)
although the difference was statistically significant only in
one study [32]. Pooled results showed that PDW values
were similar in the two groups (WMD ¼ 0.83%, 95% CI
�0.27 to 1.94%; p¼ 0.14; statistical power ¼ 0.55), with
extreme heterogeneity between studies (I2¼87.3%;

Table 2. Continued.

Non-COPD Stable COPD

First Author Platelets MPV PDW PLR Platelets MPV PDW PLR
Year, Country (x109/L) (fL) (%) Mean ± SD (x109/L) (fL) (%) Mean ± SD

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Agapakis DI et al.
2016, Greece

227 ± 73 9.30 ± 1.30 – – 243 ± 55 8.50 ± 0.90 – –

Karadeniz G et al.
2016, Turkey

287 ± 90 9.56 ± 1.07 12.83 ± 2.55 294 ± 188 310 ± 110 8.36 ± 0.72 15.23 ± 2.17 350 ± 209

Malerba M et al.
2016, Italy

219 ± 64 8.70 ± 1.00 – – 211 ± 97 8.90 ± 1.00 – –

Farah R et al.
2017, Israel

– 8.60 ± 1.20 – – – 8.90 ± 1.10 – –

El-Gazzar AG et al.
2019, Egypt

– – – 157 ± 28 – – – 180 ± 22

Şahin F et al.
2019, Turkey

257 ± 73 9.56 ± 1.37 15.99 ± 0.85 121 ± 62 241 ± 82 8.56 ± 1.07 16.59 ± 9.29 190 ± 138

Zouaoui Boudjeltia K et al. 2020, Belgium 264 ± 68 10.60 ± 1.00 – – 271 ± 81 10.20 ± 0.60 – –

Legend: COPD, chronic obstructive pulmonary disease; AECOPD, acute exacerbation of COPD; MPV, mean platelet volume, PDW, platelet distribution width; PLR,
platelet to lymphocyte ratio.
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Table 3. Parameters used in meta-regression analysis.

First Author
Year, Country

BMI FEV1/FVC FEV1 (%) WBC (x103mL) CRP (mg/L)
Non-COPD COPD Non-COPD COPD Non-COPD COPD Non-COPD COPD Non-COPD COPD

Sin DD et al.
2003, Canada

27.9 26.2 – – – – 7.0 7.6 7.1 7.7

Valipour A et al.
2008, Austria

26 25 82 39 84 34 – – 2.2 4.0

Biljak VR et al.
2011, Croatia

– – 86 63 105 40 6.8 10.1 6.8 22

Maclay JD et al.
2011, UK

28 26 79 42 102 48 5.3 7.0 1.6 3.2

Steiropoulos P et al.
2012, Greece

– – 85 54 99 42 7.1 10.6 – –

Stoll P et al.
2012, Germany

33.7 27.1 84 47 88 44 8.9 10.0 – –

Ulasli SS et al.
2012, Turkey

27.8 26 79 53 55 123 7.5 7.5 2.5 6.7

Wang R et al.
2013, China

25.2 24.9 – – – – – – 1.6 10

Wang RT et al.
2013, China

25 26 84 47 88 46 6.5 7.3 1.2 8.9

G€unay E et al.
2014, Turkey

– – – – – – 6.3 8.5 12 20

Zhang M et al.
2015, China

24.5 24 96 50 95 53 6.3 6.7 0.4 2.3

Agapakis DI et al.
2016, Greece

– – – – – – 7.4 8.5 5.0 21

Demir M et al.
2016, Turkey

29.7 25.3 98 58 – – – – 4.0 5.0

Karadeniz G et al.
2016, Turkey

– – – – – – 7.3 7.8 – –

Makhlouf HA et al.
2016, Egypt

– – – – – – 7.6 9.6 3.6 11.7

Malerba M et al.
2016, Italy

27.8 28.5 93 51 98 49 7.6 9.6 46 46

Aleva FE et al.
2017, Netherlands

– – 84 43 98 79 6.5 7.0 – –

Farah R et al.
2017, Israel

– – – – – – – – 4.2 16.2

Guang Y et al.
2017, China

– – – – – – 7.4 10.0 – –

El-Gazzar AG et al.
2019, Egypt

26.1 28.6 – – 90 41 – – – –

Hlap�ci�c et al.
2019, Croatia

– – 85 50 94 44 6.2 7.6 1.7 2.7

Şahin F et al.
2019, Turkey

– – – – – – 7.1 9.2 2.4 15

Skoczy�nski et al.
2019, Poland

– – – – – – – – – –

Çilingir BM et al.
2019, Turkey

– – – – – – 11.8 10 – –

Crisafulli et al.
2020, Italy

– – – – – – 12.8 13.4 – –

Zouaoui Boudjeltia K et al.
2020, Belgium

25 26.1 – – – – 6.6 8.6 1.3 3.3

COPD AECOPD COPD AECOPD COPD AECOPD COPD AECOPD COPD AECOPD

De Castro J et al.
2007, Spain

25.4 25 85 57 88 45 – – – –

Valipour A et al.
2008, Austria

25 25 42 39 34 34 – – 4.0 12.6

Maclay JD et al.
2011, UK

26 24 42 42 48 39 7.9 14.8 3.0 41

Ulasli SS et al.
2012, Turkey

26 26 – – – – 7.5 9.6 6.7 46.3

Wang RT et al.
2013, China

26 26 47 41 46 35 7.3 12.2 9.1 22.7

G€unay E et al.
2014, Turkey

– – 62 59 55 49 8.5 9.0 2.0 4.0

Zhang M et al.
2015, China

24 24 – – – – 6.7 9.7 1.9 11.2

Agapakis DI et al.
2016, Greece

– – – – 55 48 8.5 10.5 2.1 3.9

Karadeniz G et al.
2016, Turkey

– – – – 56 39 7.6 13.6 – –

Malerba M et al.
2016, Italy

28.5 26.9 51 56 49 26 9.6 10.6 46 42

(continued)
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Table 3. Continued.

First Author
Year, Country

BMI FEV1/FVC FEV1 (%) WBC (x103mL) CRP (mg/L)
Non-COPD COPD Non-COPD COPD Non-COPD COPD Non-COPD COPD Non-COPD COPD

Farah R et al.
2017, Israel

– – – – – – – – 16.2 39.7

El-Gazzar AG et al.
2019, Egypt

26.1 26.1 – – – – – – – –

Şahin F et al.
2019, Turkey

– – – – – – 9.2 13.6 15 85

Zouaoui Boudjeltia K et al. 2020, Belgium 26 25 45 52 29 35 8.6 10.1 3.0 21.5

Legend: COPD, chronic obstructive pulmonary disease; AECOPD, acute exacerbation of COPD; BMI, body mass index; CRP, C-reactive protein; FEV1, forced expira-
tory volume in the 1st second; FVC, forced vital capacity; WBC, white blood cell count.

Figure 3. Forest plot of studies examining the MPV in stable COPD patients and non-COPD subjects.

Figure 4. Forest plot of studies examining the PDW in stable COPD patients and non-COPD subjects.

COPD: JOURNAL OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE 239



p< 0.001). Sensitivity analysis showed that the direction of
pooled WMD values was not altered when each study was
in turn omitted (effect size ranged between 0.14 and 1.13%,
Supplementary Figure 11) even though the study of
Karadeniz et al seemed to exert an important effect on the
effect size [32]. After removing this study, the PDW values
remained similar in the two groups (WMD ¼ 0.14%, 95%
CI �0.14 to 0.41; p¼ 0.33), with virtual disappearance of
between-study heterogeneity (I2¼0.00%, p¼ 0.76).
Assessment of publication bias and meta-regression analysis
was not possible because of the small number of studies.

PLR
Three studies, published between 2016 and 2019, investi-
gated the PLR in 290 AECOPD (mean age 64 years, 54%

males) and 270 stable COPD patients (mean age 63 years,
53% males) (Tables 1–3) [32, 38, 40]. The GOLD guidelines
were used in all studies. The forest plot for PLR values in
AECOPD and stable COPD patients is shown in Figure 9.
In all studies, AECOPD patients had higher PLR values
compared to stable COPD subjects (mean difference range,
23 to 69), and in two the difference was statistically signifi-
cant [38, 40]. Pooled results showed that the PLR values
were significantly higher in AECOPD patients (WMD ¼
46.03, 95% CI 7.70 to 84.35; p¼ 0.02; statistical power ¼
0.95), with extreme heterogeneity between studies
(I2¼83.5%; p¼ 0.002). Sensitivity analysis showed that the
direction of WMD was not altered when each study was in
turn removed (effect size ranged between 23 and 68).
Assessment of publication bias and meta-regression analysis
was not possible because of the small number of studies.

Figure 5. Forest plot of studies examining the PLR in stable COPD patients and non-COPD subjects.

Figure 6. Forest plot of studies examining the platelet count in AECOPD and stable COPD patients.
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Discussion

In our systematic review and meta-analysis, significant dif-
ferences in specific platelet indices were observed between
patients with stable COPD, those with AECOPD, and non-
COPD subjects. In particular, patients with stable COPD
had significantly higher platelet counts and PLR values
when compared with non-COPD controls whereas
AECOPD patients had significantly higher PLR values when
compared with patients with stable COPD. By contrast, no

significant between-group differences were observed with
either MPV or PDW. Despite the extreme between-study
heterogeneity observed for each of the studied platelet
markers sensitivity analysis showed that the overall effect
size was not influenced when individual studies were
removed. Furthermore, no evidence of publication bias was
observed. A number of clinical and demographic parame-
ters, e.g. age, gender, BMI, publication year, guidelines used
for diagnosis, continent where the study was conducted,
FEV1, FEV1/FVC, WBC and C- CRP failed to show

Figure 7. Forest plot of studies examining the MPV in AECOPD and stable COPD patients.

Figure 8. Forest plot of studies examining the PDW in AECOPD and stable COPD patients.
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significant associations with the WMD for each platelet
index, barring a significant association between FEV1 and
platelet count WMD observed in studies comparing stable
COPD and AECOPD patients.

There is increasing evidence that platelets, in addition to
their well-established role in the regulation of hemostasis
and coagulation, exert significant effects on inflammation
and immunity control mechanisms through the release of
specific chemicals and microparticles [46–48]. Furthermore,
megakaryocytes, the platelet precursors, can travel from the
bone marrow to the lungs, where they are primarily trapped
in the pulmonary capillaries and the interstitium [49]. As a
result, the lung can account for up to 50% of the total plate-
let production from locally residing megakaryocytes [49].
The potential detrimental effects of alterations in platelet
function on the respiratory system include the loss of tissue
elasticity and structural integrity of the alveoli, the presence
of a sustained prothrombotic state with consequent pulmon-
ary vascular remodeling, and the dysregulation of key hyp-
oxia signaling pathways [50]. For example, there is evidence
from animal studies that the human platelet factor 4 can sig-
nificantly increase the activity of elastase in leukocytes, with
a consequent reduction in lung elastin content of approxi-
mately 20%, loss of lung elasticity, and morphological
changes indicating emphysema [51]. Studies have also
shown increased platelet activation in patients with stable
COPD when compared to non-COPD controls, with conse-
quent release of inflammatory mediators and formation of
platelet-monocyte aggregates [22]. Notably, AECOPD
patients exhibit an even more pronounced platelet activation
when compared to patients with stable COPD [5]. The
release of specific mediators, e.g. through the platelet-
derived growth factor signaling pathway, might contribute
to the development of pulmonary vascular remodeling and
pulmonary hypertension in COPD and other respiratory dis-
eases [52]. Finally, the increased expression of the hypoxia
inducible factor-2a and the synthesis of plasminogen activa-
tor inhibitor-1 by platelets, particularly in the presence of
hypoxia, is also able to trigger a pro-thrombotic and pro-
inflammatory state, with negative consequences on vascular
remodeling and lung function [6, 53, 54]. While the direct
evaluation of these mediators and signaling pathways is not

practical in the routine clinical setting a number of platelet
indices have been developed to investigate platelet homeo-
stasis and function in health and disease. The MPV, origin-
ally used for the investigation of thrombocytopenia, has
been shown to be associated with clinical outcomes in sev-
eral conditions. In particular, an increase in MPV has been
linked with platelet activation, altered thrombotic homeosta-
sis, and arterial and venous occlusive events [7]. Similarly,
an increased PDW has been proposed as a marker of plate-
let activation, coagulation, and vaso-occlusive events [8],
whereas the PLR has been shown to accurately reflect the
shifts in platelet and lymphocyte counts that occur during
inflammatory and pro-thrombotic states in the setting of
various autoimmune conditions and other systemic inflam-
matory states, e.g. cancer [9, 55–57]. In these studies, the
PLR has been shown to significantly correlate with the
degree of systemic inflammation, the severity of the underly-
ing condition, the clinical outcomes, and the possible
response to pharmacological treatment [9]. The results of
our systematic review and meta-analysis showed that the
PLR is a particularly promising platelet index in COPD in
terms of diagnostic accuracy and disease worsening. Albeit
in a relatively small number of studies, stable COPD patients
had higher PLR values than non-COPD subjects and
AECOPD patients had higher PLR values than stable COPD
patients. This suggests an increasing systemic inflammatory
burden, captured by the PLR, with the development of
COPD and its exacerbations. However, the cross-sectional
nature of the studies identified warrants further investiga-
tions regarding the additional diagnostic value and the clin-
ical significance of the temporal variations of the PLR in
this patient group. It is also important to highlight that the
forest plots of the PDW between AECOPD and stable
COPD patients and of the PLR between stable COPD
patients and non-COPD subjects and between AECOPD
and stable COPD patients were derived from a relatively
limited number of studies, mostly by the same research
group, which might introduce another source of bias. In our
meta-analysis, both the MPV and the PDW failed to signifi-
cantly discriminate between stable COPD patients and non-
COPD controls and between stable COPD and AECOPD
patients. In particular, the results obtained for the MPV are

Figure 9. Forest plot of studies examining the PLR in AECOPD and stable COPD patients.
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in agreement with those of a recent systematic review and
meta-analysis that specifically investigated this platelet index
[58]. Furthermore, the platelet count was able to discrimin-
ate between stable COPD patients and non-COPD controls
but not between stable COPD and AECOPD patients. This
is at odds with the results of a study that reported that
thrombocytosis, rather than platelet count, was significantly
associated with AECOPD [59].

The extreme between-study heterogeneity observed limits
the generalizability of the findings. However, it should also
be emphasized that the overall effect size, in terms of WMD
for each of the indices assessed and the comparisons per-
formed (stable COPD vs. non-COPD subjects and AECOPD
vs. stable COPD patients), was not significantly influenced
in sensitivity analysis. Furthermore, we did not observe any
evidence of publication bias. Meta-regression analysis did
not lead to the identification of additional sources of hetero-
geneity, except for the FEV1 in studies investigating the
platelet count in stable COPD and AECOPD patients. It is
possible that other, not adequately reported, factors that are
strongly associated with the presence and the severity of
COPD might have been responsible, at least in part, for the
reported heterogeneity. Two such factors are smoking status
and atherosclerotic cardiovascular disease, which are well-
known to increase platelet activity and aggregation and alter
per se the MPV, PDW and PLR [60–63]. Another potential
source of heterogeneity is related to the lack of standardiza-
tion of the methods and techniques used for assessing the
platelet count and the related indices. This includes differen-
ces in venipuncture techniques, type of anticoagulant used,
storage temperature, period between sampling and analysis,
and type of automated analyzer used [7, 60].

Pending confirmation in large prospective studies, the use
of platelet indices might be useful to further improve diag-
nostic accuracy and risk stratification in COPD.
Furthermore, it might lead to the identification of novel
therapeutic targets in this patient group. This proposition is
supported by the results of a systematic review and meta-
analysis of five studies in 11,117 patients with COPD,
including 3,069 with AECOPD. In this study, the use of
antiplatelet agents was associated with a significant reduc-
tion in all-cause mortality (odds ratio 0.81, 95% CI 0.75 to
0.88). Notably, the beneficial effects of this class of drugs
were independent of AECOPD, ischemic heart disease, use
of cardiovascular drugs, and cardiovascular risk factors [64].
In conclusion, our systematic review and meta-analysis has
shown that specific platelet indices, particularly the PLR,
might assist with COPD diagnosis and risk stratification.
Larger prospective studies, ideally following rigorous and
consistent procedures for sample collection and analysis, are
now required to support the clinical use of platelet indices
for the management of patients with COPD.
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