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Abstract
Objective
Systemic sclerosis (SSc) is a chronic multisystem disease characterised by microcirculatory vascular dysfunction and
progressive fibrosis of the skin and internal organs. Neutrophil gelatinase-associated lipocalin (NGAL) is a protein
primarily secreted by immune cells and is known to be elevated in inflammatory states. Our study aims to investigate
whether serum NGAL levels differ between individuals with SSc and healthy controls, and to explore its relationship
with a comprehensive characterisation of disease features in SSc patients.

Methods
A cross-sectional study was conducted that included 81 individuals with SSc and 76 healthy age- and sex-matched
controls. A multivariable analysis using linear regression was performed to determine whether NGAL serum levels
differ between patients and controls, and to examine the relationship between NGAL levels and disease characteristics.

Results
Serum levels of NGAL do not differ significantly between patients and controls (188+110 vs. 197+147 ng/ml, p=0.67).
However, after multivariable analysis, extension of the skin involvement (beta coefficient 5 [95% confidence interval
0.5-10] ng/ml, p=0.030) and disease duration (beta coefficient 6 [95% CI 0.1-12] ng/ml, p=0.045) were significantly
associated with higher NGAL levels. Additionally, in patients with SSc, NGAL levels were independently and significantly
related to a dyslipidaemia pattern manifested by higher serum levels of several lipid profile markers, such as LDL: HDL
cholesterol ratio, apolipoprotein B: apolipoprotein Al ratio, and atherogenic index. Furthermore, a significant and
negative association between NGAL and the Homeostasis Model Assessment of Insulin Sensitivity (HOMA2-S%)
was found.

Conclusion
NGAL serum levels in patients with SSc correlate positively and independently with extension of the skin involvement.
NGAL levels also correlate with features of metabolic syndrome, such as a dyslipidaemic pattern and reduced insulin
sensitivity, which may be associated with an increased risk of atherosclerosis and cardiovascular disease in
patients with SSc.
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Introduction

Systemic sclerosis also called sclero-
derma (SSc) is a chronic multisystem
disease characterised by widespread
vascular dysfunction and progressive
fibrosis of the skin and internal or-
gans. It is considered a heterogeneous
disease, reflected in a wide range of
organic manifestations, disease pro-
gression and severity, and outcomes
(1). SSc is traditionally classified based
on the extent of skin involvement and
the accompanying pattern of internal
organ involvement, as well as the pres-
ence of overlapping features with other
systemic rheumatic diseases. In this re-
gard, the major subsets of SSc include
limited cutaneous, diffuse cutaneous,
SSc sine scleroderma, and SSc overlap
syndrome (2). Cutaneous manifesta-
tions such as thickening and indura-
tion, and Raynaud’s phenomenon, are
almost universal clinical features of
SSc. Other characteristics of the dis-
ease are the presence of digital ulcers
and tissue loss, musculoskeletal mani-
festations, and gastrointestinal, pulmo-
nary, and cardiac involvement (3, 4).
Cardiovascular disease is common in
SSc but often unrecognised until late in
the disease. Furthermore, SSc patients
are at increased risk of atherosclerosis
compared with healthy subjects (5).
Neutrophil gelatinase-associated lipo-
calin (NGAL) is a 25-kDa protein also
known as lipocalin-2 that represents a
family of lipocalin proteins. It is known
to be a syderophoric protein that plays a
role in regulating iron activity (6). The
molecule of NGAL-containing iron in-
teracts with receptors on the cell sur-
face. Then, it is transported into the cell
and releases iron inside. Although it is
primarily secreted by immune cells, in-
cluding neutrophils, macrophages, and
dendritic cells, it is also expressed in a
wide range of human tissues, such as
the kidneys, heart, lungs, liver, stom-
ach, and colon (7). NGAL is believed
to be an acute-phase protein and plays
a role in inflammation. In this regard,
its serum concentrations positively cor-
related with inflammatory cytokines
and increases in inflammatory states
(8). Besides its levels rise in acute and
chronic kidney and is believed to be a
biomarker of kidney injury (9). High

serum NGAL concentrations were also
observed in heart failure and coronary
artery disease, arterial hypertension,
obesity, diabetes, and metabolic com-
plications such as insulin resistance (8).
To date, the differences in NGAL serum
levels between patients with SSc and
healthy controls, as well as the relation-
ship of this molecule with clinical and
laboratory manifestations in SSc, have
not been investigated. In this study,
we quantified serum NGAL levels in
a well-characterised cohort of SSc pa-
tients and healthy subjects. Utilising
multivariable analysis, we explored the
differential expression of NGAL be-
tween patients and controls and its as-
sociations with a comprehensive array
of disease manifestations.

Methods

Study participants

This was a cross-sectional study that
included 81 patients with SSc and 76
sex and age-matched controls. All of
them were 18 years or older and SSc
patients met the American College
of Rheumatology/European League
Against Rheumatism 2013 classifica-
tion criteria for SSc (10). They had
been diagnosed by rheumatologists
and were periodically followed-up at
rheumatology outpatient clinics of our
institution. For inclusion in the present
study, SSc disease duration needed to
be =1 year. Patients who had suffered
a cardiovascular event were excluded.
The patients were also excluded if they
had a history of cancer or any other
chronic disease, evidence of active in-
fection or a glomerular filtration rate
<60 ml/min/1.73m?. The study proto-
col was approved by the Institutional
Review Committee at Hospital Uni-
versitario de Canarias, and all subjects
provided informed written consent
(Approval code: EscleZ).

Assessments and data collection

Surveys in SSc patients and controls
were performed to assess cardiovas-
cular risk factors and medication use.
Subjects completed a questionnaire
and underwent a physical examination
to determine anthropometric measure-
ments and blood pressure. Medical re-
cords were reviewed to ascertain spe-
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cific diagnoses, medications, and co-
morbidities. Hypertension was defined
as a systolic or a diastolic blood pres-
sure higher than, respectively, 140 and
90 mmHg. Obesity, defined as a body
mass index (BMI) equal to or greater
than 30 kg/m?. Disease duration for
SSc was defined as the time since the
onset of the first SSc-related symptom
other than Raynaud’s phenomenon.
SSc subtypes, limited and diffuse, were
determined according to the distribu-
tion of skin thickness. The modified
Rodnan Skin Score (mRSS) skin score
was used to assess skin thickening (11).
This score has been commonly used as
an outcome measure in clinical trials.
It rates the severity of these features
from O (normal) to 3 (most severe) in
17 distinct areas of the body and shows
an acceptable degree of intra-rater
variability. 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 (12) and scle-
roderma patterns were sub-graded as
‘early’, ‘active’ and ‘late’ (12).

The  cardiovascular  risk  score
(SCORE2) was calculated according
to the 2021 European Society of Car-
diology guidelines on cardiovascular
disease prevention in clinical practice
(13). SCORE2 categorizes risk as low
to moderate, high, or very high based
on different age groups (<50, 50-69,
and =70 years). The SCORE2 scor-
ing system is designed to estimate the
10-year risk of both fatal and non-fatal
cardiovascular 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 esti-
mates for both 5-year and 10-year risk
of fatal and non-fatal cardiovascular
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events. In patients with SSc, a carotid
ultrasound examination was performed
to evaluate the thickness of the carotid
intima-media wall (cIMT) within the
common carotid artery. The objective
was to identify any localised plaques
in the carotid arteries situated outside
the skull (extracranial carotid tree). The
measurements were carried out using
the EsaoteMylab 70 ultrasound sys-
tem 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 assessment
process adhered to the guidelines estab-
lished in the Mannheim consensus (14),
which establishes criteria for identify-
ing plaques within the accessible ex-
tracranial carotid arteries. These arter-
ies include the common carotid artery,
the bulb, and the internal carotid artery.
Plaque criteria were established as the
presence of a localised bulge within the
arterial lumen, with a measurement of
cIMT exceeding >1.5 mm. Addition-
ally, the bulge needed to be at least 50%
larger than the adjacent cIMT or result
in an arterial lumen reduction of >0.5
mm (14).

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).
LDL-cholesterol was calculated using
the Friedewald formula. Dyslipidaemia
was defined if one of the following was
present: total cholesterol >200 mg/dl,
triglycerides >150 mg/dl, HDL choles-
terol <40 in men or <50 mg/dl in wom-
en, or LDL cholesterol >130 mg/dl. A
standard technique was used to meas-
ure high-sensitivity C-reactive protein
(CRP). NGAL was measured by elec-
trochemiluminescence  immunoassay
method (MERCK® MILLIPLEX map
Multiplex Detection). Both the intra-
and inter-coefficients of variability were
<10% for these assays. The homeostat-
ic model assessment (HOMA) method
was performed to determine IR. Briefly,
the HOMA model enabled an estimate

of insulin sensitivity (%S) and f3-cell
function (%B) from fasting plasma in-
sulin, C peptide, and glucose concentra-
tions. In this study we used HOMA2,
the updated-computer HOMA model
(15). This model can be used to assess
insulin sensitivity and p-cell function
from paired fasting plasma glucose
and specific insulin, or C peptide, con-
centrations across a range of 1-2,200
pmol/l for insulin and 1-25 mmol/l
for glucose. C peptide better estimates
P-cell function since it is a marker of
secretion; and insulin data is preferable
when calculating %S since HOMA-%S
is derived from glucose disposal as a
function of insulin concentration. In our
study, IR and %S were calculated using
insulin serum levels. Otherwise, %B
was calculated using C-peptide serum
levels. The computer model provided
a value for insulin sensitivity expressed
as HOMA2-%S (in which 100% is nor-
mal). HOMAZ2-IR (insulin resistance
index) is simply the reciprocal of %S.
Insulin (Architect Abbott, 20001) and C
peptide (Immulite 2000, Siemens) were
determined by chemiluminescent im-
munometric assays.

Statistical analysis

Demographic and clinical characteris-
tics of patients SSc were presented as
mean (standard deviation) or percent-
ages for categorical variables. For con-
tinuous variables that did not follow a
normal distribution, data were reported
as median and interquartile range (IQR).
The association between disease-related
data and NGAL was examined using
multivariable linear regression analysis,
with adjustments made for confounding
variables. Confounders were selected
from demographics if their p-values
were below 0.20 in the univariable anal-
ysis to NGAL. All analyses were con-
ducted using Stata software, v. 17/SE
(StataCorp, College Station, TX, USA),
with a two-sided significance level set
at 5%. A p-value less than 0.05 was con-
sidered statistically significant.

Results

Demographic, laboratory, and
disease-related data

In our study, we included 81 patients
with SSc and 76 healthy controls
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matched by age and sex. The character-
istics of both populations are described
in Table I. The subjects with SSc had a
significantly lower BMI than the con-
trols, although the effect size of this dif-
ference was small. No differences were
found in the frequency of hypertension,
dyslipidaemia or smoking, but the pa-
tients with SSc were less frequently
diabetic. Additionally, although the
patients with SSc tended to take statins
less frequently, they were more often
on aspirin treatment. The SCORE2 val-
ues did not differ between the groups.
In terms of lipid profile, patients with
SSc exhibited significantly higher tri-
glyceride levels and Apo B: Apo Al ra-
tio, but lower apolipoprotein Al levels.
Additionally, C-peptide levels and HO-
MA2-B%-C-peptide were significantly
elevated in patients with SSc compared
to controls (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 pa-
tients were taking methotrexate. Addi-
tionally, 55 (72%) patients were found
to be positive for anti-centromere and
11 (14%) were positive for anti-Scl70.
Other features related to the disease are
shown in Table I.

Remarkably, NGAL did not differ be-
tween controls and patients (188110
vs. 197+147 ng/ml, p=0.67).

Disease related data association

with NGAL in patients with SSc
Regarding demographics or cardiovas-
cular comorbidity, in patients with SSc
no significant relationships were found
between sex, classical cardiovascular
risk factors, cardiovascular risk calcu-
lators, or the use of statins or aspirin,
with serum NGAL levels (Table II).
Only age showed a trend toward statis-
tical significance.

With respect to disease characteris-
tics, after adjusting for covariates, both
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Table I. Demographics of systemic sclerosis patients and controls.

Controls Scleroderma p
(n=76) (n=81)

NGAL, ng/ml 188 £ 110 197 + 147 0.67
Demographics
Female, n (%) 71 (93) 76 (94) 0.92
Age, years 61 +12 60 + 11 0.44
BMI, kg/m? 31+3 29+ 6 0.022
Cardiovascular comorbidity
Hypertension, n (%) 37 (49) 32 (40) 0.25
Current smoking, n (%) 11 (14) 7 9) 0.25
Diabetes, n (%) 19 (26) 709 0.006
Dyslipidaemia, n (%) 63 (83) 72 (89) 0.28
BMI > 30 kg/m?, n (%) 20 (26) 26 (32) 043
Statins, n (%) 29 (38) 20 (25) 0.069
Aspirin, n (%) 6 (20) 22 (27) <0.001
SCORE2 calculator
SCORE 2, % 5 (2-9) 4 (2-7) 0.15
SCORE2 categories, n (%)

Low to moderate 38 (50) 45 (56)

High 30 (39) 27 (33) 0.72

Very high 8 (11) 9 (11)
Laboratory data
CRP, mg/dl 2.0 (1.0-4.3) 2.2 (0.8-4.6) 0.51
Cholesterol, mg/dl 205 +43 207 £37 0.71
Triglycerides, mg/dl 146 + 64 187 + 92 0.002
HDL-cholesterol, mg/dl 55+ 16 52+ 12 0.16
LDL-cholesterol, mg/dl 120 + 37 118 £33 0.66
LDL: HDL-cholesterol ratio 23+09 24+09 0.74
Non-HDL-cholesterol, mg/dl 149 + 40 155 +36 0.35
Lipoprotein A, mg/dl 49 (14-102) 36 (13-91) 0.80
Apolipoprotein A1, mg/dl 184 £40 165 27 <0.001
Apolipoprotein B, mg/dl 105 + 30 105 +25 0.88
Apo B: Apo Al ratio 0602 0.7£0.2 0.048
Atherogenic index 39+12 42+12 0.21
Insulin resistance indices
Glucose, mg/dl 105 +27 98 +22 0.098
Insulin, pU/ml 8.9 (6.4-145) 94 (49-18.0) 0.15
C-peptide, ng/ml 26+1.6 41+32 <0.001
HOMAZ2-IR 1.2 (0.8-2.0) 1.3 (0.6-2.2) 0.17
HOMA2-S% 91 +53 80 (45-160) 0.091
HOMAZ2-B%-C-peptide 120 +59 181 + 122 <0.001
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 (0-8)
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 manometry, n (%) 18 (55)
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 positivity, n (%) 55 (72)
Anti-Scl70 antibody, n (%) 11 (14)
Therapies
Current NSAIDs, n (%) 8 (11)

Current prednisone, n (%) 13 (16)

Prednisone, mg/day 5 (5-7.5)

Methotrexate, n (%) 4 (5)

Chloroquine, n (%) 4 (5)

Bosentan, n (%) 3 4)
Carotid atherosclerosis

Intima media thickness, mm 663 + 146

Plaque 28 (34)

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

NGAL: neutrophil gelatinase-associated lipocalin; Oesophageal manometry assessment was available only for 33
patients; BMI: body mass index; CRP: C reactive protein; SSc: systemic sclerosis; NSAIDs: non-steroidal anti-
inflammatory drugs; SCORE2: systematic coronary risk; FVC: forced vital capacity; FEV: forced expiratory volume;
DLCO: diffusion capacity of the lung for the carbon monoxide assessment; HOMAZ2-IR: insulin resistance index
through homeostatic model assessment (calculated with glucose and insulin serum levels); HOMA2-S%: insulin
sensitivity index through homeostatic model assessment (calculated with glucose and insulin serum levels); HOMA2-
B%-C-peptide: [3-cell function index through homeostatic model assessment (calculated with glucose and C-peptide
serum levels). Significant p-values are depicted in bold.
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mRSS (beta coef. 5 [95%CI 0.5-10] ng/
ml, p=0.030) and disease duration (beta
coef.6[95%CI10.1-12] ng/ml, p=0.045)
were significantly associated with high-
er NGAL levels. Additionally, the use
of NSAIDs was significantly linked to
elevated NGAL levels in subjects tak-
ing these medications (beta coef. 104
[3-205] ng/ml, p=0.043). However, the
type of disease (limited or diffuse) or
the presence of major organ involve-
ment such as ulcers, calcinosis, pulmo-
nary or cardiovascular disease, and the
ANA profile, did not show significant
relations to NGAL levels (Table II).

Relationship of lipid profile

and insulin resistance indices

to NGAL values

The relationship between the lipid pro-
file, insulin resistance indices, and se-
rum NGAL levels in patients with SSc
is detailed in Table III. Regarding the
lipid profile, after multivariable adjust-
ment for age, smoking, and statin use, a
negative and significant associations be-
tween NGAL and HDL-cholesterol was
found. Furthermore, NGAL levels were
independently and significantly related
to several lipid profile markers, such
as LDL: HDL cholesterol ratio, apoli-
poprotein B: apolipoprotein Al ratio,
and atherogenic index. Furthermore,
in assessing the potential relationship
between insulin resistance indices and
NGAL, we disclosed a significant and
negative association between NGAL
and HOMA2-S% (Table III).

Discussion

To our knowledge, no previous studies
have analysed NGAL levels in patients
with SSc. Based on our results, NGAL
serum values do not differ from those
in the general population but are asso-
ciated with specific disease character-
istics, disease duration, and metabolic
syndrome features such as a deleterious
lipid profile and reduced insulin sensi-
tivity.

Regarding SSc features, we disclosed
a positive and significant relationship
between disease duration and skin
thickness, as measured by the modified
Rodnan skin score, with NGAL serum
levels. This relationship persisted after
multivariable adjustment. Skin involve-
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Table II. Demographics and disease related data association with NGAL in patients with

systemic sclerosis.

NGAL, ng/ml beta coef. 95% (CI), p

Univariable Multivariable
Demographics
Female, n (%) -36 (-172-101) 0.60
Age, years -3 (-6-0.004) 0.050
BMI, kg/m? 1 (-5-7) 0.69
Cardiovascular comorbidity
Hypertension, n (%) 26 (-42-95) 045
Current smoking, n (%) 74 (-41-190) 0.20
Diabetes, n (%) -64 (-179-52) 0.28
Dyslipidaemia, n (%) 30 (-29-89) 0.32
BMI >30 kg/m?, n (%) 33 (-39-104) 0.37
Statins, n (%) -0.6 (-77-76) 0.99
Aspirin, n (%) 41 (-37-118) 0.30
SCORE2 calculator
SCORE 2, % -4 (-12-3) 0.27
SCORE2 categories, n (%)
Low to moderate - -
High 3 (-72-78) 0.94
Very high -56 (-170-57) 0.33
Systemic sclerosis related data
CRP, mg/dl 30 (-29-89) 0.32
SSc type, n (%)
Limited -
Diffuse -17 (-102-68) 0.68
Disease duration, years 5 (-1-11) 0.13 6 (0.1-12) 0.045
Modified Rodnan Skin Score, units 6 (0.8-10) 0.023 5 (0.5-10) 0.030
Raynaud phenomenon, n (%) 57 (-53-167) 0.31
Digital ulcers, n (%) 47 (-48-143) 0.33
Calcinosis, n (%) 25 (-67-118) 0.59
Arthritis, n (%) -7 (-124-110) 091
Gastric reflux, n (%) -55 (-123-12) 0.11 -52 (-119-14) 0.12
Pathological oesophageal manometry, n (%) =75 (-230-80) 0.33
Nailfold capillaroscopy pattern
Normal -
Pathological -20 (-103-63) 0.63
Interstitial lung disease, n (%) -8 (-104-87) 0.86
FVC, % -0.2 (-2-1) 0.80
FEVI1, % -0.9 (-3-1) 0.34
DLCO, % 0.2 (-09-1) 0.72
Pulmonary hypertension, n (%) -18 (-110-74) 0.70
Anti-centromere antibody positivity, n (%) 20 (-58-98) 0.61
Anti-Scl70 antibody, n (%) -44 (-142-54) 0.38
Therapies
Current NSAIDs, n (%) 116 (15-218) 0.025 104 (3-205) 0.043
Current prednisone, n (%) 54 (-35-143) 0.23
Prednisone, mg/day -26 (-58-6) 0.10 -30 (-68-8) 0.11
Methotrexate, n (%) -51 (-202-101) 0.51
Chloroquine, n (%) 40 (-121-182) 0.69
Bosentan, n (%) -10 (-184-164) 091
Carotid atherosclerosis
Intima media thickness, mm -0.7 (-0.3-0.2) 0.53
Plaque -11 (-103-81) 0.81

In this analysis NGAL (neutrophil gelatinase-associated lipocalin) is the dependent variable. Oesophageal manometry

assessment was available only for 33 patients.

SSc: systemic sclerosis; BMI: body mass index; CRP: C reactive protein; NSAIDs: non-steroidal anti-inflammatory
drugs; SCORE2: systematic coronary risk assessment; FVC: forced vital capacity; FEV: forced expiratory volume;
DLCO: diffusion capacity of the lung for the carbon monoxide. Significant p-values are depicted in bold.

ment is a nearly universal feature of
SSc. It is also known that in SSc, there
is a deposition of adhesion molecules
in the skin and infiltration of cells from
the monocyte or macrophage lineages
(16). This phenomenon could potential-
ly lead to the subsequent overexpres-
sion of NGAL in serum, resulting in
its upregulation. However, despite this,
we did not find a relationship between
NGAL and other organ manifestations
such as pulmonary, cardiac, or vascular
involvement. There were also no differ-

ences in NGAL levels between the lim-
ited and diffuse types of the disease. We
do not have an exact explanation for this
finding. Diffuse SSc differs from local-
ised SSc not only in skin involvement
but also in the distinct pattern of organ
involvement. This difference might ac-
count for the findings in our study. The
low prevalence of these manifestations
in our cohort of patients with SSc may
also have influenced the results. There-
fore, studies specifically designed to
address the values of NGAL in these
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Table III. Relationship of lipid profile and insulin resistance indices to NGAL values.

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

Lipid profile

Cholesterol, mg/dl 0.2 (-0.8-1) 0.74

Triglycerides, mg/dl 0.3 (-0.1-0.6) 0.19 0.3 (-0.06-0.7) 0.096
HDL-cholesterol, mg/dl -3 (-6-(-0.4)) 0.027 -3 (-6-(-0.3)) 0.036
LDL-cholesterol, mg/dl 0.2 (-0.8-1) 0.66

LDL:HDL-cholesterol ratio 47 (5-89) 0.029 44 (0.5-87) 0.047
Non-HDL-cholesterol, mg/dl 0.5 (-04-2) 0.28

Lipoprotein A, mg/dl -0.08 (-0.5-0.4) 0.72

Apolipoprotein A1, mg/dl -1 (-2-0.003) 0.051 -1 (-2-0.1) 0.075
Apolipoprotein B, mg/dl 1 (-0.09-3) 0.066 1 (-0.2-3) 0.087
Apo B:Apo Al ratio 258 (93-423) 0.003 238 (74-404) 0.005
Atherogenic index 38 (9-68) 0.011 37 (8-66) 0.013
Insulin resistance indices™

Glucose, mg/dl 0.7 (-2-3) 0.59

Insulin, pU/ml 0.2 (-2-3) 0.87

C-peptide, ng/ml 6 (-6-18) 0.34

HOMA2-IR 2 (-20-24) 0.85

HOMA2-S% -0.2 (-0.4-0.06) 0.16 -0.2 (-0.5-(0.02) 0.037
HOMAZ2-B%-C-peptide 0.1 (-0.2-04) 0.34

In this analysis NGAL (neutrophil gelatinase-associated lipocalin) is the dependent variable.
Multivariable analysis for lipid profile is adjusted for age, smoking and the use of statins.
*Multivariable analysis for insulin resistance indices is adjusted for age and smoking and is only performed in non-

diabetic patients with systemic sclerosis.

HOMAZ2-IR: Insulin resistance index through homeostatic model assessment (calculated with glucose and insulin
serum levels). HOMA2-S%: Insulin sensitivity index through homeostatic model assessment (calculated with glucose
and insulin serum levels). HOMA2-B%-C-peptide: 3-cell function index through homeostatic model assessment

(calculated with glucose and C-peptide serum levels).

HDL: high density lipoprotein; LDL: low density lipoprotein. Significant p-values are depicted in bold.

organ manifestations will be needed to
clarify this issue.

We found a strong positive associa-
tion between NGAL and a dyslipidae-
mic lipid profile in patients with SSc.
Specifically, after multivariable adjust-
ment, NGAL was positively associated
with HDL:LDL ratio, apolipoprotein B:
apolipoprotein A1 ratio, and the athero-
genic index, and negatively related to
HDL. There was also a trend towards
significance with triglycerides, and
apolipoproteins B and A1. The observed
relationship with multiple lipid profile
components underscores the potential
role of NGAL in lipid metabolism in
patients with SSc. Besides, NGAL was
related with lower levels of insulin sen-
sitivity when assessed through HOMA
index. In this regard, this negative rela-
tionship between NGAL and HOMA2-
S implies that higher levels of NGAL
are associated with lower insulin sensi-
tivity. This suggests that the molecule
might be linked to or contribute to in-
sulin resistance in patients with SSc.
Taken together, in clinical or research
contexts, this suggests that NGAL may
play a role in the development of meta-
bolic syndrome, potentially increasing
the risk of cardiovascular disease in pa-
tients with SSc. This finding aligns with
previous reports on the role of NGAL
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in metabolic complications. In this re-
gard, the adipose tissue is recognised as
a source of NGAL, with elevated con-
centrations observed in conditions such
as obesity, type 2 diabetes mellitus, and
non-alcoholic fatty liver disease (17).
Furthermore, NGAL is an independent
risk factor for insulin resistance (18,
19). In this context, it has been demon-
strated that a deficiency in NGAL of-
fers protection against the progression
of glucose metabolism disorders (20).
Additionally, it has been documented
that hyperglycaemia stimulates the syn-
thesis of NGAL (21). We believe that
these relationships observed in the gen-
eral population likely persist in patients
with SSc. This would explain the asso-
ciation found in SSc patients between
NGAL and lipid profile values and in-
sulin resistance indices.

NGAL concentrations have been re-
ported to increase in patients with
cardiovascular complications. This is
supported by the expression of NGAL
in heart tissue and atherosclerotic
plaques (22). Besides, NGAL plasma
levels were elevated in coronary artery
disease and also in acute and chronic
heart failure (23). Despite this, we did
not find a relationship between NGAL
and the presence of carotid subclinical
atherosclerosis or other manifestations

such as the presence of digital ulcers or
pulmonary hypertension. We hypoth-
esize that since atherosclerosis in pa-
tients with immune-mediated diseases
differs etiopathogenetically from that in
the general population, this could result
in a different expression of NGAL as
well.

Our data may have several implications
in clinical practice or future research.
For example, since NGAL is a biomark-
er associated with inflammation and
tissue damage, particularly within the
kidneys, regular assessment of NGAL
levels might help in the early detection
and management of kidney damage in
patients with SSc. Besides, we believe
studying NGAL levels in SSc patients
could lead to insights into the mecha-
nisms of organ involvement beyond the
kidneys, as NGAL is also linked to lung
and cardiovascular damage.

We acknowledge the limitation of our
study’s relatively small sample size.
However, SSc is not a prevalent dis-
ease, which makes recruiting a large
number of subjects challenging. Con-
sequently, our results should be consid-
ered preliminary and will require con-
firmation in future studies on this topic.
Furthermore, the cross-sectional design
of our study does not allow for causal
inferences. Longitudinal studies will
be necessary to confirm the role that
NGAL may play in this disease.

In conclusion, NGAL serum levels do
not differ between patients with SSc and
controls. However, NGAL is associated
with a prominent manifestation of the
disease in patients with SSc, specifi-
cally extension of the skin involvement.
There also appears to be a relationship
between NGAL and certain metabolic
comorbidities, such as dyslipidaemia
and insulin resistance, in SSc.
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