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Malar rash is a predictor of subclinical airway inflammation
in patients with systemic lupus erythematosus: a pilot study
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Abstract
Background Systemic lupus erythematosus (SLE) is a chronic, auto-immune, multi-organ disease that can affect both the skin
and the lungs.Malar rash is a common skinmanifestation of SLE and is linked to SLE disease activity, whereas lung involvement
is a generally negative prognostic factor for these patients. However, a sensitive and non-invasive screening tool for potential lung
involvement in SLE patients is still not available.
Methods This study aimed to investigate the relationship betweenmalar rash and airway inflammation in adult SLE patients who
were not known to have any lung involvement (clinical or radiologic). The study comprised of the measurement of the concen-
tration of NO in exhaled breath or fraction of exhaled nitric oxide (FeNO) and levels were compared between those with and
without malar rash. This tool is considered as a sensitive and non-invasive method that is routinely used in patients with asthma or
other respiratory diseases to identify airway inflammation.
Results A total of 125 patients (100 females, 25 males) were enrolled during the study period from January 2011 to December
2014. Patients with malar rash (N = 35) had a significant decrease in serum levels of C4 (p < 0.05) compared to patients without
malar rash (N = 90). The mean levels of FeNO in overall patients were 36.44 ± 8.87 ppb. A statistically significant difference in
FeNO50 values between patients with malar rash (43.46 ± 6.72 ppb) and without (29.43 ± 3.64 ppb) was found (p < 0.001).
FeNO50 values were inversely correlated only with serum C4 (p < 0.01). However, no correlation between FeNO50 values and
SLE clinical disease activity scores was found.
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Conclusions The presence of a malar rash may predict sub-clinical airway inflammation in SLE patients. Further prospective
studies are needed to confirm the usefulness of FeNO measurements in monitoring SLE-associated airway inflammation.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic, auto-im-
mune, multi-organ disease that is more prevalent in women,
and a considerable social burden in terms of healthcare costs
[1, 2]. These patients may present with awide variety of clinical
manifestations, and the course of the disease is characterised by
remitting periods and relapses, the latter usually occurring in
the form of flares. The main facial cutaneous manifestation is
represented by malar rash, fixed erythema involving cheeks
and the bridge of the nose, but sparing the nasolabial folds
[3]. Its incidence is estimated to be 22.9% in SLE patients
[4], and it is still not certain whether the presence of a malar
rash is associated with more aggressive SLE [1, 3]. In fact, lung
involvement is a severe complication of SLE and, although its
prevalence is still uncertain, some authors have estimated that
lung lesions become clinically evident in 3–17% of patients [4].
The localisation and intensity of respiratory system involve-
ment may vary from pleural and parenchymal disease (pleural
effusion and pleurisy, acute lupus pneumonitis, acute respirato-
ry distress syndrome, diffuse alveolar haemorrhaging, chronic
interstitial pneumonitis, shrinking lung syndrome), to vascular
(pulmonary hypertension, thromboembolic disease, acute re-
versible hypoxemia) and airway disease (upper airway disease,
chronic obstructive pulmonary disease). Respiratory system
involvement can be the presenting symptoms of SLE or can
appear several months after SLE diagnosis [5]. In any case,
although the exact relationship between disease flares and pul-
monary inflammation is still unclear, pulmonary involvement
is an established prognostic factor in SLE disease [6]. Thus,
Drucker et al. [4] suggested that patients with a malar rash have
higher severity scores at the initial visit and exhibited Adjusted
Mean Systemic Lupus Erythematosus Disease Activity Index
2000 (AMS) at 1 and 5 years higher than SLE controls.

Airway inflammation can be assessed using the non-
invasive and sensitive fraction of exhaled nitric oxide
(FeNO) test, which is routinely used to monitor asthma dis-
ease activity and predict attacks [7]. The FeNO test has exper-
imentally been found to be effective in detecting the presence
of sub-clinical airway inflammation in patients with systemic
auto-immune/inflammatory diseases such as psoriasis [8–12].
Due to the large respiratory involvement in SLE patients, we
explored if the skin manifestation, malar rash, has a potential
link with an early, subclinical lung involvement assessed by
FeNO test. The secondary aim was to determine whether the
characteristics of airway inflammation are different in patients
with and without malar rash.

Materials and methods

Study population

This multi-centre, cross-sectional study analysed FeNo
levels in consecutively enrolled adult SLE outpatients
aged 25–55 years between January 2011 and December
2014 and compared the observed levels to those reported
in the healthy population [11].

The diagnosis of SLE was made according to the
Systemic Lupus International Collaborating Clinics classi-
fication criteria [13]. The study inclusion criteria were as
follows: no history of respiratory symptoms; a lack of cur-
rent immunosuppressive therapies (4-week washout for
systemic treatments or 2 weeks for topical therapy); a
forced expiratory volume in the first second to forced vital
capacity ratio (FEV1/FVC) of > 0.8; a FEV1 of > 80% of
the predicted value; a forced expiratory flow (FEF) of 25–
75% > 65%; normal diffusing capacity of the lung for car-
bon monoxide (DLCO) and no parenchymal, airway, pleu-
ral or vascular abnormalities revealed by high-resolution
computed tomography (HRCT) and negative radioallergo-
sorbent test (RAST). The exclusion criteria were as fol-
lows: an inability to perform the lung function and FeNo
tests, a restrictive or mixed restrictive/obstructive ventila-
tory pattern or asthma, smoking or allergies.

Written informed consent was obtained from all the sub-
jects, and the study was approved by the local Ethics
Committee and conducted in accordance with the principles
of the amended Declaration of Helsinki.

Study design

The patients were preliminarily examined by two indepen-
dent rheumatologists and two independent dermatologists,
who evaluated disease activity using the Lupus Foundation
of America Rapid Evaluation of Activity in Lupus (LFA-
REAL), the Systemic Lupus Activity Measure (SLAM)
and the Systemic Lupus International Collaborating
Clinics/ACR Damage Index (SDI) [13]. Each score discor-
dance was resolved by discussion; however, if the latter did
not achieve the agreement, a third rheumatologist or der-
matologist was consulted. System-related upper respiratory
lymph node enlargement and inflamed oral mucosa were
criteria for postponing the FeNO test. All patients
underwent a chest computed tomography (CT), spirometry
and diffusing capacity of the lung for carbon monoxide
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(DLCO) test to rule out the presence of any other primary
or secondary lung disease. All patients were tested to con-
firm the presence of anti-nuclear antibodies (ANAs), with
the lower cutoff titre being raised from 1:40 to 1:160 in
order to enhance the sensitivity of the analysis; anti-Smith,
anti-ribonucleoprotein (RNP) and double-stranded DNA
antibody (anti-ds-DNA) were also assessed.

FeNO measurements

FeNO levels were measured using a high-resolution, chemo-
luminescence nitric oxide analyser with a sensitivity of
0.06 ppb and an upper measuring limit of 100 ppb
(Ecomedics AG CLD 77AM, Ecomedics; Durnten,
Switzerland) in patients whowere receiving long-term therapy
for SLE (for at least 6 months before being enrolled in the
study). The analyser was calibrated at 0 ppb and 100 ppb in
accordance with the manufacturer’s recommendations using a
certified nitric oxide mixture (96 ppb) in nitrogen (Messer
S.p.A., Collegno, Turin, Italy). Environmental air was moni-
tored, and the tests were not performed if there were > 11 ppb
of FeNO at a constant flow rate of 50 mL/s. All measurements
were made in accordance with the recommendations of the
American Thoracic Society [14, 15]. FeNO was measured at
a flow rate of 50 mL/s using the single-breath technique, and
the mean of three reproducible measurements for each patient
was used as the reference value. The patients underwent the
tests in the morning before the lung function assessments in
order to avoid exertion as a potential confounding factor.

Statistical analysis

All variables were preliminarily assessed using the
Kolmogorov-Smirnoff test in order to establish their paramet-
ric behaviour. The continuous data were expressed as mean
values and also the standard deviation if normally distributed
and compared using Student’s t test (parametric data) or the
Mann-Whitney test (non-parametric data). The influence of
the categorical variables was estimated using the chi-squared
test. Multivariate analysis was finally performed. A p value of
< 0.05 was considered significant. The analysis was conduct-
ed using the R statistical software, version 3.2.4 (Free
Software Foundation, Inc., Cambridge, MA, USA).

Results

Patient characteristics and FeNO levels

Table 1 shows the anthropometric and clinical characteristics
of the 125 enrolled patients (100 females, 80%). Patients with
malar rash had a significant decrease in serum levels of C4
compared with patients without malar rash (p < 0.05). The

mean FeNO level in all study groups was 36.44 ± 8.87 ppb:
mean levels of 43.46 ± 6.72 ppb and 29.43 ± 3.64 ppb were
detected in patients with and without malar rash, respectively.
The difference in FeNO50 values between the two groups was
statistically significant (W = 42, p < 0.001). FeNO50 levels
correlated inversely only with serum C4 levels (p < 0.01).
There was no correlation between FeNO50 values and SLE
disease activity expressed by, LFA-REAL, SDI or SLAM
scores in either group. Multivariate analysis confirmed that
malar rash is linked to FeNO (p < 0.005) and but not to de-
creased C4 serum levels.

Discussion

This is the first study to show that adult SLE patients with
malar rash and no lung involvement (clinical or radiologic)
have higher levels of FeNO than those without malar rash.
However, levels of FeNOwere not found to be correlated with
SLE disease activity. This suggests that high FeNO levels in
the presence of normal functional indexes may be an early
marker of lung involvement in adult SLE patients.
Furthermore, FeNO was correlated with serum C4 levels, a
well-known biomarker of disease activity in SLE [13], al-
though after adjusting for multivariate analysis, this signifi-
cant association was not revealed. In general, all typical lung
manifestations of SLE, including vasculitis, interstitial pneu-
monia and pulmonary hypertension, are known to increase
FeNO [14–16].

Furthermore, lung involvement in SLE is still controver-
sial, as in adults, it may appear in either the early or late stages
of disease [17]. However, lung involvement tends to be more
prevalent and late manifestation of SLE disease in children
[18, 19], who were normally found to have high FeNO levels
and a decreased Tiffeneau index, both of which correlate with
disease activity [20].

Rolla et al [12] found that FeNO levels correlated with
disease activity in a cohort study of 27 adult SLE patients;
however, the study included patients with decreased small
airway functional capacity, in contrast to our study, where
the patients had no involvement of the lung.

Malar rash is an acute skin manifestation linked to SLE
disease activity, and TNF polymorphisms [19], and wide-
ly considered as a pathognomonic feature for SLE. It af-
fects 22.9% of SLE patients [4], but its frequency varies
depending on patients’ ethnicity, gender and age [19]. The
exact pathogenic process behind this form of erythema is
still unclear, although several factors may play a role in its
development including genetics [20] and auto-antibody
profiles, such as anti-ribosomal P [21], anti-Smith and
anti-rRNP antibodies [22].

Although it has been described to be relevant in only 3% of
SLE patients at the time of diagnosis, lung involvement may
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be an important prognostic marker, and its incidence tends to
increase to 17% during the course of the disease [23]. Lung
inflammation via the NF-ΚB signalling pathway is responsi-
ble for the induction and transcription of inducible nitric oxide
synthase (iNOS), the enzyme that leads to NO release in the
airways, which can be detected by the FeNO test [24]. This
makes FeNO50 measurements a highly sensitive and non-
invasive method of screening and assessing early lung condi-
tions in SLE patients [25] as none of the clinical SLE severity
scores (LFA-REAL, SLAM or SDI) were found to be corre-
lated with FeNO levels.

Malar rash was chosen as a possible predictive marker of
SLE-related airway inflammation because it is easy to detect
and has been linked to a high SLE disease activity.
Furthermore, a discrepancy between lung involvement (partic-
ularly sub-clinical damage) and findings reported by the differ-
ent available tools for lung assessment has been reported.
Indeed, DLCO only correlates with disease duration, HRCT
with the Tiffeneau index (FEV1/FVC) [23], and magnetic res-
onance findings are rarely associated with SLE-related pleuritis.

Interestingly, it has been reported that all described pulmo-
nary comorbidities in SLE increase FeNO levels [13].
Therefore, the malar rash can be a very useful tool for prelim-
inary assessment of airway inflammation in patients with
SLE. Nevertheless, it is not possible to rule out that malar rash
may simply indicate a more aggressive disease course and
higher disease activity.

Our study has several limitations that should be acknowl-
edged. Firstly, FeNO values were also found to be elevated in
other conditions such as eosinophilic esophagitis [26] and RA
[27]. However, both diseases were linked with respiratory
disease involvement [16, 28, 29]. Furthermore, patients were
not followed to explore the possible development of clinical
respiratory disorder.

In conclusion, the malar rash may be a valuable, in-
direct and qualitative marker of subclinical airway in-
flammation in SLE patients. Further prospective studies
are needed to confirm the usefulness of FeNO measure-
ments in monitoring the airway inflammation associated
with SLE.

Table 1 Demographics and clinical characteristics

Demographic characteristics Population (n = 125) Univariate analysis
(p value)

Multivariate
analysis (p value)

Malar rash (n = 35) No malar rash (n = 90)

Age (mean ± SD, years) 43 ± 13.5 44 ± 12.90 0.8 > 0.05

Gender (female:male) 25:10 72:18 1 > 0.05

Body mass index (mean ± SD, kg/m2) 27.1 ± 3.01 26.4 ± 2.95 0.5 > 0.05

Disease characteristics

Disease duration (mean ± SD, years) 10.2 ± 9.87 9.4 ± 10.5 0.6 > 0.05

LFA-REAL (mean ± SD, mm) 101.66 ± 26.02 118.34 ± 13.34 0.75 > 0.05

SLAM total (mean ± SD) 7.5 ± 4.2 7.7 ± 3.9 0.8 > 0.05

SDI total (mean ± SD) 1.5 ± 1.3 1.6 ± 1.3 0.8 > 0.05

C3 (mean ± SD, range 90–180 mg/dL) 94 ± 8.5 96 ± 13.0 0.2 > 0.05

C4 (mean ± SD, range 10–40 mg/dL) 27 ± 3.4 31 ± 2.2 0,001 0.08

Immunological profile

ANA Titres (median) 1:640 1:640 0.9 > 0.05

Pattern Homogeneous Homogeneous 0.8 > 0.05

Anti-ds-DNA (mean ± SD, IU/mL)* 16 ± 2.4 18 ± 0.3 0.4 > 0.05

Anti-Smith (mean ± SD, IU/mL) 12/35 32/90 0.8 > 0.05

Anti-RNP (mean ± SD, IU/mL) 4/35 11/90 0.8 > 0.05

Airway assessment

FEV1 (mean ± SD, L) 3.26 ± 0.31 3.35 ± 0.2 0.5 > 0.05

FVC (mean ± SD, L) 4.2 ± 0.32 4.38 ± 0.17 0.3 > 0.05

FEV1/FVC (mean ± SD, %) 84.7 ± 6.1 86 ± 3.4 0.5 > 0.05

DLCO (mean ± SD, mL/min/mmHg) 23.05 ± 5.07 24.3 ± 4.7 0.4 > 0.05

FeNO 43.46 ± 6.72 29.43 ± 3.64 < 0.0001 0.001

LFA-REAL, Lupus Foundation of America Rapid Evaluation of Activity in Lupus; SLAM, Systemic Lupus Activity Measure; SDI, Systemic Lupus
International Collaborating Clinics/American College of Rheumatology damage index; Anti-RNP, Autoantibodies anti-ribonucleic proteins; C3,
Complement fraction 3; C4, Complement fraction 4; FEV1, Forced expiratory volume in 1 s; FVC, Force of vital capacity; DLCO, Diffusion Lung
of Carbon Oxide; FeNO, Fraction of Exhaled Nitric Oxide

*Anti-dsDNA antibodies were measured by Farr method
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