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Abstract

Platelet distribution width has been recognized as risk predictors of idiopathic pulmonary arterial hypertension. This study aims to
investigate whether in-hospital platelet distribution width would be useful to predict all-cause death in patients with severe
pulmonary hypertension due to chronic lung diseases (CLD-PH). Early in-hospital platelet distribution width was measured in
67 severe CLD-PH patients who were confirmed by right heart catheterization and followed up. Event-free survival was estimated
using the Kaplan—Meier method and analyzed with the log-rank test. Cox proportional hazards models were performed to
determine the association between the platelet distribution width level and all-cause death. During median of 2.4 (2.5, 3.7)
years of follow-up, 44 patients died. A significant association was noted between in-hospital platelet distribution width level
and the adjusted risk of all-cause mortality (hazard ratio: 1.245; 95% confidence interval: 1.117-1.386, P < 0.001). Compared with
those with platelet distribution width <16.1%, the hazard ratio for all-cause death increased by 5.278 (95% confidence interval:
2.711-10.276, P < 0.0001) among patients with platelet distribution width >16.1%. Higher levels of platelet distribution width
were also associated with increased risk of all-cause death. In-hospital platelet distribution width was independently associated
with all-cause death in patients with severe CLD-PH. This potentially could be used to estimate the severity of severe CLD-PH.
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Introduction

Pulmonary hypertension (PH) is a common complication of
chronic lung diseases (CLD) and often progresses to right
heart failure (RHF) and death.'? According to hemody-
namics,”® PH in CLD is classified into mild PH (mean pul-
monary artery pressure (mPAP) >25 mmHg) and severe PH
(mPAP >35mmHg or 25mmHg < mPAP < 35mmHg with Corresponding authors:
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generally progress to RHF and death.>* Currently, studies
regarding severe CLD-PH survival are sparse. Thus, we
explored the risk factors that may affect the prognosis of
severe CLD-PH.

Recently, Mark R Looney et al.” identified that the lungs
made substantial contributions as a primary site of terminal
platelet production and an organ with considerable hema-
topoietic potential, accounting for approximately 50% of
total platelet production or 10 million platelets per hour.
Idiopathic pulmonary arterial hypertension (IPAH) patients
with a lower platelet level before treatment had a higher
mortality rate than those with a higher platelet level.®’
The platelet distribution width (PDW), in addition to serv-
ing as a marker of platelet activation, has been reported
to increase in PAH associated with congenital heart dis-
eases® ' and IPAH,'"" and could help to predict disease
severity as well.

Therefore, the objective of this study was to investigate
the value of PDW in predicting survival in patients with
severe CLD-PH.

Methods

Study design and patients

This is a retrospective study. We included patients accord-
ing to the following criteria: (1) suspected PH associated
with CLD;'? (2) diagnosis of CLD confirmed by experi-
enced specialists according to the appropriate guide-
lines;'*'* (3) “severe PH” diagnosed by right heart
catheterization (RHC); and (4) blood sample and RHC
within seven days at a clinically stable stage. The
established diagnosis of “severe PH” was in accordance
with the following criteria:>® mPAP >35mmHg or
25mmHg < mPAP < 35mmHg with CI <2.0 L/min/m* or
PVR >6 Wood units. Patients were excluded if they were
(1) diagnosed with other types of PH as per the NICE cri-
teria;'? (2) on anticoagulant or antiplatelet drug therapy
including aspirin on admission; and (3) they lacked a
blood sample or RHC at a clinically stable stage. Finally,
67 patients with severe CLD-PH were enrolled in Shanghai
Pulmonary Hospital from 2009 to 2014. Clinical data were
obtained in the process of routine clinical care and collected
from hospital records.

This study was conducted in accordance with the
amended Declaration of Helsinki. The Institutional Ethics
Committee of Shanghai Pulmonary Hospital approved the
protocol (K08-015C), and written informed consent was
obtained from all patients.

Assessment of patients

Demographic variables such as sex, age, body mass index,
pulmonary function test (PFT), echocardiography, and
RHC parameters were obtained at baseline. RHC was per-
formed as described previously.'> The baseline

hemodynamic variables evaluated included mPAP, right
arterial pressure, pulmonary artery wedge pressure, cardiac
output, CI, and PVR. Transthoracic echocardiography was
performed as described previously.'®

Blood samples. Blood samples were obtained in the nonfast-
ing state on the second day after admission to the hospital.
The blood sample for PDW measurement was collected in
2-mL dipotassium EDTA tubes. Whole blood samples were
processed via an automatic blood counter (ACL top 700;
Beckman Corporation, USA). A technician who was
blinded to the patients’ data performed the blood test
within 30 min. The reference values for PDW ranged
between 9.0% and 17.0%.

Outcomes

The main outcome was the time from the date of blood
sampling to the occurrence of all-cause death. All patients
were followed up until death, or through 30 April 2019,
whichever occurred first. We had an established PH data-
based in our center. Data were obtained during follow-up or
by telephone interview. Specific events were confirmed
through medical records, death certificates, or confirmation
provided by immediate family members.

Statistical analysis

The results are expressed as the mean with standard devia-
tion or median (and interquartile range) for continuous var-
iables and as absolute numbers for categorical variables.
The receiver-operating characteristic (ROC) method was
used to assess the cutoff of the PDW level in predicting
all-cause death. Comparisons were performed using
independent-sample t-test or Mann—Whitney U tests for
continuous variables and chi-square tests for categorical
variables among patients grouped by the cutoff PDW
value. Pearson or Spearman correlation tests were per-
formed to assess correlations between variables of interest
and the PDW level. The multivariable-adjusted hazard
ratios (HRs) and 95% CI for all-cause mortality were
used in a Cox proportional hazards regression analysis
after adjustments for covariates. In a multivariate model,
PDW was adjusted for CI. Survival curves were plotted
using the Kaplan—Meier method and analyzed with the
log-rank test. The Bonferroni method for correcting the sig-
nificance level for multiple comparisons was applied. All
tests were two-tailed.

All statistical methods were performed using SPSS 21.0
software  (SPSS Inc., Chicago, IL, USA) and
GraphPad Prism 5.04 software (GraphPad Software, Inc.,
San Diego, CA).
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Results

Characteristics of participants

A total of 67 patients with severe CLD-PH matched the
inclusion criteria. The mean age at diagnosis was 58.0 +
1.6 years, with a male preponderance of 56.7% (Table 1).
PDW ranged from 10.0% to 21.3% with a median of
14.3%, and 22 (32.8%) had a PDW level >16.1%. The
median follow-up was 2.4 (2.5, 3.7) years with a maximal
duration of 7.1 years. During follow-up, 44 (65.7%) patients
died, and no patients underwent lung transplantation. No
patient was lost to follow-up, giving us a 100% follow-up
rate. In-hospital PDW was significantly higher in nonsurvi-
vors (n=44) than in survivors (n=23) (15.6+3.3% vs.
13.04+1.8%, P=0.004; Fig. 1). Based on the cutoff value
of the ROC curve, all the patients were divided into
two groups: PDW >16.1% group (n=22) and the

PDW < 16.1% group (n=45). Table 1 presents the demo-
graphic, PFT, hemodynamic and echocardiographic data of
the two groups. In our study, 25 variables initially were
compared between the PDW >16.1% group and the

25 P =0.04
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=
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Survivors No-survivors

Fig. |I. The box and whiskers of baseline PDWV values between sur-
vivors and nonsurvivors. PDWV: platelet distribution width.

Table |I. Demographic characteristics, pulmonary function test results, hemodynamics, and echocardiography parameters of patients.

All patients PDW > 16.1% PDW < 16.1%
N =67 N =22 N =45 P
Age (years) 58.0+ 129 58.1 £13.2 580+ 129 0.963
Male (n, %) 38 (56.7) 13 (81.3) 25 (49.0) 0.189
BSA (m?) 1.58+0.20 1.58+0.20 1.59+0.20 0.989
COPD 14 (63.6) 12 (75.0) 23 (51.1) 0.337
Bronchiectasis 12 (16.1.9) 4(18.2) 8 (17.8) 0.968
ILD 6 (9.0 2 (9.1) 4 (8.9) 0.978
Others 12 (20.9) 2 (9.1) 10 (22.2) 0.191
Pulmonary function test
FEV1% predicted 32.4 (24.0, 44.0) 35.0 (25.8, 43.7) 31.5 (24.0, 47.9) 0.828
FEVI/FVC % predicted 47.4 (42.8, 56.1) 43.3 (36.3,51.5) 48.8 (43.7, 59.7) 0.063
RV % predicted 204.1 =80.4 230.5+99.3 197.1 £74.8 0.272
TLC % predicted 113.6£29.3 126.6 =31.0 110.1 £28.3 0.136
DLCO % predicted 40.9 (27.9, 56.2) 26.0 (23.9, 48.7) 42.0 (30.0, 58.5) 0.090
Hemodynamics
mPAP (mmHg) 46.0 (42.0, 55.0) 49.0 (42.0, 58.3) 46.0 (41.5, 54.0) 0411
PAWP (mmHg) 9.8+4.0 10.0+3.9 9.7 +4.1 0818
CO (L/min) 4.6 (4.0,5.7) 42 (39,54) 47 (4.3,6.2) 0.063
Cl (L/min/m?) 3.1 (2.6, 3.7) 2.8 (2.5, 3.6) 32 (27,3.7) 0.159
PVR, Wood units 8.0 (6.3, 10.2) 9.1 (6.5, 10.7) 7.5 (5.9, 9.5) 0.149
Echocardiography
LVEF (%) 70.9+£9.0 70.6 £9.9 70.8+88 0.923
RATD (cm) 4.8 (4.3,5.5) 5.3 (4.6, 5.9) 4.7 (4.3, 5.5) 0.112
RALD (cm) 52 (43,5.9) 5.5 (5.0, 6.2) 5.1 (43, 5.9) 0.131
RVEDTD (cm) 43 (3.8,5.0) 4.4 (4.0, 53) 42 (3.8, 49) 0.319
RVEDLD (cm) 6.6+0.9 6.8+0.6 65+ 1.0 0.197
PASP (mmHg) 762+22.6 80.6 £26.5 74.0+£20.4 0.265
TAPSE (cm) 1.7 (1.5, 1.9) 1.7 (1.4, 1.9) 1.8 (1.6, 2.0) 0.220
ENDSEI 1.3 (1.0, 1.5) 1.4 (1.1, 1.8) 1.2 (1.0, 1.4) 0.079

Values are mean =+ standard deviation, median (interquartile interval) or n (%). CO: cardiac output; COPD: chronic obstructive pulmonary diseases; ILD: interstitial
lung disease; mPAP: mean pulmonary artery pressure; RAP: right atrial pressure; PAWP: pulmonary artery wedge pressure; PVR: pulmonary vascular resistance;
FEV|: forced expiratory volume in | s; FVC: forced vital capacity; RV: residual volume; TLC: total lung capacity; DLCO: diffusion capacity for carbon monoxide of
the lung; PDW: platelet distribution width. Others included pulmonary lobectomy, chest deformity, lung destruction due to tuberculosis, pneumoconiosis,
combined pulmonary fibrosis and emphysema. RVEDTD: right ventricular end-diastolic transverse dimension; RVEDLD: right ventricular end-diastolic longitudinal
dimension; RATD: right atrial transverse dimension; RALD: right atrial longitudinal dimension; PASP: pulmonary arterial systolic pressure; ENDSEI: end-systolic
stage eccentricity index; TAPSE: tricuspid annular plane systolic excursion; LVEF: left ventricular ejection fraction.
*When the Bonferroni method was employed for correcting for the significance level for 25 comparisons made in this study, the adjusted significant level was 0.002.
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PDW < 16.1% group; therefore, when Bonferroni’s correc-
tion of the significance level (P <0.05) was applied, the
adjusted significance level was 0.002. Consequently, all of
the results of these comparisons became statistically insig-
nificant. No statistically significant differences were
observed in the demographics, etiology, hemodynamics,
PFT, or echocardiography between the two groups
(Table 1).

Correlation between the in-hospital PDW level and PFT,
hemodynamics, echocardiographic parameters, and
all-cause death

Despite of the statistical trend, the right atrial transverse
dimension showed no significant correlation with PDW in
severe CLD-PH patients after Bonferroni correction
(P <0.002) (Supplementary Table). Univariate Cox regres-
sion analysis revealed that in-hospital PDW (HR =1.245,
95% CI: 1.121-1.384, P < 0.001), CI (HR =0.659, 95% CI:
0.454-0.958, P=0.029), and COPD (HR =2.357, 95% CI:
1.258-4.416, P=0.007) were found to predictors of the risk
of all-cause death in patients with severe CLD-PH.

In  multivariate  Cox  regression analysis, PDW
(HR=1.245, 95% CI: 1.117-1.386, P<0.001) and CI
(HR=0.667, 95% CI: 0.455-0.978, P=0.038) were inde-
pendently associated with all-cause death (Table 2).
Adjusted by CI, in comparison with patients with a PDW
level < 16.1%, the HR for all-cause death among patients
with a PDW above >16.1% increased by 5.278 (95% CI:
2.711-10.276, P <0.0001) (Table 3).

PDW difference in survival assessment

There were 44 all-cause death events during a median
follow-up period of 2.4 (2.5, 3.7) years. The overall event-
free survival rate was 82.2% and 40.9% for the first year;
71.1% and 27.3% during the second year; and 68.9% and
9.1% for the third year for the PDW < 16.1% and PDW
>16.1% subgroups, respectively.

The overall event-free survival rate was significantly dif-
ferent between the two groups, with a log-ranked P-value
<0.001 (Fig. 2).

Table 2. Cox proportional hazards regression analysis for all-cause death in patients with severe CLD-PH.

Univariate analysis

Multivariate-adjusted analysis

HR (95% CI)

P-value HR (95% Cl) P-value

Gender
COPD

0.696 (0.381-1.271)
2357 (1.258-4.416)

Red blood cell (x10'?/L)
White blood cell (x 10°/L)
Platelet (x 10%/L)

Red blood cell distribution Width (%)
PDW (%)

Platelet crit (%)

Mean platelet volume (fl)
FEVI/FVC % predicted
DLCO % predicted

mPAP (mmHg)

PVR (Wood units)

Cl (L/min/m?)

RATD (cm)

1.187 (0.829-1.689)
0.932 (0.840-1.033)
0.996 (0.991-1.001)
1,027 (0.979-1.076)
1.245 (1.121-1.384)
0.006 (0.000-0.881)
0.992 (0.934-1.053)
0.973 (0.935-1.012)
0.999 (0.982-1.016)
1.016 (0.986—1.047)
1.065 (0.994—1.141)
0.659 (0.454-0.958)
1.102 (0.837—1.405)

0.239
0.007
0.350
0.179
0.089
0.273
<0.001
0.044
0.786
0.717
0.892
0.239
0.074
0.029
0.491

1.245 (1.117-1.386) <0.001

0.667 (0.455-0.978) 0.038

HR: hazard ratio; Cl: confidence interval; mPAP: mean pulmonary arterial pressure; PVR: pulmonary vascular resistance; Cl: cardiac index; CLD-PH: pulmonary
hypertension due to chronic lung diseases; PDWV: platelet distribution width; PCT: platelet crit; MPV: mean platelet volume; FEV|: forced expiratory volume in | s;
FVC: forced vital capacity; DLCO: diffusion capacity for carbon monoxide of the lung; RATD: right atrial transverse dimension; COPD: chronic obstructive

pulmonary diseases.

Table 3. Multivariate-adjusted hazard ratios for the association between PDW and all-cause death.

Unadjusted Cardiac index adjusted
PDW category No. of events Hazard ratio 95% Cl P-value Hazard ratio 95% Cl P-value
PDW < 16.1% 22/45 Ref. Ref.
PDW > 16.1% 22/22 5.464 2.829-10.553 <0.0001 5.278 2.711-10.276 <0.0001

PDW: platelet distribution width; Cl: confidence interval.
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PDW < 16.1%

60
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Log-rank test P < 0.0001

20 PDW 2 16.1%

Number at risk
PDW<16.1% 45 37 32 31 26 23 23 23
PDW216.1% 22 9 6 2 0 0 0 0

Fig. 2. Kaplan—Meier all-cause mortality survival plots by the cutoff
value of ROC curve.

Discussion

PDW reflects the variability in the size of circulating plate-
lets and is routinely reported by automated laboratory
equipment. We found an independent association between
the early in-hospital PDW value and the risk of all-cause
death in patients with severe PH-CLD, most of whom had
PDW levels within the normal range. Adjustment for mul-
tiple potential confounders did not eliminate the association
between higher PDW levels and all-cause death. These find-
ings are notable given that PDW is widely available to clini-
cians as part of the complete blood count.

PDW is a convenient indicator for assessing platelet
function that reflects the platelet production rate and acti-
vation. Activation of platelets causes morphological
changes, including pseudopodia formation. Progressively
activated platelets with pseudopodia formation have hetero-
geneous sizes and may increase PDW accordingly.'®!’

The association of PDW with survival may be hypothet-
ically linked with hypercoagulation, which plays a signifi-
cant role in conditions associated with survival in COPD'®
and acute myocardial infarction.'”?° Previously, PDW was
found to increase in tumors (cervical and hepatocellular
carcinoma,?'** breast and gastric cancer’*) and inflam-
matory disorders (sepsis®> and acute pancreatitis®®) and was
identified as a predictor for survival. Similarly, PDW has
also been reported to be elevated in IPAH patients.'
However, instead of predicting prognosis in pulmonary
arterial hypertension (PAH), it could partially reflect dis-
ease severity. Conversely, in the present study, PDW pre-
dicted prognosis in patients with severe CLD-PH but did
not correlate with CI, mPAP, or PVR. This could be
explained by the heterogencity between severe CLD-PH
and TPAH.*?*” To the best of our knowledge, this is the
first demonstration that a higher PDW could predict mor-
tality in patients with severe CLD-PH.

The cause of enhanced PDW in pulmonary diseases is
not well understood. The chronic coagulation activation

state, partly due to being platelets exposed to microtrauma
in the pulmonary vasculature or yet unknown factors in
CLD-PH, leads to an increase in PDW. Additionally, hyp-
oxic pulmonary vasoconstriction with platelet activation,
which causes morphological changes, including changes in
platelet size, further provokes micro trauma and platelet
activation. Whether any component within these morpho-
logically altered platelets, particularly thromboxane-like
compounds which are known vasoconstrictors, plays a pro-
vocative role in increasing PDW may be a point of debate
and is just speculation on our part, as it is not a main point
of study of this paper. The mechanism of PAH is complex
and has multiple etiologies. Platelets are involved in throm-
botic pulmonary vascular lesions, chronic vasoconstriction,
and pulmonary vascular remodeling in PH. Inflammatory
processes are increasingly recognized as major pathogenic
components of pulmonary vascular remodeling.”® Systemic
inflammation, thrombotic microangiopathies, and immune
dysfunction which were reported in patients with PAH
might also cause platelet activation.”” However, Looney
et al. identify the lungs as a primary site of terminal platelet
production and an organ with considerable hematopoietic
potential.® Despite the chicken or the egg analogy, the exact
cause of increased PDW in CLD-PH remains an interesting
clinical debate.

Study limitations

Some potential limitations should be acknowledged. First,
this was a clinical study, and thus, the underlying patho-
physiological mechanisms might only be speculative.
Second, we did not investigate the causes of the increased
PDW values. Third, the study population is small. Further
large-scale prospective studies are warranted to clarify the
potential role of PDW in predicting all-cause death events.

Conclusion

We found an independent relation between high levels of
PDW and the risk of all-cause death in severe CLD-PH
patients. As it can be simply and rapidly measured from
routine blood examination, should our results be confirmed
in larger samples, PDW may prove to be a widely available,
inexpensive, and repeatable prognostic marker.
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