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ABSTRACT: Objectives: To quantify levels of two inflammation-related indexes, namely neutrophil-lymphocyte ratio
(NLR) and systemic immune-inflammation index (Sll) in systemic scleroderma patients and determine the association
with clinical manifestations and features of heart ultrasound. Methods: The study group consisted of 34 patients with
diagnosis of systemic scleroderma which were admitted to the hospital during 2015-2019. Patient data included the
presence and type of clinical manifestations of systemic scleroderma, chest imaging to screen for lung disease, heart
ultrasound reports and the laboratory investigations needed to quantify inflammatory indexes. We analysed the levels
of inflammatory indexes and compared results based on the prevalence of systemic manifestations. Results: Higher
serum levels of NLR and SlI are associated with the presence of joint, lung and pericardial involvement. Statistical
significance was observed only for NLR levels with regard to the presence of articular involvement and ILD. Low ejection
fraction was also associated with higher levels of both inflammatory indexes, without statistical significance. Conclusion:
Inflammatory indexes are cost-effective markers that reflect active disease manifestations of systemic scleroderma and
can thus be a useful tool to include in the regular follow-up of patients in order to better inform organ-specific

assessments.
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Introduction

Systemic scleroderma (SSc) is a rare
autoimmune condition without a well-defined
etiology which commonly features skin
thickening which can associate internal organ
involvement through inflammatory lesions and
fibrosis.

It is more common in women and develops
usually in the age interval from 30 to 50 years.

It is classified in diffuse and limited forms
depending on the extent of skin involvement.

One common pathologic process which
underpins SSc development and organ-specific
manifestations is the vascular injury.

Alterations in the function of vascular
endothelium and dysregulated angiogenesis leads
to microcirculatory disorders in the form of
capillary loss and arterial stenosis.

The accumulation of free radicals and
products of oxidative stress triggers an
inflammatory reaction, infiltration of circulating
immune cells in the perivascular ares that will
facilitate the activation of interstitial fibroblasts
and deposition of collagen fibers in the
extracellular matrix [1-3].

Clinical manifestations of SSc typically
include thickening of the skin and Raynaud’s
phenomen which can associate various internal
organ involvement such as the lungs,
gastrointestinal  tract, heart, kidneys or
musculoskeletal system [4].

Diffuse cutaneous SSc is associated with a
poorer prognosis, faster organ involvement
progression and a lower 10-year survival rate
compared to the limited cutaneous form [4].

Cardiac disease in SSc can be primary or
secondary to lung or kidney abnormalities and it
is considered one of the main causes of mortality.

Most heart structures can be affected by SSc
and this can lead to various heart abnormalities
such as coronary heart disease, left ventricle
dysfunction (systolic or dyastolic), conduction
abnormalities or myocardial fibrosis [5].

Risk factors for cardiac disease in SSc include
male sex, onset at older age, rapid progression of
skin disease and diagnosis of diffuse cutaneous
form [6].

One of the main pulmonary manifestations of
SSc is the interstitial lung disease (ILD) with a
pattern called nonspecific interstitial pneumonia
(NSIP) that features ground glass opacities.
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Pulmonary arterial hypertension (PAH) can be
a direct result of pre-capillary pulmonary
arterioles remodeling or it can arise secondary to
ILD of left heart dysfunction [5].

Assessment of disease severity is based on the
extent of specific organ involvement which can
be underdiagnosed in the early stages when these
can be clinically silent.

Novel inflammatory-related serum markers
including the neutrophil-to-lymphocyte ratio
(NLR) and the systemic immune-inflammation
index (SIl) have been proven to reflect
inflammatory status and prognosis in various
clinical setting such as cancer, coronary artery
disease and inflammatory diseases [7].

Higher levels of NLR and Sl result from an
imbalance of the peripheral inflammatory cells.

The formula for calculating Sl is
plateletsxneutrophils+lymphocytes.

More recent studies in patients with
rheumatoid arthritis [8,9], systemic scleroderma
[7] or systemic lupus erythematosus [10,11] have
shown the potential use of these inflammatory
indexes for monitoring disease activity.

The aim of our study was to quantify levels of
NLR and Sl in patients diagnosed with systemic
scleroderma and determine associations with
clinical manifestations and heart ultrasound
features.

Methods

We conducted a retrospective study on data
retrieved from patients diagnosed with SSc which
were admitted to the Rheumatology Clinic of the
Emergency County Hospital Craiova between
2015-2019. Patients did not have a history of SSc
diagnosis or immunosupresive therapy prior to
admission.

The study population included 34 patients
with SSc either diffuse or limited cutaneous form.

Clinical data collection included
demographics, clinical form, type of systemic
manifestation which was present at the moment
of admission.

During the selection process only patients
with extensive cardiopulmonary assessment were
included.

This required that each patient had performed
electrocardiogram, heart ultrasound, lung
computed tomography (CT) and pulmonary
function tests.

Patients with preexisting heart or lung disease
were excluded.

With regard to therapy, no patient was taken
corticotherapy or other immunosupresive drugs

such as metotrexate, micofenolat mofetil or
cyclophosphamide.

Prior to inclusion in the study, an informed
consent form was signed by all patients.

A study approval was granted by the
institutional Ethics Committee with registered nr.
206/20.09.2023.

Data from laboratory investigations included
complete blood count based on which further
calculations were performed in order to
determine the levels of NLR and SII.

The obtained data were recorded in Microsoft
Excel files, anonymously to preserve the
confidentiality of the individuals included in the
study, then being processed statistically, in order
to analyze the relationships between the clinical,
laboratory and imaging features.

Categorical data is summarised as percent
prevalence.

Analysis for continuous data included mean
and standard deviation for variables which are
normally distributed or median and interquantile
range for nonparametric variables.

Significant differences between continuous
variables were analyzed by performing an
Independent Sample t Test or Mann-Whitney
test. R version 4.3.2 was used for statistical
analysis and data visualization.

Results

The study population consists of 34 patients
with a diagnosis of SSc, with a mean age of
54 years, and a ratio of females to males of 32:2.

Almost all patients (94%) displayed clinical
features suggestive of skin involvement and
Raynaud’s phenomenon.

Other notable clinical manifestations with
high prevalence that we’re observed in the study
group included articular (arthralgia or arthritis-
82%), digestive (47%) and pulmonary
involvement (ILD-32%, PAH-68%).

About one third of patients registered a low
ejection fraction.

Characteristics of patient population are
presented in Table 1.

Heart ultrasound parameters which were
recorded included measurements of the
ascending aorta, aortic ring, interventricular
septum, both atria and ventricles.

The estimated pulmonary arterial systolic
pressure ranged from 20 to 35mmHg, with a
mean value of 28mmHg.

A summary of heart ultrasound assessments
with mean values and range of measurements
registered is displayed in Table 2.
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Table 1. Study population characteristics.

Characteristic N =34/
Age 54 (11)
Gender
Female 32 (94%)
Male 2(5.9%)
Clinical manifestations
Skin 32 (94%)
Raynaud’s phenomenon 32 (94%)
Articular 28 (82%)
Gastrointestinal 16 (47%)
Interstitial lung disease 11 (32%)
Pulmonary arterial hypertension 23 (68%)
Valvulopathy
mitral 15 (44%)
tricuspid 10 (29%)
aortic 7(21%)

Low ejection fraction

12 (35%)

Mean (SD), n (%)

Table 2. Summary of ultrasound measurements.

Ultrasound feature (mm) Mean (SD) Range
Pulmonary arterial systolic pressure 28 (3) 20, 35
Aortic ring 19 (2) 14, 27
Ascending aorta 30 (2) 21.35
Interventricular septum 10.68 (1.76) 8.20, 17.00
Right ventricle 333(4.1) 25.0,41.0
Left ventricle 46.6 (5.6) 33.0,62.0
Right atrium 40.8 (6.0) 30.0, 52.0
Left atrium 40 (4) 28, 48

The analysis of inflammatory indexes NLR
and SII with regard to the presence of clinical
manifestations revealed some association.

In general, higher levels of both inflammatory
indexes were recorded in the presence of all
clinical features analyzed, with the exception of
Sll levels in the presence of Gl tract involvement.

Importantly, statistically significant
differences were observed for NLR levels in
patients with articular involvement (3.13) and
ILD (3.68), compared with patients without these
clinical manifestations (1.9 and 255,
respectively) (Figure 1).

Among all clinical features analyzed, superior
levels for both NLR and SlI were registered in
patients with pulmonary involvement.

The highest value for NLR was observed in
association with ILD, while the highest value for
SII was observed in patients with PAH.

In addition, both NLR and SlI registered
higher values in association with the presence of
low ejection fraction and pericardial effusion,
although  without  statistically  significant
differences (Table 3).

Interestingly, lower values for NLR and SlI
were obtained among patients with mitral,
tricuspid or aortic valvulopathy.

This difference was statistically significant
with regard to SII in patients with tricuspid
valvulopathy.
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Figure 1. Serum levels of inflammatory indexes in relation to clinical manifestations;
NLR-neutrophil-lymphocyte ratio, Sll-systemic immune-inflammation index, Gl-gastrointestinal,
ILD-interstitial lung disease, PAH-pulmonary arterial hypertension.

Table 3. Inflammatory indexes values in relation to pathologic heart ultrasound findings.

low ejection mitral tricuspic aortic pericarchal
AT ETE fraction valvulopathy valvulopathy valvulopathy effusion
finding
ves no ves no yes no ves no ves no
nr. of patients 12 22 15 19 10 24 7 27 3 31
Mean 3.03 2.85 2.87 2.95 2.43 31 2.80 294 3.66 2.84
NLR (5D) (0.72) | (1.47) | €(1.58) | (0.95) | (1.09) | (1.27) | (L.O35) | (1.31) | (2.77) | (1.06)
0.65 0.87 0.12 0.76 0.66
value®
Mean | 438.07 | 432.33 | 399.98 | 461.50 | 239.82 | 515.41 | 328.06 | 461.91 | 790.01 | 399.94
SII (SD) (178) (496) (486) (347) (282 (430) (319 (430) (759) (362)
0.96 0.08 0.04 0.38 0.47
value™®

NLR-neutrophil-lymphocyte ratio, Sll-systemic immune-inflammation index, *Two Sample t-Test

Furter analysis compared measurements of
heart ultrasound parameters with regard to the
presence of cardiac abnormalities or SSc disease
manifestations.

Among these comparisons and excluding the
self-evident relation of PAH and increased
volume of right ventricle, only cases with low
ejection fraction recorded statistically significant
differences with higher values of the mean
estimated pulmonary arterial systolic pressure

and interventricular septum compared to patients
with normal ejection fraction (Table 4).

Numerically higher mean values were
observed also for measurements of ascending
aorta, right atrium and left ventricle in patients
with low ejection fraction, while patients with
aortic and mitral valve insufficiency registered
numerically  higher values of estimated
pulmonary arterial systolic pressure.

Table 4. Ultrasound measurements with regard to the presence of low ejection fraction.

low ejection fraction

Ultrasound feature (mm) ves, N =12/ no, N =22/ p-value’
Pulmonary arterial systolic pressure 29(3) 27(3) 0.016
Ascending aorta 30(2) 29(3) 038
Aortic ring 19(3) 19(2) 0.8
Interventricular septum 11.92 (2.07) 10.01 (1.14) 0.003
Right ventricle 329(3.9) 335(4.2) 0.8
Right atrivm 423(6.0) 40.0(5.9) 0.4
Left atrium 40(3) 40(5) >0.9
Left ventricle 481(8.1) 458(3.7) 0.8

‘Mean (SD); “Mann-Whitney test
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Discussion

Assessment of disease severity in SSc requires
a detailed examination of components of both
disease activity and damage. In the early phases
of the disease, the main pathologic process
driving clinical symptoms is the disease activity
(i.e., inflammation).

In time, irreversible organ damage develops
and constitutes the predominant disease feature
associated with morbidity.

It is essential to evaluate the disease severity
and identify prognostic factors in the first years
of onset since it is known that the majority of SSc
organ involvement will occur in the first two to
five years [12,13].

A well-established disease severity scale is the
Medsger scale which includes nine organ
systems.

Each organ domain has individual parameters
that can be assessed and are then scored on a
0-4 scale [14].

It is observed through prospective studies that
increased morbidity and mortality are associated
with a higher disease severity at baseline.

It is thus essential to identify the patients at
risk to develop severe organ manifestations and
life-threatening complications which should
benefit from close monitoring and more
aggressive immunosuppressive therapy.

Prognostic factors associated with a poor
prognosis and worse survival are diffuse
cutaneous SSc, cardiac and lung involvement
[13,15,16].

Although SSc survival has improved over
time, the main causes of death are still related to
heart, lung and kidneys complications [17].

In the study based on the EULAR
Scleroderma Trials and Research (EUSTAR)
database, which included 5860 patients, 55% of
deaths (N=234) were attributed to SSc.

Of these, 35% were related to ILD, 26% to
PAH and 26% to heart involvement; the main
cardiac causes were heart failure and arrythmia
[18].

Serum levels of C reactive protein and
erythrocyte sedimentation rate can signify
disease activity and are increased especially in
the early course of the disease [19,20].

Apart from these routinely used inflammatory
markers, other laboratory test derived from the
complete blood count report can be utilized to
assess disease activity and predict severity in SSc.

Some of these tests include the neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), neutrophil-to-monocyte ratio (NMR)

and the systemic immune-inflammation index
(stn.

The NLR and Sl have been shown to be able
to predict outcomes in different clinical settings
such as coronary artery disease and cancer.

Also, it has been previously been proven that
NLR may reflect disease activity in systemic
autoimmune diseases such as RA [8], SLE
[10,11], ankylosing spondylitis [21] and SSc [7].

In a meta-analysis performed by Wang et al.,
NLR was significantly higher SLE patients with
active disease compared to inactive disease and
in those with lupus nephritis as opposed to those
without lupus nephritis [11].

Studies showed positive correlations of NLR
with DAS28 score in RA patients [21] and
SSDAI in Sjogren’s syndrome patients [22].

A recent meta-analysis by Mangoni et al.
which included 16 studies offers insight into the
clinical associations of Sl and several
autoinflammatory and autoimmune diseases [23].

Neutrophiles participate in both initiation and
progression of the inflammatory process through
the release of proinflammatory cytokines.

High neutrophile activity coupled with
increased lymphocyte apoptosis are signs of
uncontrolled systemic inflammation and explains
why the NLR reflects a pro-inflammatory status.

In addition to this, it is known that neutrophils
induce endothelial cell apoptosis which is
considered one of the initial pathogenic events in
SSc [24].

Studies on SSc patients focused mainly on
NLR, NMR and PLR, which revealed promising
results regarding the potential use as activity and
prognosis markers [7,25-31].

Literature review revealed that currently there
is a research gap regarding the use of SlI in
assessment of SSc patients.

We analyzed both NLR and SII and compared
results based on the presence of clinical
manifestations.

Our study showed that for both inflammatory
indexes, the presence of joint, lung and
pericardial involvement was associated with
higher values.

Statistical significance was observed only for
NLR levels with regard to the presence of
articular involvement and ILD.

Studies that include NLR in their analysis
have consistently shown that compared to healthy
controls, SSc patients have significantly higher
NLR values [7,25-31].

Regarding the relation with certain clinical
manifestations, studies have shown that higher
values of NLR are associated with interstitial
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lung disease [7,27-31], cardiac disease [7,31],
digital ulcers [26,28,31] and muscle weakness
[25].

Moreover, in studies by Jung et al and Atilla
et al, cut-off values of NLR have been calculated
for the prediction of ILD [29,30].

Importantly, the level of NLR could be
correlated in some studies with established
disease activity scores such as Medsger severity
score and EUSTAR activity index [7,26].

This study included patients with a
comprehensive cardiovascular and pulmonary
assessment.

Inflammatory tests derived from complete
blood count included both NLR and SlI, the latter
being a novel inflammatory marker studied in
SSc.

One important aspect of the design of this
study is the inclusion of patients at first admission
to the rheumatology department, without prior
therapies for SSc limiting the influence of
specific medications on inflammatory marker
levels.

One important limitation of this study consists
in the lack of a control group, coupled with a
small study population.

Also, due to the retrospective design of the
study, data collection was unable to retrieve
activity scores or Rodnan skin score for all
patients and thus correlations could not be
performed  between these scores and
inflammatory markers.

Future research agenda could include the
study of how inflammatory indexes correlate with
disease progression in time, ability to prediction
of future organ involvement and the sensitivity to
therapy response.

Conclusion

Increased levels of NLR and Sl are observed
in the presence of specific clinical manifestations
related to systemic scleroderma.

Multiple cardiopulmonary manifestations are
associated with higher levels of inflammatory
indexes which in turn reflect an active disease.

The development of novel and accessible
prognostic markers for disease activity and
severity is a crucial step for improving the
management of patients with  systemic
scleroderma.
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