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ABSTRACT

Introduction: Systemic sclerosis is a chronic and progressive connective tissue disease with various manifestation. Inflammatory status is developed
in early stages and is followed by major organs’ dysfunction. Disease severity is evaluated mostly through Medsger scale. There is not any single
laboratory test to evaluate disease severity, although some hematologic can reflect disease severity. In this study, we evaluated the association
between hematologic indices (specially Neutrophil/Lymphocyte ratio) and Medsger score of disease severity.

Materials and methods: One hundred and twenty-three patients along with the same number of healthy controls were enrolled in this study. De-
mographic information and past medical records were gathered in first appointment. Hematologic indices were calculated based on the laboratory
findings and the association between these indices and Medsger score of disease severity was evaluated.

Results: One hundred and twenty-three patients with mean disease duration of 9.54 and mean Medsger score of 7.42 were investigated in this study.
Neutrophil count, erythrocyte sedimentation rate, red cell distribution width and NLR were significantly higher and mean platelets volume was
significantly lower in SSc patients in comparison to controls. NLR was significantly correlated with pulmonary and cardiac involvements and
Monocyte/Lymphocyte ratio was significantly correlated with the involvement of joint and tendons. We showed that NLR is a predictive factor for
the severity of systemic sclerosis. We also found a cut off Value of 1.9 for NLR as a predictor for disease severity in our patients.

Conclusion: Our study shows that SSc and its severity is associated with some hematologic indices like NLR, MLR, platelets and hemoglobin. These
indices can also specifically predict the involvement of some organs.

1. Introduction

Systemic sclerosis is a chronic and progressive connective tissue disease with various manifestation. It is characterized by skin
thickening and internal organs’ involvement such as lung, heart, kidneys and gastrointestinal system. Inflammatory status is developed
in early stages of systemic sclerosis. This condition is followed by major dysfunction in visceral organs as a result of fibrosis. Skin
thickening distinguishes SSc from other connective tissue disorders [1-4]. Many studies recommend that both genetic and environ-
mental factors are responsible for this disease. These factors are believed to affect DNA and micro-RNA expression through epigenetic
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regulation mechanism [5-7]. SSc is diagnosed clinically based on patient’s present history and physical examinations. Skin thickening
accompanied by manifestations of internal organs’ involvements make the diagnosis almost definite. Laboratory findings consist of
mild anemia (normocytic or microcytic) and elevated inflammatory markers (such as Erythrocyte sedimentation rate and C-reactive
protein levels in serum). These markers can play a role in choosing treatment strategies and determining disease prognosis [8-10].
Disease severity is evaluated mostly through Medsger scale, which is assessed based on the severity of involvement in nine organs
(Medsger et al.) [11]. there is not any single laboratory test to evaluate disease severity, although some hematologic indices (including
neutrophil/lymphocyte ratio (NLR) and monocyte/lymphocyte ratio (MLR)) can reflect disease severity [12,13]. NLR is routinely used
as a prognostic factor in cardiovascular disease, infections, inflammatory disease and cancers [14]. It may also be used to predict
mortality and morbidity in SSc patients according to its inflammatory nature. In this study, we evaluated the association between
hematologic indices and Medsger score of disease severity.

2. Materials and methods

One hundred and twenty-three patients were enrolled in this study via consecutive sampling from February 2020 until February
2021. All patients were diagnosed with systemic sclerosis (confirmed by a rheumatologist based on ACR/EULAR 2013 criteria), they
were above the age of 18 and registered to rheumatology clinic in Razi hospital, Rasht. Patients who underwent high-dose cortico-
steroid treatments and the ones with uncontrolled diabetes mellitus, neoplasms, recent infections and other hematologic diseases were
excluded. Also 123 healthy people, who were referred to our clinic with laboratory test results, were chosen as control group in this
study through consecutive sampling. Their past medical records were checked to ensure absence of registered rheumatologic diseases
and they also underwent clinical and paraclinical investigation by a rheumatologist to exclude patients who are likely to be involved
with rheumatologic disorders.

Demographic information and past medical records were gathered in first appointment. Patients’ organ involvements were noted in
Razi clinic’s data registration and Medsger score of disease severity was calculated based on the severity of the involvement of nine
major organs. Each organ involvement is evaluated with a severity score of zero (normal), one (mild), two (moderate), three (severe)
and four (end stage) and the total score indicates Medsger score of disease severity. A blood sample was sent for each patient to
determine following laboratory findings; complete blood count with cell differentiation, ESR and serum levels of CRP. NLR and MLR
were calculated for each patient based on the results of the mentioned tests.

In this survey, we used mean, standard deviation, median, minimum and maximum to define quantitative data and frequency
(percentile) for qualitative data. Independent T-test (or Mann Whitney U test) was used to compare the results in case and control
groups. Correlation between hematologic indices and Medsger score (and its 9 components separately) was assessed via Pearson
correlation coefficient (or spearman correlation coefficient). Multiple logistic regression and multiple linear regression models were
used to determine predicting factors of the existence of SSc and its severity, respectively. All results were analyzed with 95% Confi-
dence Interval (a« = 0.05).

3. Ethical Considerations

This study was approved by Ethics Committee of Guilan University of Medical Sciences (Code: IR. GUMS.REC.1400.160, Date: 14-
07-2021).

4. Results

One hundred and twenty-three patients with definite diagnosis of SSc were enrolled in this study, along with 123 healthy controls.
Majority of patients (61.79%) were in the age group of 40-60 years. 89% of patients were female and 6% of patients had a history of
smoking or alcohol consumption. 16% of patients had diabetes mellitus, 34% had cardiovascular disease, 27% had HTN, 59% had
dyslipidemia and 14% had thyroid dysfunction. Mean disease duration (from the onset of first non-Raynaud symptom) was 9.54

Table 1
Demographic and clinical characteristics of individuals divided by groups.
Cases (n = 123) Controls (n = 123) Total (n = 246) P Value
Age <40 years 17 (13.82%) 37 (30.08%) 54 (21.9%) 0.01
40-60 76 (61.79%) 58 (47.15%) 134 (54.47%)
>60 years 30 (24.39%) 28 (22.76%) 58 (23.58%)
Sex Male 14 (11%) 57 (46%) 71 (29%) <0.01
Female 109 (89%) 66 (54%) 175 (71%)
Smoking 5 (4%) 30 (24%) 35 (14%) <0.01
Alcohol consumption 2 (2%) 16 (13%) 18 (7%) <0.01
Diabetes mellitus 19 (15%) 20 (16%) 39 (16%) 0.86
Cardiovascular disease 42 (34%) 21 (17%) 63 (26%) <0.01
HTN 33 (27%) 20 (16%) 53 (22%) 0.04
Dyslipidemia 73 (59%) 20 (16%) 93 (38%) <0.01
Hypothyroidism 17 (14%) 7 (6%) 24 (10%) 0.03
Hyperthyroidism 0 0 0 -
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(Standard Deviation = 7.26) years and mean Medsger score for patients was 7.42 (SD = 2.77). Age group distribution was significantly
different in two groups. furthermore, frequency of female sex, cardiovascular disease, HTN, dyslipidemia and hypothyroidism were
significantly higher in SSc patients in comparison to control group. On the contrary, smoking and alcohol consumption was signifi-
cantly more frequent in control group. Patients’ demographic and clinical information is available in Table 1 and Table 2.

Table 3 demonstrates the comparison of laboratory findings between two groups. Neutrophil count, ESR, RDW and NLR were
significantly higher in SSc patients in comparison to controls. In contrast, serum levels of hemoglobin and MPV were significantly
lower in SSc patients.

Table 4 shows the correlation between the components of Medsger score and NLR and MLR. While NLR was significantly correlated
with pulmonary and cardiac involvements, MLR was significantly correlated with the involvement of joint and tendons. There was not
any significant correlation between other organs’ involvements and mentioned hematologic indices.

As shown in Table 5, after controlling the effect of intervening variables, NLR is a predicting factor of disease severity (P = 0.041, §
=0.347). Hemoglobin (P = 0.012, § = —0.437), ESR (P = 0.010, $ = 0.030) and male to female ratio (P = 0.043, p = —1.71) were also a
predicting factor for disease severity.

In this study, we found a cut off Value of 1.9 for NLR as a predictor for disease severity in our patients with 62.6% sensitivity and
52% specificity. The result is shown as a ROC curve in Fig. 1.

5. Discussion

One hundred and twenty-three patients with mean Medsger score of 7.42 were enrolled in this study along with 123 healthy
controls. Of 123 patients, 61.8% were between the age of 40 and 60, 88.6% were female and 5.7% had a history of smoking or alcohol
consumption. Rates of diabetes mellites, alcohol consumption and smoking were higher in controls, while other underlying diseases
were more prevalent in SSc patients.

In this study, NLR was significantly higher in SSc patients in comparison to control group. This result is compatible with the ones
reached in many previous studies [15-20]. ME Yayla et al. stated that inflammatory process can lead to a rise in neutrophil count and a
decrement in lymphocyte count, which will result in increased NLR [17]. Hussein et al. also stated that neutrophils may increase in SSc
patients as a result of inhibition of inactivators of chemotactic factors [21]. Some recent studies proposed NLR as a novel marker for
infection and inflammation [22,23]. This can be justified by considering the great role of neutrophils in inflammatory process through
inducing inflammatory cytokines’ production [24]. Neutrophils have multiple roles in the pathogenesis of SSc including induction of
endothelial cells’ apoptosis [25] and increasing fibrosis via Reactive oxygen species production [26,27]. Formation of NETs, which
contain large amount of intra-cellular and extra-cellular items, by activated neutrophils can lead to activation of immune system
against potential autoantigens and development of endothelial injury. Both mentioned processes play a vital role in pathogenesis of SSc
[28-30]. Increased production of inflammatory cytokines (such as GM-CSF, IFN-c, TNF-o and IL-6), which evidently stir up the
activation of neutrophils, confirm the role of neutrophils in pathogenesis of SSc [31].

In our study, NLR was a significant predictor for disease severity (based on Medsger score) after controlling confounding variables
(including past medical records, smoking and etc.). Previous studies have shown the correlation between NLR and disease severity or
activity based on different scales (e.g., Medsger, Rodnan, Valentini, EUSTAR) [17,32]. severity of other autoimmune diseases was also
confirmed by some studies to be related with NLR [33,34]. Our study also presented that NLR had a significant correlation with cardiac
and pulmonary involvement in SSc patients. Many studies have confirmed the correlation between NLR and various organs’ in-
volvements like muscle weakness [16], peripheral vascular ischemia or digital ulcers [16,17], cardiac involvement [35] and pul-
monary involvement [18-20,32,35]. G Cuomo et al. presented a positive significant correlation between NLR and sPAP [32]. A Kim
et al. study showed no significant correlation between NLR and Pulmonary hypertension, Rodnan score and presence of digital ulcers
[18].

Previous studied have shown increased MLR in patients with cardiovascular and inflammatory diseases like SLE, RA and AS [36,
37]. ME Yayla et al. study showed a significant correlation between MLR and Medsger, Rodnan and EUSTAR scores [17]. Yang Z et al.
showed significantly higher MLR in SSc patients in comparison to healthy controls, but it didn’t confirm the correlation between MLR
and disease severity [36]. In our study, there was no significant difference in MLR between two groups. There wasn’t any correlation
between MLR and Medsger score in our patients either. However, it was correlated to the involvement of joints and tendon.

In our study, platelets count was not significantly different between SSc patients and healthy controls. Many studies have shown
similar results [15,17,20] while others demonstrated a significant difference between two groups [16,38]. Platelets play a crucial role
in the pathogenesis of SSc with overproduction and release of ROS, cytokines, growth factors, High mobility group box 1 and serotonin
[39-41]. These inflammatory mediators lead to increased production of collagen, activation of myofibroblasts, endothelial cell
damage and impaired vascular repair. Mentioned events result in peripheral vascular damage and its ischemic complications such as
digital ulcers [40-44]. Furthermore, an association is known to be between platelets activation and Raynaud phenomenon, which is
mostly the first manifestation of SSc [45,46].

Table 2
Distribution of disease duration and Medsger score.
Mean + SD Median Minimum Maximum
Medsger score 7.4+ 2.8 7 (IQR: 5-9) 1 17

Disease duration (years) 95+7.2 8 1 33
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Table 3
Comparison of laboratory results between two groups.
Cases (n = 123) Controls (n = 123) P Value

ESR 28.2 +£21.6 7.8+ 3.2 < 0.01
CRP 6.3+6 4.5+ 2.1 0.87
WBC ( x 1000) 84+1.6 75+1.7 0.23
RBC ( x 106) 4.6 £ 0.6 4.6 + 0.6 0.89
Platelets ( x 1000) 272 + 95 266 + 72 0.87
Hemoglobin 123 +15 13.6 £1.7 < 0.01
Neutrophil (%) 62.4 +£10.4 59.7 £ 8.5 0.03
Lymphocyte (%) 29.8 £ 9.9 31.9 + 7.4 0.07
Monocyte (%) 5.1+3.2 53+28 0.41
MPV 85+1.2 9.2+53 0.03
RDW 14.8 + 6.2 13.2+1.4 < 0.01
NLR 25+ 1.4 2.1+0.8 0.02
MLR 0.2+0.2 0.2+0.1 0.82

Table 4
Correlation between the components of Medsger score and NLR and MLR.
NLR MLR
General R —0.078 0.034
P Value 0.39 0.71
Peripheral vessels R —0.039 0.016
P Value 0.67 0.86
Skin r 0.023 0.103
P Value 0.80 0.26
Joints and tendon r 0.094 0.185
P Value 0.30 0.04
Musculoskeletal r —0.004 -0.112
P Value 0.97 0.22
Gastrointestinal system r —0.094 —0.014
P Value 0.30 0.89
Lung r 0.304 0.159
P Value < 0.01 0.08
Heart T 0.335 0.073
P Value < 0.01 0.42
Kidneys r 0.139 0.107
P Value 0.12 0.24
Table 5
Predicting factors of disease severity based on Medsger score.
Unstandardized coefficient Standardized coefficient P Value 95% CI for B
B SE B Lower Upper
Sex (M/F ratio) —1.708 0.834 —0.197 0.04 —3.360 —0.057
WBC —4.056E-5 0.000 —0.170 0.06 0.000 0.000
Hemoglobin —0.437 0.172 —0.236 0.01 -0.777 —0.097
ESR 0.030 0.011 0.231 0.01 0.007 0.052
NLR 0.347 0.168 0.179 0.04 0.015 0.679
Constant 14.640 3.213 - 0.00 8.276 21.004

It was also shown in our study that MPV was significantly lower in SSc patients in comparison to the healthy controls. The result on
changes of MPV in SSc in patients is controversy in previous records. While some records support our results [38], others show higher
MPV in SSc patients in comparison to the control group [16,47]. There also some studies that show no significant difference in MPV
between SSc patients and healthy controls [17]. Our results showed no correlation between MPV and disease severity. Previous studies
mostly showed a negative correlation between MPV and disease severity [38,47]. Studies on other rheumatologic disorders (like RA
and AS) show a negative correlation between MPV and disease activity, too [48]. Decreased MPV may be present due to impaired
thrombopoiesis in systemic inflammation in rheumatologic diseases [49].

We found higher RDW in SSc patients compared to healthy controls. There are many studies showing the same result accompanied
by a significant correlation between RDW and disease severity [16,17,50]. ME Yayla et al. and N Farkas et al. suggested that RDW can
be used as a severity and prognostic factor in SSc patients [17,50]. RDW reflects numerous pathological processes in SSc, like oxidative
stress, thrombosis, inflammatory state and endothelial dysfunction [47,51-56]. Increased levels of cytokines can also affect the
function of erythropoietin and lead to production of immature RBCs. This process ends in elevated RDW [57]. It’s proposed that higher
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Fig. 1. ROC curve to determine a cut off value for NLR to predict disease severity.
RDW, which is caused by inflammatory processes, can be associated with activating coagulative state [58].

Other factors like hemoglobin, ESR and female gender were shown to be a predictor for disease severity, too. Previous studies also
show the effect of decreased hemoglobin on disease severity and its mortality [16,17,59].

We reached a cut-off value of 1.9 for NLR to predict higher Medsger scores. Jung et al. proposed higher risk of SSc-ILD in NLR above
2.59 [20]. N Atilla et al. suggested cut-off value of 3.21 for NLR to predict pulmonary involvement [19]. The mentioned cut-off values
are both higher than the one proposed in our study. On the other hand, they are predicting only one component of Medsger score.
6. Limitations

A longer follow-up and a larger sample size can always improve the accuracy of results.
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