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Abstract
Objective
Plasma myeloperoxidase (MPO) levels have been associated with cardiovascular disease in the general population.
However, their relationship to cardiovascular manifestations in systemic sclerosis (SSc) remains unexplored.
This study aims to investigate the association between circulating MPO and SSc disease characteristics,
incorporating a comprehensive assessment of lipid profiles, carotid atherosclerosis, and metabolic syndrome.

Methods
This cross-sectional study encompassed 81 individuals with confirmed systemic sclerosis (SSc). All SSc patients
underwent a complete clinical evaluation. Serum MPO levels and lipid profiles were assessed. To elucidate potential
associations between MPO and both SSc-specific manifestations and cardiometabolic parameters, we employed
multivariable linear regression analyses.

Results
Disease characteristics, including SSc subtype (diffuse or limited), Rodnan skin score, and the presence of visceral
involvement (e.g. pulmonary, or other organ involvement) and autoantibody profiles, showed no correlation with
MPO levels. However, significant and positive associations were observed, after multivariable adjustment, between
MPO values and the presence of metabolic syndrome, LDL: HDL cholesterol ratio, non-HDL cholesterol,
apolipoprotein B levels, apolipoprotein B:Al ratio, and the atherogenic index.

Conclusion
Circulating MPO levels do not correlate with specific SSc disease manifestations. However, higher MPO values are
associated with the presence of metabolic syndrome and an unfavourable lipid profile in patients with this condition.
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Introduction

Systemic sclerosis (SSc), also called
scleroderma, is a chronic multisystem
disease marked by widespread vascu-
lar dysfunction and progressive fibrosis
affecting both the skin and internal or-
gans (1). This condition is notably het-
erogeneous, as reflected in its diverse
range of organ manifestations, variable
disease progression, severity, and clini-
cal outcomes (2). In this regard, SSc
is generally classified according to the
extent of skin involvement, patterns
of internal organ involvement, and the
presence of overlapping features with
other systemic rheumatic diseases.
Based on these criteria, the primary
subsets of SSc include limited cutane-
ous, diffuse cutaneous, SSc sine sclero-
derma, and SSc overlap syndrome (3).
Cutaneous manifestations, such as skin
thickening and induration, along with
Raynaud’s phenomenon, are nearly
universal clinical features of SSc. Ad-
ditional characteristics of the disease
include digital ulcers, tissue loss, mus-
culoskeletal symptoms, and involve-
ment of the gastrointestinal, pulmo-
nary, and cardiac systems (4, 5). Cardi-
ovascular disease is common but often
underrecognised in patients with SSc.
Contributing factors to vascular issues
in SSc, which overlap with those seen
in atherosclerosis, include endothelial
dysfunction, a reduced number of cir-
culating endothelial progenitor cells,
and an increase in microparticles. In-
dicators of elevated cardiovascular
risk in SSc patients include increased
arterial stiffness, carotid intima-media
thickening, and reduced flow-mediated
dilatation (6, 7). Because of that, SSc
patients are at an increased risk of ath-
erosclerosis compared to healthy indi-
viduals. A systematic review and meta-
analysis screened over 3,000 studies,
ultimately including 31 in the review
and 14 in the meta-analysis, to compare
SSc patients with healthy individuals
using various assessments, such as ca-
rotid intima-media thickness (cIMT),
flow-mediated vasodilation, and other
vascular imaging techniques (8). The
results revealed that SSc patients had
significantly higher cIMT and reduced
flow-mediated vasodilation, indicat-
ing a greater prevalence of coronary

atherosclerosis, peripheral vascular
disease, and cerebrovascular calcifica-
tion. These differences were influenced
by factors such as disease duration and
patient age. The study concluded that
SSc patients are at an elevated risk
for atherosclerosis and called for fur-
ther research to clarify the underlying
mechanisms (8).

Metabolic syndrome is relatively com-
mon in patients with SSc, potentially
exacerbating the risk of cardiovascu-
lar disease (9). Features of metabolic
syndrome, such as abnormal lipid pro-
files and insulin resistance, can further
impair overall health outcomes and
contribute to higher rates of morbidity
and mortality. In this context, Atzeni
et al. stressed the importance of rou-
tine metabolic syndrome screening as
a key component of clinical care for
SSc patients, emphasising the need of
management of individual metabolic
syndrome components to improve
prognosis and reduce cardiovascular
risk (9). In addition, SSc patients ex-
hibit abnormal lipid profiles compared
to healthy controls, including reduced
cholesterol efflux capacity (10). Fur-
thermore, insulin resistance has been
independently linked to the presence of
digital ulcers in SSc patients and may
serve as a potential biomarker for mi-
crovasculopathy in these patients (11).
Myeloperoxidase (MPO) is an abun-
dant heme peroxidase enzyme found in
granules of neutrophils and monocytes
(12). Its physiological role appears
to be a critical component of phago-
cytic microorganism-killing activities
of the innate immune system (13). In
this regard, opsonised bacteria are en-
gulfed into phagocytic cells into an
intracellular compartment known as a
“phagosome”. Then, MPO and other
antimicrobial systems stored in cyto-
plasmic granules fuse and are released
into phagosomes containing ingested
microorganisms. Hence, MPO has
been proposed to be involved in the
destruction of bacteria, protozoa, para-
sites, viruses, and even some tumour
cells (14). Besides, MPO hereditary
deficiency predisposes to immune de-
ficiency (15). Also, antibodies against
MPO have been implicated in various
types of vasculitis, most prominently
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three clinically and pathologically rec-
ognised forms: granulomatosis with
polyangiitis, microscopic polyangiitis,
and eosinophilic granulomatosis with
polyangiitis (16).

Recent findings suggest that beyond its
established antimicrobial role, MPO
can also influence immune cells and
modulate tissue responses, playing a
part in both healthy and pathological
processes (17). In this regard, higher
levels of MPO are associated with the
presence of coronary disease and may
be predictive of the presence of acute
coronary syndrome in patients with
chest pain (18-20). In a nested case-co-
hort study from the MONICA/KORA
Augsburg involving 333 cases with
CHD and 1727 controls followed for
an average of nearly 11 years, patients
with elevated MPO levels had signifi-
cantly greater likelihood of developing
coronary heart disease after adjusting
for traditional major cardiovascular
risk factors (hazard ratio 1.70 for top
tertile versus bottom two tertiles, 95%
CI 1.25-2.30) (20). Besides, among
patients with chronic systolic heart
failure, elevated plasma MPO levels
have been associated with an increased
likelihood of more advanced heart fail-
ure and may be predictive of a higher
rate of adverse clinical outcomes (21).
MPO has also been involved in lipid
metabolism. Apolipoprotein A-1, the
primary protein constituent of high-
density lipoprotein (HDL), is a selec-
tive target for MPO-catalysed nitration
and chlorination in vivo, and MPO-cat-
alysed oxidation of HDL and apoA-I
results in selective inhibition of choles-
terol efflux from macrophages (22).

In this study, we aimed to determine
whether MPO serum values are related
to specific disease characteristics, in-
cluding a comprehensive cardiovas-
cular profile encompassing metabolic
syndrome, lipid profile, and subclinical
carotid atheromatosis.

Methods

Study participants

This cross-sectional study included 81
patients with SSc, all of whom were 18
years or older and met the 2013 Ameri-
can College of Rheumatology/Europe-
an League Against Rheumatism classi-
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fication criteria for SSc (23). They had
been diagnosed by rheumatologists
and were periodically followed up at
the rheumatology outpatient clinics of
our institution. The study included un-
selected consecutive SSc patients with
a disease duration of at least one year.
Patients who had experienced a car-
diovascular event were excluded. Sub-
jects were also excluded if they had a
history of cancer or any other chronic
disease, evidence of active infection, or
a glomerular filtration rate of <60 ml/
min/1.73 m2. The study protocol was
approved by the Institutional Review
Committee at Hospital Universitario
de Canarias, and all subjects provided
informed written consent (Approval
code: EscleZ).

Assessments and data collection

Surveys in SSc patients were performed
to assess cardiovascular risk factors
and medication use. Subjects com-
pleted a questionnaire and underwent
a physical examination to determine
anthropometric measurements and
blood pressure. Medical records were
reviewed to ascertain specific diagno-
ses, medications, and comorbidities.
Hypertension was defined as a systolic
or a diastolic blood pressure higher
than 140 and 90 mmHg respectively,
accordingly to current guidelines (24).
Obesity, defined as a body mass index
(BMI) equal to or greater than 30 kg/m?
(25). Disease duration for SSc was de-
fined as the time since the onset of the
first SSc-related symptom other than
Raynaud’s phenomenon. The modified
Rodnan Skin Score (mRSS) skin score
was used to assess skin thickening
(26). This score has been commonly
used as an outcome measure in clini-
cal trials. Oesophageal involvement
was defined as any sign of dysmotility
evident on manometry. Articular in-
volvement was determined by clinical
evidence of joint swelling, deformity,
contractures, and tendon friction rubs.
Interstitial lung disease was defined
instrumentally by forced vital capacity
(FVC)=<80%, forced expiratory vol-
ume in one second- FEV1/FVC=70%)
and/or diffusing capacity of the lung
for carbon monoxide (DLCO)<80%
and interstitial changes on chest high-

resolution computed tomography.
Nailfold capillaroscopy was performed
as previously described (27)and scle-
roderma patterns were sub-graded as
“early”, “active” and “late”(27).
Cardiovascular risk score (SCORE2)
was calculated according to the 2021
European Society of Cardiology guide-
lines on cardiovascular disease preven-
tion in clinical practice (28). SCORE2
categorises risk as low to moderate,
high, or very high based on differ-
ent age groups (<50, 50-69, and =70
years). The SCORE2 scoring system
is designed to estimate the 10-year risk
of both fatal and non-fatal cardiovas-
cular events in individuals between the
ages of 40 and 69 years. However, for
healthy individuals who are 70 years or
older, the SCORE2-OP (older persons)
algorithm provides estimates for both
5-year and 10-year risk of fatal and
non-fatal cardiovascular events.

A carotid ultrasound examination was
performed to evaluate the cIMT within
the common carotid artery. The meas-
urements were carried out using the
EsaoteMylab 70 ultrasound system
from Genova, Italy. This system is
equipped with a 7-12 MHz linear trans-
ducer and employs the Quality Intima
Media Thickness in real-time (QIMT)
automated software-guided radiofre-
quency technique developed by Esaote
in Maastricht, Holland. The assess-
ment process adhered to the guidelines
established in the Mannheim consen-
sus (29), which establishes criteria for
identifying plaques within the accessi-
ble extracranial carotid arteries. These
arteries include the common carotid
artery, the bulb, and the internal ca-
rotid artery. Plaque criteria were es-
tablished as the presence of a localised
bulge within the arterial lumen, with a
measurement of cIMT exceeding >1.5
mm. In addition, the bulge needed to
be at least 50% larger than the adjacent
cIMT or result in an arterial lumen re-
duction of >0.5 mm (29).

Laboratory assessments

Fasting serum samples were collected
and frozen at -80°C until analysis.
Cholesterol, triglycerides, and HDL-
cholesterol were measured using the
enzymatic colorimetric assay (Roche).
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Table I. Demographics of systemic sclero-
sis patients.

Scleroderma
(n=81)
Myeloperoxidase, ng/ml 206 (105-556)
Demographics
Female, n (%) 76 (94)
Age, years 60 + 11
BMI, kg/m? 29+ 6
Cardiovascular comorbidity
Hypertension, n (%) 32 (40)
Current smoking, n (%) 7 (9)
Diabetes, n (%) 709
Dyslipidaemia, n (%) 72 (89)
BMI > 30 kg/m?, n (%) 26 (32)
Statins, n (%) 20 (25)
Aspirin, n (%) 22 (27)
Metabolic syndrome, n (%) 47 (61)
Carotid atherosclerosis
Intima media thickness, microns 663 = 146
Plaque 28 (34)
SCORE?2 calculator, % 4 (2-7)
SCORE?2 categories, n (%)
Low to moderate 45 (56)
High 27 (33)
Very high 9 (11)
Lipid profile
Cholesterol, mg/dl 207 £ 37
Triglycerides, mg/dl 187 £92
HDL-cholesterol, mg/dl 52+ 12
LDL-cholesterol, mg/dl 118 £33
LDL:HDL-cholesterol ratio 24+09
Non-HDL-cholesterol, mg/dl 155+ 36
Lipoprotein A, mg/dl 36 (13-91)
Apolipoprotein A1, mg/dl 165 £ 27
Apolipoprotein B, mg/dl 105 £ 25
Apo B:Apo Al ratio 07+02
Atherogenic index 42+12
Systemic sclerosis related data
SSc type, n (%)
Limited, n (%) 66 (81)
Diffuse, n (%) 15 (19)
Disease duration, years 8 (4-11)
Modified Rodnan Skin Score, units 4 (1-8)
Raynaud phenomenon, n (%) 72 (90)
Digital ulcers, n (%) 12 (15)
Calcinosis, n (%) 13 (16)
Arthritis, n (%) 8 (10)
Gastric reflux, n (%) 41 (51)
Pathological oesophageal 18 (55)
manometry, n (%)
Nailfold capillaroscopy pattern
Normal 16 (22)
Early 24 (33)
Active 11 (15)
Late 2 (3)
Unclassified or not valuable 19 (26)
Interstitial lung disease, n (%) 13 (17)
FVC, % 93+ 18
FEV1, % 100 + 18
DLCO, % 75 £ 20
Pulmonary hypertension, n (%) 12 (18)
Anti-centromere antibody 55 (72)
positivity, n (%)
Anti-Scl70 antibody, n (%) 11 (14)
Therapies
Current prednisone, n (%) 13 (16)
Prednisone, mg/day 5 (5-7.5)
Methotrexate, n (%) 4 (5)
Hydroxychloroquine, n (%) 4 (5)
Bosentan, n (%) 3 (4)

Data represent mean + SD or median (IQR) when
data were not normally distributed.

Oesophageal manometry assessment was available
only for 33 patients.

BMI: body mass index; CRP: C reactive protein;
SSc: systemic sclerosis; HDL: high density lipo-
protein; LDL: low density lipoprotein; SCORE2:
Systematic Coronary Risk Assessment; FVC: forced
vital capacity; FEV: forced expiratory volume;
DLCO: diffusion capacity of the lung for the carbon
monoxide.

1468

Table II. Disease related data association with myeloperoxidase serum levels.

Myeloperoxidase, ng/ml, Beta coef. (95%CI), p

Univariable Multivariable
Demographics
Female 32 (-350-414) 0.87
Age, years -7 (-16-2) 0.11
BMI, kg/m? 04 (-16-17) 0.97
Cardiovascular comorbidity
Hypertension 132 (-59-322) 0.17
Current smoking 53 (-274-381) 0.75
Diabetes -172 (-497-153) 0.30
Dyslipidaemia 14 (-279-307) 0.93
BMI >30 kg/m? 99 (-101-300) 0.33
Statins -8 (-223-207) 0.94
Aspirin 51 (-167-269) 0.64
Systemic sclerosis related data
SSc type
Limited ref.
Diffuse -95 (-332-141) 043
CRP, mg/dl 32 (19-45) <0.001 20 (-8-48) 0.15
Disease duration, years 10 (-7-27) 0.24
Modified Rodnan Skin Score, units 8 (-6-22) 0.27
Raynaud’s phenomenon 179 (-127-485) 0.25
Digital ulcers 46 (-223-315) 0.73
Calcinosis 33 (-227-292) 0.80
Arthritis -24 (-351-304) 0.89
Gastric reflux -148 (-336-40) 0.12 -154 (-339-31) 0.10
Pathological oesophageal manometry  -205 (-636-226) 0.34
Nailfold capillaroscopy pattern
Normal ref.
Pathological -46 (-278-186) 0.69
Interstitial lung disease -16 (-281-250) 091
FVC, % 0.7 (-4-5) 0.74
FEV1, % -09 (-7-5) 0.78
DLCO, % 2 (-2-5) 0.34
Pulmonary hypertension -118 (-345-109) 0.30
Anti-centromere antibody positivity, 59 (-160-277) 0.59
Anti-Scl70 antibody -133 (-407-141) 0.34
Therapies
Current prednisone 167 (-82-415) 0.19 169 (-77-415) 0.18
Prednisone, mg/day -92 (-188-3) 0.056 -137 (-249-(-25)) 0.021
Methotrexate -297 (-716-121) 0.16 -2777 (-689-136) 0.19
Hydroxychloroquine 196 (-226-617) 0.36
Bosentan -10 (-497-476) 0.97

In this analysis myeloperoxidase serum values are the dependent variable. Oesophageal manometry
assessment was available only for 33 patients. Significant p-values are reported in bold.
BMI: body mass index; CRP: C reactive protein; SSc: systemic sclerosis; FVC: forced vital capacity;
FEV: forced expiratory volume; DLCO: diffusion capacity of the lung for the carbon monoxide. Mul-
tivariable analysis is adjusted for age and hypertension.

LDL-cholesterol was calculated using
the Friedewald formula. Dyslipidae-
mia was defined if one of the follow-
ing was present: total cholesterol >200
mg/dl, triglycerides >150 mg/dl, HDL-
cholesterol <40 in men or <50 mg/
dl in women, or low-density lipopro-
tein cholesterol (LDL) >130 mg/dl. A
standard technique was used to meas-
ure high-sensitivity C-reactive protein
(CRP). MPO serum levels were meas-
ured by electrochemiluminescence im-
munoassay method (MERCK® MILLI-
PLEX map Multiplex Detection). Both

the intra- and inter-coefficients of vari-
ability were <10% for these assays.

Statistical analysis

Demographic and clinical characteris-
tics of patients SSc and controls were
presented as mean (standard deviation)
or percentages for categorical vari-
ables. For continuous variables that did
not follow a normal distribution, data
were reported as median and inter-
quartile range (IQR). The association
between disease-related data and MPO
was examined using multivariable

Clinical and Experimental Rheumatology 2025
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Table III. Relationship of cardiometabolic features to myeloperoxidase values in SSc patients.

Myeloperoxidase, ng/ml Beta coef. (95%CI), p

Univariable Multivariable
Metabolic syndrome 181 (-13-375) 0.067 203 (12-395) 0.038
Carotid atherosclerosis
Intima media thickness, microns -0.3 (-0.9-04) 0.39
Plaque -41 (-298-216) 0.75
SCORE?2 calculator, % -14 (-36-7) 0.18
SCORE2 categories
Low to moderate ref.
High -99 (-307-109) 0.35
Very high -199 (-514-117) 0.21
Lipid profile
Cholesterol, mg/dl 2 (-04-5) 0.095 3 (-0.02-5) 0.052
Triglycerides, mg/dl 0.7 (-04-2) 0.20
HDL-cholesterol, mg/dl -6 (-14-2) 0.13 -5 (-13-3) 0.19
LDL-cholesterol, mg/dl 3 (-0.4-6) 0.088 3 (-0.003-6) 0.050
LDL:HDL-cholesterol ratio 167 (51-283) 0.005 161 (48-273) 0.006
Non-HDL-cholesterol, mg/dl 3 (04-6) 0.023 3 (0.7-6) 0.013
Lipoprotein A, mg/dl -0.5 (-2-0.8) 042
Apolipoprotein A1, mg/dl -3 (-6-0.7) 0.12 -2 (-6-1) 0.20
Apolipoprotein B, mg/dl 6 (2-10) 0.002 6 (2-9) 0.003

Apo B:Apo Al ratio
Atherogenic index

879 (433-1326) <0.001
116 (34-197)

816 (379-1254) <0.001

0.006 109 (30-189) 0.008

In this analysis myeloperoxidase serum values are the dependent variable. SCORE2: Systematic Coro-
nary Risk Assessment. Multivariable analysis is adjusted for age and hypertension.

Significant p-values are reported in bold.

linear regression analysis, with ad-
justments made for confounding vari-
ables. Confounders were selected from
demographics if their p-values were
below 0.20 in the univariable analysis
to MPO. All analyses were conduct-
ed using Stata software, version 17/
SE (StataCorp, College Station, TX,
USA), with a two-sided significance
level set at 5%. A p-value less than 0.05
was considered statistically significant.

Results

Demographic, laboratory, and
disease-related data in patients

with SSc

The characteristics of the SSc popula-
tion are described in Table I. Eighty-
one percent of the patients with SSc
had the limited and 19% the diffuse
type. The mean age at recruitment was
60+10 years. The disease duration was
8 (IQR 4-11) years. The median mRSS
score was 4 (IQR 1-8). The presence
of digital ulcers and calcinosis was re-
ported in 15% and 19% of the patients,
respectively. At the time the study was
conducted, 16% of patients were tak-
ing prednisone, with a median dose
of 5 (IQR 5-7.5) mg/day, and 5% of
the patients were taking methotrexate.
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Additionally, 55 patients (72%) tested
positive for anti-centromere antibodies,
and 11 patients (14%) were positive for
anti-Scl70 antibodies. Other features
related to the disease are shown in Ta-
ble I.

Cardiovascular risk factors were preva-
lent in the patient sample: 40% had
hypertension, 9% were smokers, 9%
had diabetes, and 89% met criteria for
dyslipidaemia. Additionally, 25% were
on statins and 25% on aspirin. Further-
more, 61% met criteria for metabolic
syndrome, 34% had carotid plaques
on carotid ultrasound, and the median
SCORE2 was 4 (IQR 2-7). The lipid
profile is also shown in Table I.

Relationship of disease

characteristics to MPO levels
Demographic characteristics, including
age, sex, and BMI, along with various
cardiovascular risk factors, showed
no significant association with MPO
levels (Table II). Regarding disease-
related parameters, CRP levels were
positively associated with MPO; how-
ever, this significance was lost after
multivariable adjustment. Addition-
ally, disease characteristics such as SSc
subtype (diffuse or limited), Rodnan

skin score, presence of visceral in-
volvement (pulmonary, or other), and
autoantibody profile did not correlate
with MPO levels. Besides, ILD and
smoking were not related to MPO val-
ues. Notably, prednisone use was sig-
nificantly linked to lower MPO levels
(beta coef. -137,95%CI: -249-(-25) ng/
ml, p=0.021) (Table II).

Association of cardiometabolic
features with myeloperoxidase

values in SSc

The relationship between cardiovascu-
lar disease characteristics and MPO lev-
els is shown in Table III. In univariable
analysis, patients with metabolic syn-
drome had higher MPO values, though
this was not statistically significant.
However, after adjusting for covari-
ates, the association became significant
(beta coef. 203, 95%CI: 12-395 ng/ml,
p=0.038). Conversely, cardiovascular
risk calculator SCORE2, cIMT, and
the presence of carotid plaque showed
no significant associations with MPO
levels. Additionally, when a specific as-
sessment of the different lipid fractions
was performed, we observed that many
lipid-related markers were significantly
and positively associated with MPO
levels. Specifically, the LDL:HDL ratio,
non-HDL cholesterol, apolipoprotein B
levels, the apolipoprotein B:Al ratio,
and the atherogenic index showed sig-
nificant positive associations after mul-
tivariable adjustment (Table IIT). While
total cholesterol and LDL showed a
near-significant positive trend, statis-
tical significance was not achieved in
these cases.

Discussion

The present study highlights the sig-
nificant role of MPO in the metabolic
syndrome of patients with SSc, which
may greatly influence the development
of cardiovascular disease.

MPO, an enzyme produced by neutro-
phils and macrophages during inflam-
mation, contributes to oxidative stress,
endothelial dysfunction, and vascular
damage, all of which are central to the
development of atherosclerosis and
coronary artery disease in SSc patients.
One of the key mechanisms by which
MPO exacerbates cardiovascular risk is
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its interaction with nitric oxide (NO).
While NO is crucial for maintaining
vascular health by promoting vasodi-
lation and reducing oxidative stress,
MPO can counteract these protective
effects by consuming NO and forming
MPO-NO complexes. This interaction
inhibits the activity of endothelial ni-
tric oxide synthase (eNOS), the enzyme
responsible for producing NO, further
contributing to endothelial dysfunction.
This disruption of NO metabolism is
a hallmark of endothelial dysfunction,
which is a critical event in the progres-
sion of cardiovascular diseases, espe-
cially those associated with metabolic
syndrome (30).

Interestingly, in a meta-analysis by Au
et al., the decreased FMD observed in
SSc patients was similar to that found
in other high-risk populations, such
as those with familial hypercholester-
olemia and familial combined hyperlip-
idaemia (8). This finding is consistent
with other studies showing that prema-
ture atherosclerosis in SSc patients is
associated with significant impairment
in flow-mediated vasodilation, which
correlates with traditional cardiovas-
cular risk factors such as age, dyslipi-
daemia, and obesity (31). Furthermore,
the increased cardiovascular risk in SSc
patients is well-documented, with stud-
ies highlighting the adverse impact of
the disease on the vascular bed across
various organs, thereby increasing the
likelihood of cardiovascular complica-
tions (32).

In our study, we observed a significant
association between elevated MPO lev-
els, an abnormal lipid profile, and the
presence of metabolic syndrome in SSc
patients. Specifically, MPO appears to
promote oxidative modification of LDL,
a key factor in atherosclerosis. Elevated
MPO levels can transform normal LDL
into oxidised LDL, a more proathero-
genic form that is more readily taken
up by macrophages, leading to foam
cell formation and plaque development
in arterial walls. This process contrib-
utes to the vascular damage seen in SSc
patients and may explain the observed
abnormal lipid profile, characterised by
increased levels of oxidised LDL.
While we found an association between
MPO values and lipid profile as well as
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the presence of metabolic syndrome, we
did not observe a relation of cIMT or
the presence of carotid plaque to MPO
levels. This finding is not unexpected, as
the impact of traditional cardiovascular
risk factors on subclinical atherosclero-
sis may be generally more significant
than that of a single serological marker.
Moreover, our findings showed an asso-
ciation between MPO and CRP, further
highlighting the relationship between
oxidative stress and inflammation in
SSc. Both MPO and CRP are markers of
inflammation, but they reflect different
aspects of the inflammatory response.
The positive correlation between MPO
and CRP suggests that local oxidative
damage, mediated by MPO, and sys-
temic inflammation, indicated by CRP,
both contribute to the elevated cardio-
vascular risk in SSc patients. Together,
these findings emphasise the complex
interplay between oxidative stress, in-
flammation, and endothelial dysfunction
in the development of cardiovascular
disease in SSc.

Finally in our study we observed a nega-
tive association between prednisone and
MPO that could be attributed to the an-
ti-inflammatory effects of prednisone.
This glucocorticoid suppresses inflam-
mation by inhibiting the activation of
immune cells, such as neutrophils and
macrophages, which are primary sourc-
es of MPO. By reducing the inflamma-
tory response, prednisone can lower
MPO production and release, leading
to decreased serum levels. Addition-
ally, prednisone’s immunosuppressive
effects may result in reduced neutrophil
and macrophage activity, further con-
tributing to lower MPO levels.

We acknowledge the limitation of not
including a control population in our
study. However, our hypothesis was
not to compare MPO levels between
patients and controls, but rather to in-
vestigate the relationship between these
levels and disease characteristics. For
this reason, the relationship between
MPO values and metabolic syndrome
or lipid profile in healthy subjects can-
not be concluded from our study.

In conclusion, MPO levels are associat-
ed with the presence of metabolic syn-
drome and an unfavourable lipid profile
in patients with SSc. Whether MPO can

be used in routine clinical practice as a
marker of cardiovascular risk in these
patients warrants further investiga-
tion and collaboration among research
groups interested in this condition.
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