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Abstract

The aim of this study was to investigate the utility of red blood cell distribution width (RDW) as a simple and readily available
marker of occurrence of pulmonary arterial hypertension (PAH) in patients with systemic sclerosis (SSc). One hundred and forty-
five consecutive patients with SSc were recruited to the single-center cross-sectional study. Demographic characteristics, hema-
tological parameters, Modified Rodnan Skin Score, and World Health Organization functional classification were determined.
Diagnosis of PAH was based on screening by echocardiography and was confirmed by right heart catheterization. Interstitial lung
disease (ILD) was diagnosed based on chest high-resolution computed tomography findings. There were no significant differ-
ences in gender, age, or disease duration between limited and diffused SSc groups. PAH was detected in 28 of 1cSSc (33.3%) and
14 of dcSSc (23.0%) subjects. Patients with higher RDW values were more likely to be men with high anti-ul RNP titers and
PAH. A significant correlation was found between RDW and high-sensitivity C-reactive protein (p =0.375, p <0.01) and the
diffusing capacity of the lungs for carbon monoxide (p =—10.396, p < 0.01). The SSc-PAH group had significantly higher RDW
values compared to the SSc group without pulmonary disease (15.7 £2.2 and 13.7 + 1.0, p < 0.001). The mean RDW in the SSc-
PAH-ILD group was significantly higher than that in the SSc-ILD group (16.3 £2.2% and 14.0 £ 1.5%, p <0.001). Besides the
recognized risk factors, high RDW was an independent predictor of PAH in patients with SSc (OR =3.314 [95%CI 1.038-
10.580], p < 0.05). RDW may be a related factor for identifying the pulmonary arterial hypertension in SSc patients.
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Introduction

Pulmonary arterial hypertension (PAH) is a leading cause of
death in patients with both limited and diffuse systemic scle-
rosis (SSc). Through screening echocardiography, approxi-
mately 15-30% of these patients will develop PAH during
their lifetime [1, 2]. Despite advances in treatment options
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for PAH, long-term prognosis remains poor for SSc-
associated PAH (SSc-PAH). Earlier detection and intervention
may have a favorable effect on the management of patients
with SSc-PAH; however, there are no pathognomonic features
that easily identify SSc-PAH. Identification of risk factors or
predictors of the development of PAH in individuals with SSc
would allow earlier diagnosis and introduction of specific
therapy for PAH at a time when it is most likely to be effective.

Red blood cell distribution width (RDW) is one of the RBC
indices, which quantifies variation in circulating red blood cell
size, pointing to the degree of anisocytosis in the complete
blood count. It is an automated measure that is performed rou-
tinely as part of a complete blood cell count. Besides iron-
deficiency anemia, thalassemia, and myelodysplastic syn-
drome, elevated RDW can be indicative of inflammation and
nutritional deficiencies, pulmonary impairment [3], and renal
failure [4]. Some previous studies have shown its usefulness as
an adverse prognostic marker in patients with cardiovascular
disease [5, 6], particularly those with left heart failure.
Furthermore, increased RDW has been reported to be

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10067-017-3918-9&domain=pdf
mailto:zengxfpumc@163.com

980

Clin Rheumatol (2018) 37:979-985

independently associated with death in patients with idiopathic
PAH [7, 8]. A recent study demonstrated that higher RDW
levels may be correlated with worsening of cardiopulmonary
manifestations in patients with SSc [9]. No study to date has
examined the association of RDW with PAH in SSc patients.

We hypothesized that elevated RDW levels may be asso-
ciated with PAH in both diffuse and limited SSc patients and
may serve as a potent predictor of this complication. The aim
of this single-center, cross-sectional study was to investigate
the utility of RDW as a simple and readily available associated
factor of PAH in SSc patients.

Materials and methods
Study population

Patients diagnosed with SSc (according to the ACR criteria) [10]
who were admitted to the Rheumatology Division of Peking
Union Medical College Hospital (PUMCH) from May 2008 to
April 2012 were included. The limited (IcSSc) and diffuse
(dcSSc) SSc subsets were based on the extent of skin involve-
ment [ 11]. Patients with renal insufficiency, previous evidence of
clinically relevant left heart disease, cerebrovascular diseases,
pernicious anemia, malnutrition, blood transfusion, or systemic
inflammatory response syndrome were excluded. Renal insuffi-
ciency is defined as serum creatinine greater than 1.5 mg/dL in
men and greater than 1.2 mg/dL in women. Malnutrition is de-
fined as body mass index lower than 18.5 kg/m?. The study was
approved by the medical ethics committee of Peking Union
Medical College Hospital and was conducted in accordance with
the Declaration of Helsinki principles and followed the
International Conference on Harmonisation Guideline for
Good Clinical Practice. Written informed consent was obtained
from all the patients.

Data collection

Demographic characteristics and comorbid conditions were
recorded at baseline. Hematological parameters, including
complete blood count, RDW, mean cell volume, hematocrit
(HCT), creatinine (Cr), and blood urea nitrogen (BUN), were
measured using an automatic hematology system. The normal
reference range for RDW is 11-14.6% in our laboratory. In
addition, erythrocyte sedimentation rate (ESR), high-
sensitivity C-reactive protein (hsCRP), anti-nuclear antibody
(ANA), anti-ulRNP, anti-DNA topoisomerase (anti-topo I),
and anti-centromere antibody (ACA) were measured.
Modified Rodnan Skin Score (MRSS), as well as the 6-min
walk distance (6MWD) and World Health Organization
(WHO) functional classification, was determined on the same
day as blood sample collection.
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Each SSc patient underwent high-resolution CT (HRCT)
scan of the lungs and pulmonary function tests for the evalu-
ation of ILD. Pulmonary function tests [forced vital capacity
(FVC%) percent predicted, total lung capacity (TLC%) per-
cent predicted, and diffusion capacity (DLCO%) percent pre-
dicted] were obtained according to standard procedures. ILD
was diagnosed based on chest HRCT findings including
ground-glass opacities, honeycombing, septal thickening, ir-
regular linear opacities, traction bronchiectasis, and
bronchiolectasis [12, 13]. FVC 50-70% of predicted and
FEV1/FVC>0.7 on spirometry were defined as a moderate
restrictive pattern, and FVC < 50% of predicted was defined
as severe restriction.

Echocardiography was performed on all patients according
to the standards of the American Society of Echocardiography
by experienced cardiologists (who were blinded to the study
protocol). If an estimated systolic pulmonary arterial pressure
(sPAP) >36 mmHg was measured by echocardiography, pa-
tients would undergo right heart catheterization (RHC).
Various hemodynamic parameters, including pulmonary arte-
rial pressure (PAP), pulmonary arterial wedge pressure
(PAWP), cardiac outputs (CO), and pulmonary vascular resis-
tance (PVR), were measured according to the clinical guide-
lines [14]. According to the 2015 European Society of
Cardiology/European Respiratory Society guidelines, PAH is
defined as mean pulmonary artery pressure >25 mmHg at
rest, pulmonary artery wedge pressure < 15 mmHg, and pul-
monary vascular resistance (PVR) > 3 Wood units, as assessed
by RHC. Exclusion criteria were evidence of pulmonary ve-
nous hypertension (pulmonary capillary wedge pressure >
15 mmHg) and chronic thromboembolic disease.

Statistical analysis

Continuous variables were expressed as mean +SD or me-
dians (interquartile ranges), and categorical variables as num-
bers and percentages. The distribution of values was assessed
using the Kolmogorov-Smirnov test. Continuous and categor-
ical characteristics were compared using Student’s ¢ test and
Fischer’s exact test, respectively.

Patients were stratified according to the tertiles of RDW
levels (< 13.6, 13.6-14.6, and > 14.6%) and clinically relevant
differences were evaluated by the Kruskal-Wallis analysis of
variance (ANOVA) test or the Fischer’s exact test, as appro-
priate. The receiver operating characteristic (ROC) curve anal-
ysis was used to assess the predictive value of the RDW. The
ROC area under the curve (AUC) formed the criterion for
assessing the discriminatory ability of the model.

To explore which factors were most influential in SSc as-
sociated with PAH, logistical regression with stepwise selec-
tion was used. Correlations between RDW and the other lab-
oratory and hemodynamic variables were determined using
Spearman’s correlation coefficient. A p < 0.05 was considered
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statistically significant. Statistical analyses were performed
using SPSS statistics version 22.0 (IBM, Armonk, NY, USA).

Results
Demographics and clinical characteristics

One hundred and fifty consecutive patients with SSc were re-
cruited to the study; five patients were excluded from the anal-
ysis because of incomplete clinical data. The remaining 145
patients were analyzed. Demographic data and general clinical
manifestations are shown in Table 1. The mean age of patients
with SSc was 43.6 £+ 11.5 years. There were no significant dif-
ferences in gender, age, disease duration, BMI, or antibody
profiles between lcSSc and deSSc groups. PAH was detected
in 28 of 1cSSc (33.3%) and 14 of dcSSc (23.0%) subjects.

Clinical characteristics of patients according to the tertile of
RDW are presented in Table 2. Patients with higher RDW
values were more likely to be men, have a significantly higher
titer of anti-ulRNP and PAH, and a lower titer of anti-
topoisomerase | antibodies.

RDW and inflammatory markers

Notably, there were strong, graded increases in ESR and
hsCRP across RDW tertiles; both parameters were up to two-
fold higher in the highest tertile versus those in the lowest

tertile of RDW (Table 2). A significant correlation was found
between RDW and hsCRP (p =0.375, p<0.01).

RDW and respiratory markers

The patients in the highest RDW ftertile (> 14.6%) had the lowest
DLCO% compared to patients in the normal range (13.6-14.6%)
and in the lowest tertile (< 13.6%) (Table 2). The DLCO showed a
negative correlation with RDWat baseline (p = — 0.396; p = 0.000).

RDW in different lung impairment in SSc patients

Comparison of RDW values between the four groups of SSc
patients stratified according to the degree of lung impairment is
shown in Fig. 1. SSc patients with PAH had significantly higher
RDW values compared to SSc patients without pulmonary dis-
ease (15.7£2.2% vs 13.7£1.0%, p < 0.001). The mean RDW
values were significantly higher in the SSc-PAH-ILD group,
compared with the SSc-ILD group: 16.3+2.2% and 14.0 +
1.5%, respectively (p < 0.001). There was no significant differ-
ence between patients with SSc-ILD and SSc without pulmonary
impairment (14.0 = 1.5% vs 13.7 = 1.0%, p = 0.570).

Association of RDW and PAH in SSc patients

The ROC curve showed that RDW was a significant indicator of
PAH in SSc patients (p < 0.001); the AUC of the RDW was 0.816
(95%C10.744,0.889). The optimal RDW cutoff point was 14.3%
with a sensitivity of 78.6% and specificity of 69.9% (Fig. 2).

Table 1 Clinical data of 145

patients with SSc Variable 1cSSc deSSc
Patients, n 84 61
Male/female, n 22/62 13/48
Age, mean (SD), years 43.9 (11.6) 43.1 (11.6)
Disease duration, mean (SD), months 70.7 (78.7) 62.8 (66.6)
BMI, mean (SD), kg/m? 22.0 (3.4) 21.8 (3.9)
ILD, n (%) 57 (67.9) 52 (85.2)
PAH, n (%) 28 (33.3) 14 (23.0)
Hemoglobin, mean (SD), g/L 136 (14) 133 (12)
MCYV, mean (SD), fL 90.5 (5.1) 91.5(4.5)
Anemia (< 135 g/L in men, < 120 g/L in women), n (%) 8(9.5) 10 (16.4)
hsCRP, mean (SD), mg/L 3.5(4.6) 43 4.7)
ESR, mean (SD), mm/h 19 (21) 20 (18)
mRSS, median (25th—75th percentile) 3(2-7) 9.5 (5-17)
Antibody profile, n (%)
Anti-ul RNP 29 (34.5) 15 (24.6)
Anti-topoisomerase | 26 (31.0) 26 (42.6)
ACA 9 (10.7) 4(6.6)

leSSe, limited SSc; dcSSc, diffuse SSc; PAH, pulmonary arterial hypertension; CAD, coronary arterial disease;
CVD, cerebrovascular disease; /LD, interstitial lung disease; BMI, body mass index; ACA, anti-centromere anti-
body; ESR, erythrocyte sedimentation rate
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Table 2 Comparisons of clinical

and laboratory parameters of 145 RDW tertile
patients with SSc according to
RDW tertile <13.6% 13.6-14.6% >14.6% p value
Patients, n 54 39 52
Age, mean (SD), year 43.0 (12.2) 44,6 (11.8) 43.3(10.9) 0.797
Men, n (%) 7 (13.0) 9(23.1) 19 (36.5) 0.018
dcSSc, n (%) 21 (38.9) 17 (43.6) 23 (44.2) 0.835
Anti-ulRNP, n (%) 9 (16.7) 12 (30.8) 23 (44.2) 0.009
Anti-topoisomerase I, 7 (%) 27 (50.0) 15 (38.5) 10 (19.2) 0.004
ACA, n (%) 4(74) 3(7.7) 6 (11.5) 0.719
BMI, mean (SD), kg/m? 22.4(3.5) 22.0 (3.0) 21.1 (4.1) 0.185
mRSS, median (25th—75th percentile) 6 (2-10) 5(2-13) 5.5 (2-11) 0.973
PAH, n (%) 3(5.6) 10 (25.6) 29 (55.8) 0.000
ILD, n (%) 41 (75.9) 29 (74.4) 39 (75.0) 0.985
ESR, n (%) 13 (12) 22 (18) 25 (26) 0.010
hsCRP, mean (SD),mg/L 2.1(2.5) 3.7 (3.5) 5.8 (6.1) 0.000
IgG, mean (SD), g/L 15.9(7.2) 172 (7.8) 18.0 (6.3) 0.354
Hemoglobin, mean (SD), g/L 135.2 (11.5) 133.9 (10.5) 132.1 (16.9) 0.502
WBC, mean (SD), x10%L 6.3 (2.0) 6.2 (2.3) 7.1(22.9) 0.114
PLT, mean (SD), x10/L 224 (53) 212 (61) 200 (73) 0.156
FVC%, mean (SD) 81.6 (16.7) 79.2 (17.9) 78.5 (14.7) 0.615
DLCO%, mean (SD) 70.2 (18.4) 59.3(17.3) 50.6 (19.9) 0.000
TLC%, mean (SD) 92.5(15.7) 87.6 (19.5) 89.4 (15.8) 0.377
FVC%/DLCO%, mean (SD) 1.2 (0.2) 1.4 (0.6) 1.7 (0.6) 0.000
6 min walk distance, mean (SD), m 486 (87) 491 (86) 424 (116) 0.002
WHO functional class
Class 1, n (%) 38 (70.4) 21 (53.8) 17 (32.7) 0.000
Class 11, n (%) 16 (29.6) 12 (30.8) 19 (36.5)
Class 111, n (%) 0(0.0) 6 (15.4) 15 (28.8)
Class 1V, n (%) 0(0.0) 0 (0.0) 1(1.9)

The significance of the italicized values is for p <0.05

Multivariable logistic regression analysis is shown in
Table 3. Besides the well-known risk factors associated with
PAH in SSc, such as anti-ul RNP and FVC%/DLCO%, the
presence of high RDW was an independent risk factor that
indicated PAH in patients with SSc (odds ratio, 3.314
[95%CI 1.038-10.580], p = 0.043).

There was a declining trend in DLCO% and 6MWD across the
RDW tertile, with the highest tertile of RDW having significantly
lower DLCO% and 6MWD (Table 2). None of the invasive he-
modynamic variables were associated with RDW tertile; however,
we did find a moderate negative correlation between RDW and
cardiac output (CO) (p=—0.318,p = 0.031). RDW was negative-
ly correlated with the 6BMWD (p =—0.276, p = 0.001).

Discussion

RDW is a quantitative measurement in the size of circulating red
blood cells (anisocytosis) and is routinely reported by automated
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laboratory equipment in complete blood counts. In a prospective
study of 145 patients, we found an independent, strong associ-
ation between RDW level and the development of PAH in both
diffuse and limited systemic sclerosis patients, even after
adjusting for other potential confounder. In addition to reaching
statistical significance, the magnitude of the increased risk asso-
ciated with higher RDW levels was clinically relevant.
Hampole et al. were the first to report that increased
RDW was a strong independent prognostic indicator for
pulmonary hypertension (PH) [7]. In this prospective study
of 162 PH patients, higher RDW was independently asso-
ciated with mortality and was a better prognostic indicator
than NT-pro-BNP. A recent study has found that an in-
crease in RDW may indicate worsening of cardiopulmo-
nary manifestations in patients with SSc [9]. A statistically
significant inverse correlation was found between DLCO
and RDW levels. The results of the present study con-
firmed and extended these findings in a population of
SSc patients with pulmonary impairment. Furthermore, to
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Fig. 1 RDW percentage in
various groups of SSc patients.
Box plots of the percentage of
RDW for 18 patients with SSc
without pulmonary disease, 86
patients with SSc-ILD without
PAH, 18 patients with SSc-PAH
without ILD, and 23 patients with
SSc with PAH and ILD. RDW,
red blood cell distribution width.
Circles indicate mild; the asterisk
indicates extreme outlier values

the best of our knowledge, our study is the first to show
that increased RDW indicates PAH in patients with SSc,
independently of other risk factors, such as anti-centromere

Fig. 2 Receiver operating
characteristic (ROC) curve
analysis results of patients with
SSc-PAH

RDW %

225 -
*
(o)
20.0
(o)
e —_
17.5 4
15.0 _|_ l
p=0.570 -~ p=0.001
1 )1 1
) p=0.000 .
1259 y p=0.000
T T T T
No pulmonary disease ILD PAH ILD-PAH

Sensitivity

1.0

08

06

04

02

0.0

antibody and FVC%/DLCO% [15, 16] which were proved
by the first multinational prospective evidence-based PAH
screening study, the DETECT study.

00

02

T T
04 06

1 - Specificity

08

10

@ Springer



984 Clin Rheumatol (2018) 37:979-985
Table 3  Logistic regression models including RDW for the prediction help us to understand why RDW is a useful indicator of PAH in
of PAH in SSc patients SSc patients.
Variable Adjusted OR (95% CI) p value Testing for RDW values is an affordable method for screening
for PAH in SSc patients. Modern hemogram devices automatical-
Model A ly measure the size of red blood cells and analyze their distribution
Age 0.963 (0.905-1.025) 0235 volume. As part of the complete blood count, RDW is widely
RDW (%) 1.662 (1.166-2.370) 0.005 available to clinicians and incurs no additional costs; in contrast to
Hemoglobin 1.028 (0.980-1.079) 0.256 the other novel markers of PAH, these findings are notable.
Anti-ulRNP 6.457 (1.685-24.742) 0.007 The strengths of our study include its relatively large size and
FVC%/DLCO% 26.427 (4.891-142.775) 0.000 the use of the gold standard diagnosis of PAH [14], right heart
Model B catheterization. However, some study limitations should be con-
Age 0.943 (0.888-1.001) 0.055 sidered in the interpretation of the results. The present study was a
RDW (increased/normal) 3.314 (1.038-10.580) 0.043 single-center cross-sectional study; therefore, the present analy-
Hemoglobin 1.029 (0.986-1.072) 0.187 sis was limited in its ability to establish causal or temporal rela-
Anti-ulRNP 11.670 (3.457-39.389) 0.000 tionships between RDW and the development of PAH. A pro-
FVC%/DLCO% 33.034 (6.489-168.164) 0.000 spective cohortstudy with a larger sample size and other influenc-

In Model A, RDW were considered continuous values (measured in
percentage). In Model B, RDW were considered dichotomous values
(increased or normal) according to the cutoff value of 14.3%

The significance of the italicized values is for p <0.05

OR, odds ratio; CI, confidence interval

The reason for the strong association of RDWand PAH in SSc
is not well understood. Several potential mechanisms may ac-
count for the association of RDW with PAH, because RDW level
may simply serve as an integrative measure of multiple patho-
logical processes simultaneously occurring in SSc-PAH patients,
including ineffective erythropoiesis, oxidative stress, thrombo-
sis, inflammation, endothelial dysfunction [17, 18], and nutri-
tional deficiencies. Similar to other previous studies [7, 19], an
association between increasing RDWand elevated levels of acute
phase reactants, including ESR and high-sensitivity C-reactive
protein, was confirmed in this study, suggesting that elevated
RDW may reflect an underlying inflammatory state that is asso-
ciated with adverse outcomes. Furthermore, the increased RDW
levels may also represent a procoagulant activity of red blood
cells independent of inflammation; the elevated RDW may re-
flect an increased complement of immature reticulocytes. The
reduction of red blood cell deformability may stimulate platelet
aggregation, leading to vascular compromise and impaired blood
viscosity. Variable red blood cell size, decreased deformability,
and increased adhesion may lead to a thrombophilic state and
develop thrombosis [20]. Those processes create disequilibrium
between the vasoactive, proliferative mediators (e.g., thrombox-
ane A2 and endothelin-1), and anti-proliferative vasodilators
(e.g., nitric oxide and prostacyclin) within the endothelium. At
the same time, hypoxemia occurs, and ischemia reperfusion in-
jury inthe pulmonary vasculature promotes vascular remodeling,
fibroblast proliferation, and intraluminal microthrombosis. The
end result is a progressive increase in pulmonary vascular resis-
tance, PAP, and right ventricular pressure overload [21]. These
data from the literature and the novel observations of this study
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ing factors may prove to be more useful in evaluating the role of
RDW in the early diagnosis of PAH among SSc patients.
Although there is growing evidence that RDW is independently
associated with PAH in SSc patients, additional studies should be
performed to improve understanding of pathophysiology and to
determine the underlying factors that affect RDW.

In conclusion, this study confirmed our hypothesis that
RDW could be an associated factor of PAH in SSc patients.
Because RDW is routinely reported as part of the complete
blood count and no additional cost is involved, this measure is
readily available for most patients in different clinics or hos-
pitals. Finally, understanding its significance will be helpful in
identifying the risk of PAH in SSc patients.
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