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Introduction

Systemic sclerosis (SSc) is an autoimmune disease characterized 
by obliterative vasculopathy and fibrosis of the skin and visceral 
organs, and it has a high mortality rate compared to other rheu-
matic diseases. In light of epidemiologic studies conducted be-
tween 1969 and 2006, it was reported that SSc showed geographic 
variations, its prevalence was 7 to 489 per million, and the in-
cidence was 0.6 to 122 per million/year. SSc is more common in 
women than in men, as is true for most autoimmune rheumatic 
diseases. Its incidence peaks in the 5th decade (1). The pathogen-
esis of SSc is complex and not fully understood (2).

SSc exhibits great heterogeneity in both its clinical and sero-
logic characteristics. SSc is mainly based on the presence of char-
acteristic clinical findings and is supported by specific serologic 
abnormalities. Antinuclear antibodies (ANA) are present in ap-
proximately 90 to 95% of patients with SSc. In 2013, the Ameri-
can College of Rheumatology / European League against Rheu-
matism (ACR/EULAR) issued new criteria that had 91% sensitivity 
and 92% specificity for classification of SSc (3). It is well known 
that the clinical manifestations of SSc based on skin involvement 
range from limited cutaneous SSc (lcSSc), which indicates a bet-
ter prognosis, to diffuse cutaneous SSc (dcSSc), in which more 
severe complications develop (3, 4). Extracutaneous manifesta-
tions of SSc include the gastrointestinal tract (GIT) (90%); mus-
culoskeletal system (45–90%), cardiac (23–32%), and renal in-
volvements (0.5–10%); progressive interstitial lung disease (ILD) 
(25–30%); and pulmonary hypertension (PAH) (15%), each with 
various clinical presentations (5–8).

In an international collaborative meta-analysis, it was found 

that SSc corresponded to a 1.5- to 7.2-times greater mortality risk 
compared to the general population, and the presence of anti-
topoisomerase I antibody (Anti-Scl-70) and renal, cardiac, and 
pulmonary involvement increased the risk of death by 1.3, 1.9, 2.8, 
and 1.6 times, respectively (9). Pulmonary involvement is the most 
important cause of morbidity and mortality in the course of SSc 
(10). Prediction of the course of disease may cause a difference 
in the choice of treatment because early, targeted, and intensive 
therapy is key to success in SSc (11); however, the prognosis is 
difficult to predict in many cases. The interpretation of serological 
results is often used as a conventional method for predicting the 
course of disease (11, 12).

Complete blood count (CBC) parameters and neutrophil/
lymphocyte (NLR), monocyte/lymphocyte (MLR), and platelet/
lymphocyte (PLR) ratios, which are considered biomarkers of sys-
temic inflammation, have been reported many times in cardiovas-
cular diseases and various cancers, as well as in many rheuma-
tological diseases such as systemic lupus erythematosus (SLE), 
rheumatoid arthritis (RA), and SSc (13–17).

Studies related to the usefulness of globally available and in-
expensive CBC tests to assess the severity of SSc are still lacking. 
This study investigated the relationship between clinical features, 
autoantibodies, and especially CBC parameters with various or-
gan involvements.

Method

Study population and design

Patients with SSc were recruited from the Department of Rheuma
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tology between January 2016 and June 2019, provided that the 
were in their first presentation of their disease. Adults that gave 
written informed consent (130 patients and 129 healthy controls) 
were enrolled in the study. Data were obtained from the electronic 
registration database. To be included in the study, any medication 
(iron, immunosuppressive/immunomodulatory drugs, vitamin 
supplements, etc.) that might affect hematological parameters 
could not have been prescribed in the previous 3 months. For this 
purpose, the drug records of all individuals included in the study 
were evaluated through the Social Security Institution’s Medula 
system. Patients with cancer, severe infection, chronic hemato-
logic disease, tuberculosis, or primary or secondary (except SSc) 
heart and lung disease were excluded. Healthy controls were ran-
domly selected from patients without any known disease admit-
ted to the checkup outpatient clinic.

This single-center cross-sectional study was approved by the 
ethics committee (decision no. 2019/276) and was performed ac-
cording to the principles of the Declaration of Helsinki.
 
Classification criteria

We accepted patients that satisfied the 2013 ACR/EULAR criteria 
as SSc. The patients were grouped as lcSSc and dcSSc, based 
on the classification system proposed by LeRoy et al. (8). Organ 
involvement was evaluated according to clinical symptoms and 
results of various diagnostic tests. The musculoskeletal disease 
was defined as arthritis, joint contractures, and myositis based 
on radiographic and laboratory data. Although the esophagus is 
the most frequently affected part of the GIT in SSc, it can affect 
any part of the tract, from the oral cavity to the large intestine, as 
well as the liver and pancreas (7, 8). GIT involvement was defined 
as the presence of clinical symptoms such as dysphagia, reflux, 
gastritis, dyspepsia, and diarrhea. The GIT involvement of the 
patients was decided by combining clinical data with laboratory, 
endoscopy, and barium X-ray results. The diagnostic criteria for 
ILD were based on the presence of limited/diffuse ground-glass 
or honeycomb opacity on high-resolution computed tomography 
(HRCT). PAH was accepted if pulmonary capillary wedge pressure 
(PCWP) < 15 mm Hg and mean pulmonary artery pressure (PAP) > 
25 mm Hg in right heart catheterization after measuring systolic 
PAP ≥ 40 mm Hg on Doppler echocardiography. Findings of nail-
fold capillaroscopy (NC) were accepted as the presence of neo-
angiogenesis, capillary elongation/tortuosity, reduced capillary 
density, avascular area, hemorrhage, giant loops, and abnormal 
blood flow. 

Laboratory measurements

Blood was analyzed in ethylenediaminetetraacetic acid (EDTA) 
tubes to obtain CBC results, including the platelet, lymphocyte, 
neutrophil, and monocyte counts, red cell distribution width 
(RDW), mean platelet volume (MPV), and lymphocyte, neutro-
phil, monocyte, and eosinophil volumes for each subject using an 
automatic blood counting system (Beckman Coulter LH 780, Brea, 
California, USA). NLR, MLR, and PLR were obtained using the ra-
tio of neutrophil, monocyte, and platelet counts to lymphocyte 
counts, respectively. The erythrocyte sedimentation rate (ESR; 
0–20 mm/hour) and C-reactive protein (CRP; 0–8 mg/l) of the pa-
tient and control groups and also autoantibodies (ANA titer; anti-
Scl-70; anti-centromere, ACA; anti-PM/Scl; anti-RNP; anti-Ro52; 
and rheumatoid factor, RF) of the patient group were recorded. 

Statistical analysis

All procedures were conducted using IBM SPSS Statistics 21.0 
and MS-Excel 2010 software. The results are presented as medi-
an (interquartile range). Pearson’s chi-square and Fisher’s exact 
test were used for categorical variables where appropriate. After 
checking the normality distribution of scale variables using the 
Shapiro–Wilk test, independent samples were compared with 
appropriate significance tests (e.g., the Mann–Whitney U test, 
Kruskal–Wallis H test, and Spearman rank correlation coeffi-
cient). The associations between ESR, CRP, and CBC parameters 
were examined using Spearman’s partial correlation analysis us-
ing syntax after controlling for age. Receiver operating character-
istic (ROC) analysis was performed to assess the best cutoff value 
for predicting organ involvement. We also performed a univariate 
logistic regression for various organ involvements (dependent), 
establishing predicting factors such as CBC parameters, autoan-
tibodies, clinical features (independent variables), and their odds 
ratios (OR). Two-sided p-values of < 0.05 were considered statis-
tically significant. Bonferroni correction was applied as post-hoc 
after the Kruskal–Wallis H test. 

Results

There were no significant differences between the SSc and control 
groups in terms of mean age (52 ± 15 vs. 52 ± 3 years, respectively) 
or sex (123 females, 7 males vs. 121 females, 8 males, respectively). 
More than half (52.7%) of the patients had lcSSc and 47.3% had 
dcSSc.

ANA (n= 125, 96.2%), anti-Scl70 (n = 49, 37.7%), ACA (n = 43, 
33.1%), anti-Ro52 (n = 17, 13.2%), RF (n = 12, 9.3%), anti-PM/Scl 
(n = 8, 6.2%), and anti-RNP (n = 6, 4.7%) positivities were detect-
ed, in order of frequency. Renal failure was not detected in any 
patients, and the most common organ involvements were GIT 
(63.1%), ILD (48.8%), digital ulcer (20.8%), and joint involvement 
(15.4%). PAH was detected in 13.2% of patients. When the pres-
ence or absence of organ involvement (dcSSc, ILD, PAH) and con-
trol groups were compared separately, all groups were identical 
in terms of age and sex distribution; only the SSc-ILD group was 
significantly older than the no-ILD and control groups (p = 0.004; 
Table 1). The CBC parameters, PLRs, NLRs, and MLRs in relation 
to organ involvement (skin, lung, and PAH) and comparison with 
the control groups are shown in Tables 1 and 2.

There was a positive moderate correlation between ESR and 
CRP after adjustment for age in the SSc group (r = 0.535, p < 0.001). 
Spearman’s partial correlation analysis revealed that hemoglobin 
(Hb; r = −0.454, p < 0.001), RDW (r = 0.413, p < 0.001) levels, and 
monocyte volume (r = 0.220, p = 0.018) showed statistically signifi-
cant correlations with ESR after accounting for age. In addition, 
Hb (r = −0.224, p = 0.016), RDW (r = 0.333, p < 0.001) levels, and 
monocyte volume (r = 0.235, p = 0.011) showed statistically signifi-
cant correlations with CRP. NLR, MLR, PLR, and other CBC param-
eters were not significantly correlated with ESR and CRP (p > 0.05). 
RDW, ESR, and CRP were significantly different in patients with 
lcSSc and dcSSc (p < 0.05).

Lymphocyte, NLR, PLR, ESR, and CRP levels were significantly 
different in SSc-PAH than in patients without PAH (p < 0.05). Lym-
phocyte, MPV, RDW, ESR, and CRP levels were significantly differ-
ent in SSc-ILD compared to patients without ILD (p < 0.05). The 
correlations of CBC parameters, NLR, MLR, and PLR with age are 
also shown in Table 1 because the age distribution was not iden-
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tical. RDW, ESR, CRP, MLR, and lymphocyte volume were found 
to be significantly correlated with age; RDW, ESR, and CRP were 
not included in the ROC analysis in SSc-ILD compared to patients 
without ILD. The ROC analyses of the skin, lung involvement, and 
pulmonary hypertension are shown in Figure 1 and Table 3 with 
the area under the ROC curve (AUC) value, cutoff value, p-value, 
sensitivity, and specificity.

Finally, logistic regression analyses were performed to identify 
the association of various factors with p-values < 0.05 such as age, 
CBC parameters, NLR, MLR, PLR, ESR, CRP, autoantibodies, and 
clinical features (other organ involvement, Raynaud’s, and dysp-
nea), and findings (NC) with the risk of SSc-associated assorted 
organ involvements. ROC analysis was used to determine the best 

cutoff value for all continuous variables producing significant re-
sults in univariate analysis. Accordingly, after being adjusted for 
age and sex, the odds ratios and significance levels of univariate 
analyses are shown as in Table 4.

Skin involvement

Although there was a remarkable risk increase between dcSSc 
and ANA titer (> 1/320), this difference was not significant in the 
univariate analysis (OR = 2.36, 95% CI: [0.96–5.89]; p = 0.06). The 
presence of anti-Scl-70 (OR = 2.34, 95% CI: [1.13–4.85]; p = 0.023) 
and the absence of ACA (OR = 2.92, 95% CI: [1.34–6.34]; p = 0.007) 
were associated with a greater risk of dcSSc. There was no rela-

Table 1 | Relationship between simple blood tests and lung involvement in patients with systemic sclerosis (SSc) and correlation of parameters with age.

Control
(n = 129)

No-ILD
(n = 66)

SSc-ILD
(n = 63) p-value Correlation with age

r p-value
Age (years) 51 (4) 48 (26) 56 (20) 0.004b,c 1.00 –
Sex (male/female) 8/121 4/62 3/60 0.918 – –
Hemoglobin (g/dl) 13.3 (1.6) 13.3 (2.0) 12.6 (1.7) 0.001b,c −0.04 0.514
Neutrophils (109/l) 3.70 (1.45) 4.52 (2.42) 4.16 (2.26) 0.028a −0.01 0.885
Lymphocytes (109/l) 2.28 (0.94) 2.07 (0.74) 1.60 (1.09) < 0.001a,b,c −0.08 0.392
Monocytes (109/l) 0.45 (0.16) 0.52 (0.22) 0.55 (0.30) 0.012a 0.07 0.418
Platelets (109/l) 275 (79) 245 (82) 282 (119) 0.079 0.06 0.418
MPW (fl) 8.3 (1.1) 8.5 (1.2) 8.0 (1.4) 0.026c −0.05 0.573
RDW (%) 13.8 (1.2) 14.1 (3.1) 15.6 (2.3) < 0.001a,b,c 0.22 0.012
NLR 1.59 (0.49) 2.06 (1.22) 2.31 (1.85) < 0.001a,b 0.07 0.434
MLR 0.19 (0.07) 0.27 (0.12) 0.32 (0.21) < 0.001a,b 0.18 0.039
PLR 113.9 (49.9) 125.6 (82.3) 147.0 (111.6) < 0.001b 0.11 0.197
Neutrophil volume 138.8 (9.9) 139.9 (9.2) 139.9 (7.7) 0.945 0.10 0.286
Lymphocyte volume 82.8 (5.1) 82.1 (5.9) 84.0 (5.9) 0.072 0.23 0.012
Monocyte volume 159.7 (8.9) 161.2 (13.1) 161.9 (10.7) 0.703 0.12 0.202
Eosinophil volume 151.3 (12.2) 151.6 (11.7) 149.4 (9.3) 0.105 0.01 0.896
ESR (mm/hour) 13 (12) 13 (14) 24 (26) < 0.001b,c 0.19 0.027
CRP (mg/l) 3.4 (2.1) 3.28 (4.89) 4.00 (5.86) 0.017c 0.28 0.001
MPV = mean platelet volume, RDW = red cell distribution width, PLR = platelet/lymphocyte ratio, NLR = neutrophil/lymphocyte ratio, MLR = monocyte/lymphocyte 
ratio, ESR = erythrocyte sedimentation rate, CRP = C-reactive protein, SSc-ILD = systemic sclerosis-associated interstitial lung disease. 
a: p < 0.05 for the difference between the control group and No-ILD group (Kruskal–Wallis H with the Mann–Whitney U test); 
b: p < 0.05 for the difference between the control group and SSc-ILD group (Kruskal–Wallis H with the Mann–Whitney U test); 
c: p < 0.05 for the difference between the No-ILD group and SSc-ILD group (Kruskal–Wallis H with the Mann–Whitney U test).
Data are expressed as median (interquartile range). The Kruskal–Wallis H, Mann–Whitney U, chi-square tests and Spearman’s rho correlation analysis were used. 
Bonferroni correction was applied as post-hoc after the Kruskal–Wallis H test. Significant values are shown in bold.

Table 2 | Relationship between simple blood tests and skin involvement and pulmonary hypertension (PAH) in patients with systemic sclerosis (SSc).

Control
(n = 129)

lcSSc
(n = 68)

dcSSc
(n = 61) p-value No-PAH

(n = 112)
SSc-PAH
(n = 17) p-value

Age (years) 51 (4) 49 (23) 45 (22) 0.074 51 (22) 58 (18) 0.057
Sex (male/female) 8/121 4/64 3/58 0.939 6/106 1/16 0.835
Hemoglobin (g/dl) 13.3 (1.6) 13.1 (1.9) 12.8 (2.2) 0.017b 13.0 (1.8) 12.2 (2.0) 0.015b

Neutrophils (109/l) 3.70 (1.45) 4.30 (2.42) 4.01 (2.26) 0.021a 4.23 (2.42) 4.13 (2.04) 0.021a

Lymphocytes (109/l) 2.28 (0.94) 1.94 (0.87) 1.79 (1.18) < 0.001a,b 1.91 (0.99) 1.31 (1.03) < 0.001a,b,c

Monocytes (109/l) 0.45 (0.16) 0.52 (0.28) 0.54 (0.27) 0.013a 0.53 (0.24) 0.41 (0.40) 0.005a

Platelets (109/l) 275 (79) 257 (106) 271 (107) 0.599 270 (113) 249 (147) 0.042b

MPW (fl) 8.3 (1.1) 8.5 (1.4) 8.1 (1.3) 0.177 8.3 (1.5) 8.6 (1.3) 0.863
RDW (%) 13.8 (1.2) 14.3 (2.9) 15.6 (2.3) < 0.001a,b,c 14.9 (2.7) 15.8 (2.2) < 0.001a,b

NLR 1.59 (0.49) 2.09 (1.70) 2.20 (1.65) < 0.001a,b 2.10 (0.63) 3.38 (3.78) < 0.001a,b,c

MLR 0.19 (0.07) 0.27 (0.14) 0.31 (0.17) < 0.001a,b 0.29 (0.15) 0.40 (0.30) < 0.001a,b

PLR 113.9 (49.9) 142.6 (86.9) 144.2 (101.3) 0.002a,b 141.0 (90.7) 147.5 (106.3) 0.001a,c

Neutrophil volume 138.8 (9.9) 141.0 (12.4) 139.9 (7.3) 0.550 139.3 (9.5) 141.4 (3.4) 0.726
Lymphocyte volume 82.8 (5.1) 83.4 (6.6) 83.0 (6.3) 0.720 83.3 (7.0) 84.0 (5.2) 0.635
Monocyte volume 159.7 (8.9) 162.0 (12.8) 161.3 (8.7) 0.983 160.9 (11.6) 164.6 (9.2) 0.193
Eosinophil volume 151.3 (12.2) 151.6 (11.2) 149.4 (10.4) 0.084 149.6 (11.2) 150.4 (9.0) 0.114
ESR (mm/hour) 13 (12) 14 (14) 22 (20) 0.009b,c 15 (18) 29 (30) 0.003b,c

CRP (mg/l) 3.4 (2.1) 3.3 (3.6) 4.0 (6.0) 0.033c 3.4 (4.3) 7.1 (6.4) 0.017b,c

MPV = mean platelet volume, RDW = red cell distribution width, PLR = platelet/lymphocyte ratio, NLR = neutrophil/lymphocyte ratio, MLR = monocyte/lymphocyte 
ratio, ESR = erythrocyte sedimentation rate, CRP = C-reactive protein, lcSSc = limited cutaneous systemic sclerosis, dcSSc = diffused cutaneous systemic sclero-
sis, SSc-PAH = systemic sclerosis-associated pulmonary hypertension. 
a: p < 0.05 for the difference between the control group and lcSSc/No-PAH group (Kruskal–Wallis H with the Mann–Whitney U test);
b: p < 0.05 for the difference between the control group and dcSSc/SSc-PAH group (Kruskal–Wallis H with the Mann–Whitney U test); 
c: p < 0.05 for the difference between the lcSSc/No-PAH group and dcSSc/SSc-PAH group (Kruskal–Wallis H with the Mann–Whitney U test).
The Kruskal–Wallis H, Mann–Whitney U, and chi-square tests were used. Bonferroni correction was applied as post-hoc after the Kruskal–Wallis H test. Significant 
values are shown in bold.
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tionship between other autoantibodies (e.g., RF, RO52, PM/Scl, 
RNP) and skin involvement (p > 0.05). Elevation of ESR (> 20 mm/
hour) significantly increased the risk of dcSSc development alone 
(OR = 2.16, 95% CI: [1.06–4.41]; p = 0.035).

GIT and joint involvements

About 70% of patients with GIT involvement had esophageal in-
volvement, whereas no liver and pancreas involvement were de-
tected. There was no relationship between skin and GIT involve-
ment. GIT involvement was found to be significantly greater in 
patients with SSc-ILD (OR = 2.40, 95% CI: [1.15–5.00]; p = 0.020). 
In addition, neutrophil volume ≤ 141.0 indicated GIT involvement 
(OR = 2.46, 95% CI: [1.13–5.35]; p = 0.023).

The risk of joint symptoms was greater in patients without ILD 
(OR = 3.12, 95% CI: [1.05–9.27]; p = 0.040).

Interstitial lung disease

It was noteworthy that dyspnea was the most crucial factor, with a 
390-fold greater risk for SSc-ILD (OR = 390.0, 95% CI: [47.8–3176.1]; 
p < 0.001). Dyspnea was present in 85.7% of SSc-ILD; all patients 
with dyspnea-free ILD had limited ground-glass subtype ILD. Sub-

sequently, the risk of ILD was 6.52 times greater in generalized skin 
involvement (OR = 6.52, 95% CI: [3.01–14.17]; p < 0.001). In contrast 
to ANA titers, the absence of ACA was associated with a greater risk 
of ILD (OR = 5.3, 95% CI: [2.31–12.16]; p ≤ 0.001). Age (> 50 years), 
ESR (> 25 mm/hour), Hb (≤ 13.0 g/dl), lymphocyte count ≤ 1,900 
(103/ml), and MPV (≤ 8.0 fl) were also evaluated separately, and 
statistically significant results were obtained to estimate the risk 
of ILD (p < 0.05).

Pulmonary hypertension and digital ulcers

The presence of anti-RNP antibodies was found to be significant 
in predicting greater risk of PAH as the most crucial factor in uni-
variate analysis (OR = 16.77, 95% CI: [2.79–100.66]; p = 0.002). The 
risk of PAH was 5.78 times greater in patients with dcSSc (OR = 
5.78, 95% CI: [1.56–21.41]; p = 0.009). It was determined that the 
presence of dyspnea indicating ILD did not correspond to a sig-
nificantly greater risk for PAH (OR = 2.73, 95% CI: [0.94–7.91]; p 
= 0.064). We found that patients with abnormal NC had a greater 
risk of PAH (OR = 3.09, 95% CI: [1.08–8.85]; p = 0.035). When the 
lymphocyte count was 1,400 (103/ml) or less, there was a marked 
and significant increase in the risk of PAH (OR = 6.72, 95% CI: 
[2.25–20.04]; p = 0.001).

Figure 1 | Receiver operating characteristic curve (ROC) analysis for distinguishing between organ involvement associated with systemic sclerosis (SSc): a) limited 
SSc vs. diffuse cutaneous SSc; b) absence vs. presence of SSc-associated pulmonary hypertension; c) absence vs. presence of SSc-associated interstitial lung 
disease.

Table 3 | Receiver operating characteristic (ROC) curve analysis to distinguish organ involvements.
AUROC Cut-off value Sensitivity (%) Specificity (%) p-value 

lcSSc vs. dcSSc
ESR (mm/hour) 0.617 19.50 54.1 67.6 0.022
CRP (mg/l) 0.622 4.5 55.7 50.8 0.017
RDW (%) 0.623 14.2 77.0 50.0 0.016

No-PAH vs. SSc-PAH
Lymphocytes (109/l) 0.714 1.395 64.7 79.5 0.005
NLR 0.703 2.209 76.5 54.5 0.007
PLR 0.554 – – – 0.473
ESR (mm/hour) 0.701 19.50 70.6 60.7 0.008
CRP (mg/l) 0.692 6.09 58.8 72.3 0.011

No-ILD vs. SSc-ILD
Age (years) 0.649 49.5 65.1 56.1 0.004
Hemoglobin (g/dl) 0.634 12.85 45.0 37.1 0.011
Lymphocytes (109/l) 0.626 1.885 44.3 39.4 0.014
MPV (fl) 0.632 8.0 60.0 66.6 0.010

lcSSc = limited cutaneous systemic sclerosis, dcSSc = diffused cutaneous systemic sclerosis, SSc-ILD = systemic sclerosis-associated interstitial lung disease, 
SSc-PAH = systemic sclerosis-associated pulmonary hypertension, AUROC = area under the receiver operating characteristic curve, MPV = mean platelet volume, 
RDW = red cell distribution width, PLR = platelet/lymphocyte ratio, NLR = neutrophil/lymphocyte ratio, ESR = erythrocyte sedimentation rate, CRP = C-reactive 
protein. 
Significant values are shown in bold.
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Discussion

Mortality in SSc is the result of organ involvement, with lung dis-
ease (either ILD or PAH) being the most prominent risk factor for 
death (15). Previous studies reported risk factors for poor survival 
in SSc such as male sex, diffuse cutaneous subtype, age at disease 
onset, African origin, presence of anti-Scl-70 antibodies, and spe-
cific organ involvement. Identifying autoantibodies is clinically 
useful in helping diagnosis and in predicting the development of 
certain clinical manifestations and prognosis (18). ACA is associ-
ated with limited cutaneous involvement and PAH, whereas anti-
Scl70 antibodies are associated with diffuse skin involvement and 
pulmonary fibrosis. It has been known for a long time that ACA is 
a predictor for a favorable prognosis, and that anti-Scl-70 is asso-
ciated with a poor prognosis and SSc-related mortality (19). This 
study confirms these data.

Yang et al. compared the blood cell count ratios of 1,139 pa-
tients with systemic autoimmune rheumatic diseases (SARDs). 
They emphasized that especially NLR and MLR might reflect 
inflammatory status in SARDs (16). In recent years, accumulat-
ing evidence has indicated the potentially great diagnostic and 
prognostic value of complementary components of CBC, and 
particularly blood cell count ratios for various chronic inflamma-
tory diseases (e.g., psoriasis, RA, SLE, Behçet disease, SSc, and 
multiple sclerosis) and cancers (lymphoma and solid cancers) (16, 

20–27). It has been reported that MLR, PLR, MPV, and diverse cell 
counts have a prognostic value in some diseases, although almost 
all studies have focused on NLR alone (20, 22, 25, 26, 28). In this 
study, unlike previous studies, we present a comprehensive analy-
sis by considering almost all the variables in CBC parameters as 
well as immunological, clinical parameters.

In this study, age (> 50 years), ESR (> 20 mm/hour), CRP (> 4.5 
mg/l), RDW (14.2%), ANA titer (> 1/320), anti-Scl-70 (+), and ACA 
(−) parameters were found to be associated with dcSSc. However, 
in the univariate analysis, only ESR, anti-Scl-70, and ACA were 
able to produce significant results in the prediction of dcSSc risk. 
Similar to our study, Zhao et al. found a moderate correlation be-
tween CRP and RDW, and they reported no relationship between 
RDW and dcSSc (29). Conversely, Farkas et al. reported that RDW 
elevation was associated with dcSSc, as well as cardiopulmonary 
findings (30). In this study, it was interesting that, although RDW 
was significantly higher in dcSSc than in the control and lcSSc 
groups, it did not significantly increase the risk of developing dc-
SSc.

Current data suggest that esophageal disease may indepen-
dently contribute to or be a source of ILD in SSc (31). Observa-
tional studies indicate that SSc patients with more active reflux 
disease ultimately develop more advanced ILD. It is not known 
whether particulate reflux or acid reflux or both are involved in 
the development of ILD (32). It was determined that the risk of 

Table 4 | Evaluation of factors associated with organ involvement by univariate logistic regression analysis.

Univariate logistic regression analysis βi Odds ratio 95% CI Wald value p-valueLower  Upper
Generalized skin involvement (n = 61/129)

Age > 50 years 0.61 2.84 0.91 3.71 2.91 0.088
ESR > 20 mm/hour 0.77 2.16 1.06 4.41 4.47 0.035
CRP > 4.5 mg/l 0.71 2.02 0.99 4.13 3.74 0.053
RDW (%) 0.13 1.13 0.97 1.33 2.42 0.119
ANA > 1/320 (+) 0.87 2.38 0.96 5.89 3.54 0.060
Scl-70 (+) 0.85 2.34 1.13 4.85 5.19 0.023
ACA (−) 1.07 2.92 1.34 6.34 7.27 0.007

Digital ulcer (n = 27/130)
Nail fold capillaroscopy (+) 2.51 12.26 1.59 94.23 5.80 0.016

GIT involvement (n = 74/116)
Neutrophil volume ≤ 141.0 0.90 2.46 1.13 5.35 5.18 0.023
Interstitial lung disease 0.87 2.40 1.15 5.00 5.40 0.020

Joint involvement (n = 20/130)
No interstitial lung disease 1.14 3.12 1.05 9.27 4.21 0.040

Interstitial lung disease in all SSc patients (n = 63/129)
Age > 50 years 0.73 2.07 1.03 4.19 4.13 0.042
Generalized skin involvement 1.88 6.52 3.01 14.17 22.67 < 0.001
Dyspnea (+) 5.97 390.00 47.80 3176.10 31.08 < 0.001
Hemoglobin ≤ 13.0 g/dl 0.87 2.39 1.15 4.95 5.51 0.019
ESR > 25 mm/hour 1.28 3.60 1.62 8.00 9.88 0.002
RDW (%) 0.07 1.07 0.92 1.24 0.80 0.372
Lymphocyte ≤ 1.9 109/l 0.72 2.06 1.02 4.16 4.09 0.043
MPV ≤ 8.0 fl 0.79 2.20 1.08 4.48 4.72 0.030
ACA (−) 1.67 5.30 2.31 12.16 15.50 < 0.001

Pulmonary hypertension (n = 17/129)
Generalized skin involvement 1.75 5.78 1.56 21.41 6.89 0.009
Dyspnea (+) 1.01 2.73 0.94 7.91 3.42 0.064
Sm/RNP (+) 2.82 16.77 2.79 100.66 9.51 0.002
NLR > 2.2 1.32 3.75 1.15 12.21 4.82 0.028
MLR > 0.35 1.32 3.73 1.31 10.68 6.04 0.014
ESR > 20 mm/hour 1.08 2.94 1.01 8.54 3.94 0.047
CRP > 6 mg/l 1.31 3.73 1.31 10.68 6.04 0.014
Lymphocyte ≤ 1.4 109/l 1.91 6.72 2.25 20.04 11.69 0.001
Nail fold capillaroscopy (+) 1.13 3.09 1.08 8.85 4.43 0.035

βi = regression coefficient, CI = confidence interval, MPV = mean platelet volume, RDW = red cell distribution width, NLR = neutrophil/lymphocyte ratio, MLR = 
monocyte/lymphocyte ratio, ESR = erythrocyte sedimentation rate, CRP = C-reactive protein, ANA = antinuclear antibody, Scl-70 = anti-topoisomerase I antibody, 
ACA = anti-centromere antibody. 
Significant values are shown in bold.
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GIT involvement was 2.4 times greater in patients with SSc-ILD, 
and the risk of joint involvement was approximately three times 
greater in patients without ILD. The relationship between GIT in-
volvement and the decrease in neutrophil volume was quite re-
markable. However, neutrophil volume has not been analyzed to 
date, although NLR, MLR, and MPV have been reported not to be 
associated with SSc-associated GIT involvement (33).
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combing ILD. According to our study, in patients with SSc, due 
to the 390-fold greater ILD risk in the presence of dyspnea, lung 
involvement should be considered until proven otherwise. Pa-
tients with dcSSc had an approximately 6.5-fold increase in ILD 
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ally pointed to about a 2- to 2.5-fold greater SSc-ILD risk.
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the risk of PAH approximately three to four times, separately. There 
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digital ulcers, PAH, and ILD. Yayla et al. confirmed that NLR was 
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