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ABsTRACT. Background: There is no known marker to screen patients with sarcoidosis to determine the risk of
progression to pulmonary fibrosis. We aimed to identify potential noninvasive biomarkers for early detection
of pulmonary fibrosing sarcoidosis. Methods: A case-control study was performed on African Americans with
confirmed sarcoidosis included 31 subjects with pulmonary fibrosis vs. 36 without pulmonary fibrosis. Plasma
samples were analyzed by liquid chromatography-mass spectrum. Multivariate statistical analysis models were
developed in a training set based on 50 age- and sex-matched samples to identify metabolites involved in the
discrimination. Principal component analysis and orthogonal partial least squares-discriminant (OPLS) analysis
coupled to the most influential variables were used to derive significant metabolic discriminations. Results: Of
the datasets from 171 feature peaks, 14 features including p-coumaroylagmatine and palmitoylcarnitine showed
significant differences between fibrosing and non-fibrosing pulmonary sarcoidosis (p = 0.001). OPLS analysis
presented clear separation between two groups with an acceptable goodness of fit (R? = 0.522) and predictive
power (Q?=0.322). Discriminating metabolites involved collagen pathway metabolites especially those in the
arginine-proline pathway. Conclusions: Metabolomics can provide a useful tool to detect pulmonary fibrosis in
patients with sarcoidosis. Two discriminating metabolites, p-coumaroylagmatine and palmitoylcarnitine may be
potential markers for fibrosing pulmonary sarcoidosis. (Sarcoidosis Vasc Diffuse Lung Dis 2016; 33: 29-38)
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often involves the lung and disability and death are
strongly associated with pulmonary fibrosis (3-5).
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The extent of pulmonary fibrosis also varies greatly
but may occur to a variable degree in up to 30% of pa-
tients (6). Treatment for sarcoidosis is unclear because
of the uncertainty of disease progression. Unfortu-
nately, there is no known marker to screen patients
with sarcoidosis to determine the risk of progression
to pulmonary fibrosis; nor there is a marker of activ-
ity of the fibrosing process. Both of which would be
extremely useful in caring for these patients.

Metabolomics is an approach to identify and
measure small molecules (metabolites) in human
fluids. It can provide valuable information about the
influence of genetic, epigenetic, and environmental
factors on systems biology (7, 8). It is aiding our un-
derstanding of the function and malfunction of gene
products and the diagnosis and prognosis of diseases.
It also can be useful for nutritional and environmen-
tal monitoring (9, 10).

Metabolomics can identify biomarkers for the
diagnosis and prognosis of conditions such as cardio-
vascular disorders (11), cancers (12, 13), asthma (14),
chronic obstructive pulmonary disease (15), tubercu-
losis (16), sepsis (17, 18) and HIV (19, 20). Meth-
ods that have been used to identify these metabo-
lites including proton nuclear magnetic resonance
("H-NMR) spectroscopy, gas chromatography-mass
spectrometry (GC-MS) and liquid chromatography-
mass spectrometry (LC-MS) (21).

Our study aimed to identify metabolites in pa-
tients with sarcoidosis with pulmonary fibrosis that
are not present in patients with sarcoidosis without
fibrosis in order to try to identify biomarkers of this
process. The eventual role of this would be to predict
progression to fibrosis and thus poor outcomes and
activity of the process to determine a need for inter-
vention.

METHODS

This study was approved by an Institutional Re-
view Board of University of Illinois at Chicago (ap-
proval number of 20130195001).
Study Design and Patient Data

This was a case-control study on African Ameri-

can subjects with confirmed sarcoidosis. Confirmed
sarcoidosis was defined as presence of compatible

clinical symptoms and treating physician’s diagnosis,
and the presence or history of bilateral hilar lymphad-
enopathy on chest imaging, and characteristic non-
necrotizing granulomata in the lung parenchyma or
lymph nodes, and the exclusion of all other potential
causes (22). Thirty-one subjects with pulmonary fi-
brosis defined with Scadding score 4 on chest radio-
graph and evidence of extensive pulmonary fibrosis
determined by chest CT scan to occupy more than
25% of the lung field (23) versus 36 subjects with-
out fibrosis (Scadding stage 0 or 1 and no fibrosis in
the chest CT scan) were included in the study after
giving their written informed consent. Obstructive
defect in pulmonary function tests (PF'T) was de-
fined per American Thoracic Society and European
Respiratory Society (ATS/ERS) guidelines with an
FEV1/FVC ratio less than lower limit of normal
(24). Obstructive defect was found in 10 out of 31
sarcoidosis subjects with pulmonary fibrosis.

The composite physiological index (CPI) which
is a validated weighted index of PFT variables for
mortality prediction in sarcoidosis was calculated per
Wells and colleagues equation (CPI score = 91.0 —
(0.65 x percent predicted DLCO) — (0.53 x percent
predicted FVC) + (0.34 x percent predicted FEV1)
(23, 25).

Plasma samples were obtained after an over-
night fasting from both groups and processed for
metabolomics study. Blood samples were taken in
the EDTA tubes. The samples centrifuged and plas-
ma aliquoted, frozen at -80’ C until use and thawed
once. All samples were collected at one center and
processed with a single standard system operation.

LC-MS ANALYSIS AND METABOLITE
CONCENTRATION PROFILING

LC-MS analysis was performed using a Shi-
madzu Ton-Trap (IT)- time of flight (TOF) LCMS
coupled with Prominence ultra fast liquid chroma-
tograph (UFLC) pumps (Shimadzu Corporation,
Japan). The method has been discussed previously
(26). Samples were prepared by protein precipitation
with 4X excess ice-cold 8:1:1 methanol, chloroform,
water (v:v:v). They were then centrifuged; superna-
tants were evaporated and reconstituted in 100 uL
acetonitrile. Chromatographic separation was per-

formed using a Waters Acquity UPLC BEH amide
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column (1.7 um, 2.1 x 100 mm). The scan range was
set to 50-1000 m/z using polarity switching to gen-
erate data in a positive and negative mode.

To obtain metabolite concentrations, XCMS
online software was used to read and process LC-
MS data stored in the mzXML files. Using this soft-
ware, LC-MS spectra were processed and analyzed
for compound detection, providing the relative con-
centration, retention time, and mass value, as well
as univariate statistical analysis (27). XC-MS is an
online free software with an open-source license at
http://xcmsonline.scripps.edu/.

Metabolites are recognized based by their re-
tention time and unique m/z ratio that exist in the
METLIN metabolites database (28). METLIN is
a web-based platform used to analyze nontargeted
metabolomic data at http://metlin.scripps.edu/.

PATHWAY ANALYSIS

Pathway analysis was performed by using Re-
actome, an open source peer reviewed pathway da-
tabase at http://www.reactome.org and http://www.
genome.jp/kegg-bin.

DaATA ANALYSIS

For the metabolomic data, the identification of
compounds and their intensities and the p values for
the differences in the intensities of analyzed ions be-
tween case and control groups were generated using
the XCMS Online system (Scripps Research Insti-
tute, USA).

Multivariate data analysis (MVDA) was per-
formed in a training set based on 50 age- and sex-
matched samples to create prediction models to
identify metabolites involved in the discrimination.
Unsupervised and supervised multivariate statisti-
cal analyses, such as principal component analysis
(PCA) and orthogonal partial least squares-dis-
criminant analysis (OPLS-DA), coupled the most
influential variables to derive significant metabolic
discriminations. PCA analysis as a basis of MVDA
was performed to show the intrinsic relationship,
differences, and variation between the two cohorts
of sarcoidosis patients for LC-MS features. A five-
component PCA model was built to summarize the

information derived from LC-MS data set from the
plasma samples.

OPLS-DA as a supervised method was used to
show the separation based on maximizing the covari-
ance between the two cohorts to identify the varia-
bles involved in discrimination and measures the pre-
dictability of the separation. To verify the OPLS-DA
models, three performance parameters CV-ANOVA
(p-value), R?Y and QY were obtained by multivari-
ate data analysis (29). They are necessary to indicate
the reliability and significance of model; R*Y and
Q?Y are used to evaluate goodness of fit and goodness
of prediction, respectively. Multivariate data analysis
was performed using SIMCA-P software (Version
13.0, Umetrics AB, Ume3, Sweden). The differences

were considered significant when P< 0.05.

THE PREDICTION SET MODELING

To obtain sensitivity, specificity and the area
under the receiver-operating curve characteristic
(AUC), we performed prediction tests. A misclas-
sification table was develpoed for all discriminant
analysis models to show the proportion of correctly
classified observations in each model. The prediction
sets were created from current active models (work
sets) by randomly taking 10 samples out from the
OPLS-DA model three times and averaged sensitiv-
ity, specificity and AUC.

REsuLTs
Subject demographic and clinical characteristics

The demographic and clinical characteristics of
the enrolled subjects are shown in table 1. Out of
67 subjects, 24 (77%) in the case and 29 (81%) in
the control group were females. The mean (SD) ages
of patients in the case and control groups were 53.7
(10.9) and 48.7 (10.2) years, respectively (P=0.06).
The duration of disease was longer in the subjects
with pulmonary fibrosis than the control group, 13
(7.3) vs. 9 (6.7) years respectively, (P=0.024). There
was a significant statistical difference in the mean
(SD) of CPI score between subjects with and with-
out pulmonary fibrosis 35 (17) vs. 20 (13) in case and
control groups respectively (p=0.001).



32

M. Mirsaeidi, M.M. Banoei, C.K. Nienow, et al.

Table 1. The demographic and clinical characteristics of the en-
rolled subjects

Case Control P-value
(N=31) (N=36)

Female N(%) 24(77)  29(81) 0.753
Age M(SD)(year) 53.7(10.9) 48.7(10.2)  0.06
Asthma 10(32) 9(25) 0.512
BMI M(SD) 32(12)  35(7) 0.229
Duration of disease M(SD)  13(7.3) 9(6.7) 0.024
History of smoking 13(42) 10(27) 0.227
Current smoker 2(6) 3(8) 0.771
HTN 16(52) 17(47) 0.72
Hyperlipidemia 12(39) 5(14) 0.024
Congestive heart failure 3(10) 2(6) 0.527
Pulmonary hypertension 6(19) 1(3) 0.056
Diabetes mellitus 8(26) 11(31) 0.667
Cirrhosis 2(6) 1(3) 0.481
Chronic kidney disease 3(10) 1(3) 0.264
Neurologic disorders 4(13) 5(14) 0.906
GERD 7(23) 131) 0.464
Cough 18(58) 11(31) 0.025
Sputum production 7(23) 3(8) 0.115
Dyspnea 25(81) 9(25) <0.0001
Weight loss 3(10) 1(3) 0.264
Fatigue 1032)  9(25) 0.512
Eye involvement 9(29) 7(19) 0.361
CPI score mean+SD 3517 20+13 0.001

Comparing comorbid conditions in two groups
only revealed higher rate of hyperlipidemia in the
pulmonary fibrosis group (12 (39%) vs. 5 (14%) re-
spectively, P=0.024)

Univariate analysis of LC-MS features

171 features were detected in plasma samples
and 10 features had significant difference between
two groups. Subsequent, metabolomic analysis
showed a significantly higher levels of flabellidine,
carnitine, and N-stearoyl serine and lower phenyla-
lanine in subjects with pulmonary fibrosis. Table 2
shows the list of metabolites that were identified in
the univariate analysis.

Analysis of metabolic pattern

Based on 171 identified features, a five-com-
ponent PCA model was obtained from the LC-MS
data sets derived from the plasma samples to evalu-
ate the interrelation and grouping between metabo-
lomics data of sarcoidosis subjects with and without
fibrosis, including clustering and determining instru-
mental and biological outliers among the samples.
Therefore, the final PCA model was created and in-
terpreted after removing extreme outliers. The PCA
score plot of the whole LC-MS data set based on the
first, second, and third principal components in 3 di-
mensional (3D) fashion demonstrated that the fibro-
sing sarcoidosis group could be distinguished from
the non-fibrosing sarcoidosis group (Figure 1). The
R*X (cumulative) value was 0.32 for all first, second

t()

Fig. 1. The unsupervised PCA analysis shows the general separa-
tion (clustering) and finds the outliers. T1(X axis) is first principal
component that has the greatest variation between the samples and
2 (Y axis) is the second principal component has the second great-
est variation, and t3 (Z axis) as the third greatest variation between
the samples

Table 2. List of metabolites identified in the metabolomic analysis (online supplemental)

Metabolites Retention time m/z Mass accuracy, Fold change Up/down  p-value
(min) ppm
Flabellidine 12.06 311.2058 11 1.7 Up 0.00308
Elaidic carnitine 11.32 426.3562 3 1.4 Up 0.00597
Phenylalanine 16.4 166.0865 1 1.7 Down 0.01194
1-Methylestra-1,3,5(10)-triene-3,17beta-diol 12.22 287.2056 17 1.5 Up 0.01201
Nadolol 12.06 310.2024 3 14 Up 0.02339
N-stearoyl serine 11.51 394.2932 1 1.7 Up 0.04012
Palmitoyl-L-carnitine 114 400.3413 2 1.3 Up 0.04178
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Fig. 2. The supervised OPLS-DA analysis shows the best pos-
sible prediction and interpretation of discrimination between case
(fibrosing sarcoidosis) and control (non fibrosing sarcoidosis). X
axis is as prediction component that shows differences between
groups, and Y axis stands for an orthogonal component that shows
differences within group. R?= 0.522, Q= 0.322, p= 0.002. R?is as
goodness of fit, Q*is as goodness of prediction and p shows the
significance level of the model.

and third components that shows a high variation of
X variables (features) among samples (Table 3).

A supervised OPLS-DA analysis was per-
formed to show predictive classifications between
two cohorts. By the non-targeted LC-MS metabo-
lomics datasets from 171 feature peaks, 14 features

showed significant differences between the two
groups in MVDA identified by variable importance
in projection (VIP) that computes the influence of X
variables (metabolites-features) on observations. The
results indicated that a statistically significant sepa-
ration in metabolic profiles exists between delineated
fibrosing from non-fibrosing sarcoidosis (p = 0.001)
(Figure 2). OPLS analysis separated the two groups
with relative good predictive power (Q*= 0.322).

As illustrated in coefficient plot (Figure 3), 10
metabolites and 4 features (unidentified) were found
as the most meaningful for separation between sar-
coidosis with and without pulmonary fibrosis. The
model demonstrated higher levels of p-coumaroy-
lagmatine in pulmonary fibrosis subjects as well as
carnitine and vitamin D metabolites. The discrimi-
native metabolites show collagen related metabolites,
primarily those in the arginine-proline pathway. (On
line Supplement figure 1)

The coeflicient plot was used to show rela-
tive correlation of the most important metabolites
with each group that contributed in the separation
between two cohorts. Figure 3 depicts 14 features
that were increased (n=13) and decreased (n=1) in
the fibrosing sarcoidosis in comparison to the non-
fibrosing sarcoidosis.

Figure 4 is the observed vs. predicted plot that is
created based on the OPLS-DA analysis to verify the

discrimination of the two cohorts with showing the
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Fig. 3. Coeflicient plot refers to scaled and centered metabolites’ relative correlation data, with confidence interval derived from jack-knifing.

(online supplemental)
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Fig. 4. Observed vs. predicted plot displays the observed values vs.
the fitted or predicted values based on the best OPLS-DA model,
after the last component. X axis is Y predicted value for each ob-
servation and Y axis is for the variable as a value of the observed
(original) response. (online supplemental)

predictive ability more transparently. Figure 4 shows
that most of the observations in the two cohorts of
patients, stay to the right of 0.5 value as threshold to
show the separation. Except for some samples that
show overlapping, the separation overall is relative

good.

Metabolite analysis for subjects with an obstructive
defect on PFT5

OPLS-DA analysis produced a predictive mod-
el with a good separation (R*= 0.553, Q= 0.422, p=
0.002) to recognize the patients with an obstruc-
tive defect on pulmonary function tests (n=11) from
those without an obstructive defect (n=14) in the fi-
brosing sarcoidosis cohort (Figure 5). The observed
total variation in the metabolomic profiling between
two cohorts amounted to 95% Hotelling T2 confi-
dence interval indicated marked differences between
the two groups.

Metabolite analysis for subjects with an CPI score >40

OPLS-DA analysis showed relatively good dis-
crimination (R*Y=0.476 Q?Y= 0.381) with statisti-
cally significant level (p= 0.0001) between those in-
dividuals with CPI score > 40 (n=10) versus those
had CPI < 40 (n=31) (Figure 6). The metabolomics
profile has a sensitivity in differentiating subjects

Fig. 5. The supervised OPLS-DA analysis shows a very good dis-
crimination between patients with obstructive defects on PFTs
and those with non-obstructive findings in fibrosing sarcoidosis

cohorts. (R?= 0.553, Q= 0.422, p= 0.002)

with CPI > 40 of 67%, specificity of 100%, posi-
tive predictive value of 100% and negative predictive
value of 75%.

The prediction sets results

The prediction set for differentiating subjects
with and without pulmonary sarcoidosis using 14
metabolites and features showed a strong predict-
ability (Figure 4 and table 3). Therefore, our pro-
posed model reached a sensitivity of 93%, specificity
of 73%, positive predictive value of 79% and negative
predictive value of 92%.

The prediction set that metabolic profiling could
be strong enough with relatively high predictability
and significant (Q*Y= 0.421, p= 0.002) to separate
patients with and without obstructive defect in PFTs
and among those with CPI > 40 vs. CPI < 40 score
among the fibrosing sarcoidosis cohort (Figure 5, 6,

7 and table 3).
PATHWAY ANALYSIS
Two of the 10 known discriminating metabo-

lites (p-coumaroylagmatine and palmitoylcarnitine)
were mapped to two distinct pathways. Palmitoyl-
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Table 3. The prediction sets results for fibrosing pulmonary sarcoidosis, obstractive defects among fibrosing pulmonary sarcoidosis and CPL.,

OPLS-DA analysis R%Y QY Pvalue  Sensitivity Specificity PPV NPV AUC
Fibrosing vs non-fibrosing sarcoidosis 0.514 0.322 0.002 93% 73% 79% 91% 0.92
Obstructive vs. non-obstructive 0.553 0.421 0.002 85% 100% 100% 98% 1
CPL, vs. CPL,, 0.464 0.378 0.0001 67% 100% 100% 75% 1

CPI: Composite physiological index, PPV: positive predictive value, NPV: Negative predictive value, AUC: area under the receiver-operating

curve.

Fig. 6. OPLS-DA analysis showed relatively good discrimination
(Q%Y= 0.381, R’Y=0.464) with statistically significant level (p=
0.0001) between those individuals with CPI score > 40 (n=10) vs.
those had CPI < 40 (n=31)

CoA is important for the mitochondrial matrix and
mitochondrial L-carnitine shuttle. P-coumaroylag-
matine is involved in arginine and proline metabo-
lism (30), which is involved in the fibrosis process.
On-line Supplemental figures 1 and 2 show these
metabolic pathways.

Discussion

Some patients with sarcoidosis have minor non-
progressive disease and others progress to disability,
respiratory failure, and death. During course of the
disease, there is no good way to determine which
will progress and which will not (23, 31, 32). Pro-
gressive disease may be due to infections, pulmonary
hypertension, or worsening fibrosing disease (32).
A marker of fibrosis, especially if it could indicate
ongoing activity in a manner more sensitive than

Fig. 7. The unsupervised PCA analysis shows the general separa-
tion (grouping) between obstructive and non-obstructive individu-
als (based on PFTs) in fibrosing sarcoidosis cohorts. T1(X axis) is
first principal component that has the greatest variation between
the samples and t2 (Y axis) is the second principal component has
the second greatest variations, and t3 (Z axis) as the third greatest
variation between the samples

imaging and pulmonary function testing, could alert
clinicians to disease activity and need for treatment.
Furthermore, such a marker could help understand
the pathophysiology of this disease and be useful for
clinical trials.

This study identified markers in sarcoidosis pa-
tients that were associated with pulmonary fibrosis.
By identifying those patients who are at risk for pro-
gressive disease, it may be possible to develop treat-
ment strategies to control or prevent progression.

In this study, we could separate sarcoidosis sub-
jects with pulmonary fibrosis from those without
fibrosis by using a plasma metabolomics approach.
This 14 metabolite-feature model could be used for
assessment of fibrosing activity and thus risk of pro-
gression. We also showed that LC-MS was a predic-
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tor of obstructive defect in pulmonary function tests
in patients with pulmonary fibrosis (Figure 5).

Interestingly, three metabolites in the regression
model are associated with arginine and proline me-
tabolism. Collagen molecules are mainly composed
of glycine, hydroxyproline, and proline (33). Proline
and hydroxyproline form almost 23% of collagen
molecules (33), and arginine is a necessary precursor
of proline (34). More than 99% of the body’s stores
of hydroxyproline are found in collagen (35). Given
p-coumaroylagmatine is bioactive molecule derived
from decarboxylated arginine, a significantly higher
p-coumaroylagmatine plasma level is seen in fibros-
ing pulmonary sarcoidosis individuals (as shown in
Table 4 and figure 3) suggest higher collagen me-
tabolism in this group.

The current study found two related carnitine
metabolites had significantly higher levels in patients
with pulmonary fibrosis. Carnitine has a major role
in cellular metabolism (36) through acyl-coA, which
is responsible for the transport of cytoplasmic long-
chain fatty to the mitochondrial matrix where they
are processed for beta oxidation and energy produc-
tion (37).

Another finding of higher agmatine (p-cou-
maroylagmatine) and palmitoylcarnitine in the
plasma of persons with fibrosing pulmonary sar-
coidosis suggests mechanistic pathways. Agmatine
(p-coumaroylagmatine) is a bioactive molecule de-
rived from decarboxylated arginine. It is an agonist
of the histamine H3 receptor (H3R), which plays an
important role in inducing inflammation and allergic
reactions in asthma (38, 39).

Palmitoylcarnitine is a surface-active agent with
surfactant properties. Palmitoylcarnitine is an inter-
mediate in mitochondrial fatty acid oxidation and,
thus, an indicator of mitochondrial respiration (40,
41). Increased palmitoylcarnitine in the fibrosing
sarcoidosis would be consistent with alveolar remod-
eling and leaking of alveolar surfactant to the blood
stream. If true, palmitoylcarnitine could be investi-
gated as a new biomarker for alveolar remodeling.

Carnitine can increase collagen and extracellu-
lar matrix. Stoppoloni and coworkers showed that
carnitine enhances extracellular matrix synthesis in
human cartilage (42). Its effect on human lung tissue
remains unclear, although it has been claimed that
acetyl-L-carnitine could reduce lung injury induced
by bleomycin in animal model (43).

The present study found significantly higher
levels of vitamin D; metabolite (19-hydroxy-10S,
19-dihydrovitamin Ds) in subjects with sarcoidosis
and pulmonary fibrosis. Vitamin D; and its metab-
olites levels have been found to be increased in al-
veolar macrophages in persons with sarcoidosis (44).
Higher serum vitamin D levels are linked to greater
disease activity and poorer prognosis in sarcoidosis
(45). Our vitamin D metabolite findings may be
markers of disease activity by themselves and should
be explored further.

Our study has several limitations. Our overall
and prediction group sample size were not large. We
did not study clinical outcomes (not all fibrosis pa-
tients do poorly). The study was retrospective and
the subjects were not being controlled for in term
of their therapies and medications. This study is an

Table 4. List of metabolites identified in multivariate discriminant analysis model

Metabolites Retention time (min) m/z Mass accuracy, ppm Fold change

p-Coumaroylagmatine 1.800333333 299.1404484 24 1.33187016

Elaidic carnitine 11.3155 426.3562344 3 1.351175314
N-stearoyl serine 11.514 394.2932319 1 1.675419018
Palmitoylcarnitine 11.40333333 400.3413307 1 11.40333333
1-Methylestra-1,3,5(10)-triene-3,17beta-diol 12.21841667 287.2056179 17 1.477334715
19-Hydroxy-108S,19-dihydrovitamin D3 11.40775 425.3435275 10 1.29973358

Pregeijerene 8.7605 185.1292084 4 1.315845762
6-Bromo-2-naphthol 10.48616667 244.9580907 3 1.272196791
2-(9E-octadecenoyl)-sn-glycero-3-phosphocholine  13.20283333 522.3502835 9 1.101795274
1-Hexadecylamine® 4.115 242.2847071 2 1.217777034
M206T10 (unknown feature) 10.482 205.9289544 X 1.157665149
M142T16 (unknown feature) 16.46825 142.1146796 X 1.216470804
M206T10 (unknown feature) 8.424083333 205.9286471 X 1.187330813
M308T17 (unknown feature) 17.00075 307.6882433 X 1.226774939

This metabolite was detected in lower level in the case group
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initial step to apply metabolomics to the assessment
of pulmonary fibrosis in sarcoidosis. A prospective
study is needed to test the value of this information
in predicting progression in an independent patient
group. The multivariate model has a moderately high
negative predictive value but a relatively low positive
predictive value.

In conclusion, this study presents a metabo-

lomic approach as a novel tool for assessment of
pulmonary fibrosis in sarcoidosis. Our findings show
that arginine-proline pathway is increased in patients
with fibrosis, which might be expected by the forma-
tion and breakdown of collagen. Palmitoylcarnitine
is a potential biomarker in fibrosing pulmonary sar-
coidosis. A combination of 14 metabolites and fea-
tures found in this study could be used as biomarkers
to detect pulmonary fibrosis in sarcoidosis patients.
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