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Background: Right ventricular hypertrophy and elevated pulmonary arterial
pressure are the results of abnormal pulmonary artery smooth muscle cell
(PASMC) migration and proliferation, which cause pulmonary vascular
. remodeling and pulmonary hypertension (PH), which is still a fatal condition.
Email: _ Secreted glycoprotein follistatin-like protein 1 (FSTL1) reduces tissue
hebaaboelmge@gmail.com | remodeling in cardiovascular injury. However, the function of FSTL1 in
aberrant pulmonary arteries is still unknown.Aim: To evaluate the
) relationship between the plasma levels of FSTL1 and hypoxia-induced
Submit Date 10-03-2024 | ;imonary hypertension in pediatric patients.Methods: This case—control
Revise Date  24-03-2024 | g1,4y was conducted in the Pediatrics and Medical Biochemistry
Accept Date  25-03-2024 | pepartments of the Faculty of Medicine, Zagazig University. Thirty-nine
subjects were divided into three groups: group (I): 13 subjects with no history
of pulmonary or cardiovascular disease and not receiving any medication
composed the control group; group (II): 13 patients with pulmonary
hypertension and no history of pulmonary disease; and group (IlI): 13
patients with hypoxia-induced pulmonary hypertension. Plasma levels of
FSTL1 were measured in all subjects.Results: Plasma FSTL1 levels were
significantly higher in patients with hypoxia-induced pulmonary hypertension
compared to healthy controls and patients with pulmonary hypertension and
no history of pulmonary disease. FSTL1 can significantly predict hypoxia-
induced pulmonary hypertension in pediatric patients (AUC= 0.982, P value
<0.001) at a cut-off > 63.435ug/L with 92.31% sensitivity and 100%
specificity.
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Conclusion: Plasma levels of FSTL1 were found to be a significant predictor
of hypoxia-induced pulmonary hypertension in pediatric patients.
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INTRODUCTION homology with the activin-binding protein

ascular remodeling and proliferation are

hallmarks of the condition known as

pulmonary hypertension (PH), which affects
the tiny pulmonary arteries. It causes the mean
pulmonary arterial pressure to rise by more than
25 mm Hg, and the pulmonary vascular resistance
to gradually increase [1].
Since follistatin-like proteins are members of the
major family of secreted protein, acidic and rich
in cysteine (SPARC) that share a high degree of
primary sequence and domain structural
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follistatin (FST), they appear to be intriguingly.
These homologous proteins play a role in
controlling how cells interact with their
surroundings [2].

Because it is expressed in the majority of
mesenchymal cell types, FSTL1 has an impact on
lung tissue. It has been demonstrated that a
reduction in FSTL1 in mice causes respiratory
failure, which in turn causes postnatal death.
Furthermore, the creation of the cartilaginous base
of the respiratory tract is disrupted by the
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inactivation of the FSTL1 gene. This is shown by
a halt in development and a reduction in the
tracheal trunk's overall number of produced
semicircles [3].
Because no previous studies have investigated
pulmonary hypertension in humans and its
relationship with FSTL1, this study aimed to
evaluate the relationship between plasma levels of
FSTL1 and  hypoxia-induced  pulmonary
hypertension in pediatric patients.

METHODS
This case—control study was conducted in the
Pediatrics and Medical Biochemistry Departments
of the Faculty of Medicine, Zagazig University,
from August 2022 to February 2023. Thirty-nine
subjects were divided into three groups: group (1):
13 subjects with no history of pulmonary or
cardiovascular disease and not receiving any
medication composed the control group; group
(I1): 13 patients with pulmonary hypertension and
no history of pulmonary disease; and group (I11):
13 patients with hypoxia-induced pulmonary
hypertension.
Written informed consent was obtained from all
participants, the study was approved by the
research ethical committee of Faculty of
Medicine, Zagazig University (IRB number
9735). The study was done according to The Code
of Ethics of the World Medical Association
(Declaration of Helsinki) for studies involving
humans.
The inclusion criteria
Group (I); pediatric patients with hypoxia-induced

pulmonary hypertension (a. pulmonary
parenchymal disease, including extensive
pneumonia, bronchopulmonary dysplasia,

interstitial lung disease, and hypoplasia of the
lungs; b. inadequate ventilator drive, including
obesity, hypoventilation, and the central nervous
system; c. disorders of the chest wall, including
kyphoscoliosis and weakness or paralysis of the
skeletal muscles). Group (Il); pediatric patients
without history of pulmonary diseases (large left
to right shunt lesions (patent ductus arteriosus-
ventricular septal defect, pulmonary venous
hypertension due to mitral stenosis-chronic heart
failure, and primary pulmonary vascular disease)).
Group (I11); healthy controls.

The exclusion criteria

Pediatric patients with autoimmune diseases,
inflammatory diseases, or bronchial asthma and
those with tumors were excluded from the study.
All  subjects subsequently  underwent a
guestionnaire interview that collected personal
information, sociodemographic information, and a
thorough medical history with a focus on age, sex,
and length of sickness; symptoms of pulmonary

Mahmoud, H., et al

Volume 30, Issue 9.1, December. 2024, Supplement Issue

hypertension (cough, dyspnea, recurrent chest
infection, haemoptysis, chest wheezing); anti-
failure drugs received (number, types, doses and
duration); previous hospital and ICU admissions
(number and drugs received during admission);
clinical examination; local examination of the
heart; laboratory investigations, including
complete blood count (CBC); C-reactive protein
(CRP); liver and kidney functions; and plasma
FSTL1 levels, which were measured by an
enzyme-linked immunosorbent assay (ELISA) kit
for humans. Conventional echocardiographic
evaluation was performed by the same
experienced physician using an ultrasound system
computer sonograph equipped with 2.5 to 3.5
MHz phased array transducers (with a Hewlett
Packard 5500 ultrasound system with a 2.5 to 3.5
MHz transducer) (HP, Andover, MA).

Statistical analysis

Statistical analysis was performed with SPSS v26
(IBM Inc., Armonk, NY, USA). ANOVA (F) with
a post hoc test (Tukey) was used to analyse
quantitative parametric data, the Kruskal-Wallis
test was used to analyse quantitative non-
parametric data with the Mann—Whitney test to
compare each group, the chi—square test was used
to analyse qualitative variables, Pearson’s
correlation was performed to estimate the degree
of correlation between two quantitative parametric
variables and Spearman’s correlation was
performed to estimate the degree of correlation
between two  quantitative  non-parametric
variables. ROC curve analysis was used to
evaluates the overall test performance (where the
area under the curve >50% denotes acceptable
performance and area about 100% is the best
performance for the test).

RESULTS
SBP was significantly high in group | than in
groups Il and Il (P =0.035 and <0.001,

respectively), and it was significantly higher in
group Il than in group Il (P =0.001). DBP was
significantly higher in group I than in group 111 (P
value =0.003), with no significant difference
between groups | and Il or between groups Il and
I1l. Pulses and RRs were significantly lower in
group I than in groups Il and I11 (P value <0.001),
with no significant difference between groups Il
and Ill. Oxygen saturation was significantly
higher in group I than in groups Il and 111 (P value
<0.001), with no significant difference between
groups Il and I1l. Pulmonary artery pressure was
significantly lower in group | than in groups Il
and Il (P value <0.001), and it was significantly
lower in group I than in group Il (P value
=0.010). (Tablel). FSTL1 plasma levels was
significantly higher in group Il than in groups |
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and Il (P value <0.001), with no significant
difference between groups | and 1l (Table 2).

In  hypoxia-induced pulmonary hypertensive
patients, there was a significant negative
correlation between FSTL1 and O, saturation (r= -
0.644, P =0.018), while there was a significant
positive  correlation between FSTL1 and
pulmonary artery pressure (r= 0.556, P =0.049).
There were no significant correlations between
FSTL1 and age, BMI, SBP, DBP, pulse, RR, Hb,
WBCs, platelets, ALT, AST, creatinine, or CRP
(Table 3).

In pulmonary hypertensive patients without
hypoxia, there was a significant negative
correlation between FSTL1 and AST (r=-0.653, P
=0.016), while there was no significant correlation
between FSTL1 and age, BMI, SBP, DBP, pulse,
RR, O saturation, pulmonary artery pressure, Hb,
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WABCs, platelets, ALT, creatinine, or CRP (Table
4).

In all pulmonary hypertensive patients, there was
a significant positive correlation between FSTL1
and creatinine (r= 0.543, P =0.004), while there
was a significant negative correlation between
FSTL1 and SBP (r= -0.424, P =0.031) and
pulmonary artery pressure (r= -0.462, P =0.017).
There were no significant correlations between
FSTL1 and age, BMI, DBP, pulse, RR, O
saturation, Hb, WBCs, platelets, ALT, AST, or
CRP (Table 5).

FSTLL1 can significantly predict hypoxia-induced
pulmonary hypertension in pediatric patients
(AUC= 0.982, P value <0.001) at a cut-off >
63.435ng/L, 92.31% sensitivity, 100% specificity,

100% PPV and 92.9% NPV (Table 6).

Table 1: Demographic, clinical and basic laboratory data of the studied groups

Group I | Group Il | Group 111
(n=13) (n=13) (n=13) Fugle
Median | 3 16 6
Age (years) IOR 2.4 0.6-45 0.8-8 0.561
Male 8 (61.54%) 7 (53.85%) 8 (61.54%)
Gender (n) Female | 5(38.46%) | 6(46.15%) | 5 (38.46%) 0.899
. Median | 12.5 11 22
Weight (kg) IOR 11-15 7.9-13 9-26 0.442
g";a” T196.85+21.98 |91.62+28.24 |97.85+30.09
Height (cm) 0.820
Range | 75-145 65 - 154 55 - 145
Mean =+
+ + +
BMI (kg/md) oD 16.78+3.02 |16.34+276 |18.61+2.91 0191
Range | 135- 25 12.2-219 13-22.9
Mean + P1=0.035*
+ + +
SBP (mmHg) oD 100 + 6.44 100.23 + 10.52 | 86.92 + 8.3 <0.001% | P2 <0.002%
Range 100 - 120 85 -125 70 - 100 P3 =0.001*
g";a” *16785+1095 |[5808+17.2 |50.69+7.05 P1=0.127
DBP (mmHg) 0.005* | P2 =0.003*
Range 50 -85 44 - 95 40 - 60 P3=0.298
Pulse g";a” *18277+997 | 136.15+22.47 | 132.85+17.01 P1<0.001*
(beats/min) <0.001* | P2 <0.001*
Range 66 - 100 100 - 165 110 - 160 P3 =0.887
RR 2"5""” *12315+493 | 46.69+10.88 | 46.85+12.97 P1 <0.001*
(breaths/min) <0.001* | P2 <0.001*
Range | 13-30 30 - 62 32-67 P3 =0.999
Mean =
: 97.85+121 |92+252 91.54 + 1.9 P1 <0.001*
8/20 | saturation | SD <0.001* | P2 <0.001*
Range | 95-99 89 - 97 89 - 95 P3 =0.819
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Pulmonary g"Dea” *11331+£1.25 |56.69+10.67 |48.46+4.74 P1<0.001*
artery pressure <0.001* | P2 <0.001*
(mmHg) Range 12-16 40 - 67 45 - 55 P3 =0.010*
g"Dea” *111.1+0.99 10.86+0.63 | 11.02+1.72
Hb (g/dl) 0.876
Range | 9.5-13.2 9.5-11.9 78-135
g’g’a” *110+389 9.77+3.73 9.9 +3.73
WBCs (x10%L) 0.988
Range 5-16.2 52-17.2 6.4-18
Mean + | 332.31 +
Platelets oD 1100 362.15+97.9 | 357.15 + 73.34 S oo
(x10°%/L) :
Range | 150 - 540 166 - 547 234 - 467
Median 18 15 17
ALT (U/L) 0.842
IOR 15-25 13- 20 14-22
Median | 27.2 33.7 26
AST (U/L) 0.194
IOR 175-31 28.2-457 205 - 47
Creatinine Median 0.32 0.3 0.42 0123
(mg/dI) IQR 0.2-0.4 0.21 - 0.37 0.36 - 0.56
Median 9 12.8 12
CRP (mg/dl) 0.252
IOR 6-11 6-24 9-24

BMI: body mass index, IQR: interquartile range, SD: standard deviation, SBP: systolic blood pressure, DBP:
diastolic blood pressure, RR: respiratory rate, Hb: hemoglobin, WBCs: white blood cells, ALT: alanine
transaminase, AST: aspartate aminotransferase, CRP: C-reactive protein, *:significant as P value < 0.05, P1:
P value between group | and I, P2: P value between group I and 111, P3: P value between group Il and Il1.

Group (I): control subjects with no history of pulmonary or cardiovascular disease and not receiving any
medication; group (I1): patients with pulmonary hypertension and no history of pulmonary disease; and
group (I11): patients with hypoxia-induced pulmonary hypertension.

Table 2: FSTL1 of the studied groups

_ Group Il Group Il
Group | (n=13) (n=13) (n=13) P value
Mean £ 55534758 54.31 + 8.79 110.25 + 26.73 P1=0.961
FSTL1 SD . .
s SKIT —{ <0.001 P2 <0.001
g Range 40.324-63.435 | 44274-76132 | 1 50 P3 <0.001*

FSTL1: Follistatin-like protein 1, *: significant as P value < 0.05, P1: P value between group I and II, P2: P
value between group | and 111, P3: P value between group Il and 111

Group (I): control subjects with no history of pulmonary or cardiovascular disease and not receiving any
medication; group (I1): patients with pulmonary hypertension and no history of pulmonary disease; and
group (I11): patients with hypoxia-induced pulmonary hypertension.
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Table 3: Correlation between FSTL1 and different parameters in hypoxia-induced pulmonary hypertensive

patients

FSTL1 (pg/l)

r P value
Age (years) -0.171 0.577
BMI (kg/m?) -0.028 0.928
SBP (mmHg) 0.205 0.502
DBP (mmHQg) 0.150 0.624
Pulse (beats/min) 0.316 0.293
RR (breaths/min) 0.104 0.737
O; saturation (%) -0.644 0.018*
Pulmonary artery pressure (mmHg) 0.556 0.049*
Hb (g/dl) -0.249 0.412
WBCs (x10%L) -0.485 0.093
Platelets (x10%L) -0.255 0.401
ALT (U/L) 0.064 0.835
AST (U/L) 0.143 0.642
Creatinine (mg/dl) 0.451 0.122
CRP (mg/dl) -0.547 0.053

FSTLL: Follistatin-like protein 1, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood
pressure, RR: respiratory rate, Hb: hemoglobin, WBCs: white blood cells, ALT: alanine transaminase, AST:
aspartate aminotransferase, CRP: C-reactive protein, *: significant as P value < 0.05, r: correlation
coefficient

Table 4: Correlation between FSTL1 and different parameters in pulmonary hypertensive patients without

hypoxia

FSTL1 (pg/l)

r P value
Age (years) 0.262 0.387
BMI (kg/m?) 0.170 0.578
SBP (mmHg) 0.078 0.800
DBP (mmHg) 0.173 0.573
Pulse (beats/min) 0.031 0.920
RR (breaths/min) -0.030 0.924
O, saturation (%) -0.110 0.720
Pulmonary artery pressure (mmHg) 0.176 0.566
Hb (g/dl) -0.219 0.472
WBCs (x10%/L) -0.426 0.147
Platelets (x10%L) 0.402 0.174
ALT (U/L) -0.519 0.069
AST (U/L) -0.653 0.016*
Creatinine (mg/dl) 0.203 0.507
CRP (mg/dl) -0.225 0.460

FSTLZX: Follistatin-like protein 1, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood
pressure, RR: respiratory rate, Hb: hemoglobin, WBCs: white blood cells, ALT: alanine transaminase, AST:
aspartate aminotransferase, CRP: C-reactive protein, *: significant as P value < 0.05, r: correlation
coefficient
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Table 5: Correlation between FSTL1 and different parameters in pulmonary hypertensive patients

FSTL1 (pg/l)

r P value
Age (years) 0.150 0.465
BMI (kg/m?) 0.326 0.104
SBP (mmHg) -0.424 0.031*
DBP (mmHQg) -0.175 0.392
Pulse (beats/min) 0.035 0.864
RR (breaths/min) 0.045 0.828
O, saturation (%) 0.103 0.618
Pulmonary artery pressure (mmHg) -0.462 0.017*
Hb (g/dl) -0.085 0.680
WABCs (x10%/L) -0.222 0.276
Platelets (x10%L) -0.050 0.808
ALT (U/L) -0.093 0.650
AST (U/L) -0.180 0.379
Creatinine (mg/dl) 0.543 0.004*
CRP (mg/dl) -0.127 0.538

FSTLL: Follistatin-like protein 1, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood
pressure, RR: respiratory rate, Hb: hemoglobin, WBCs: white blood cells, ALT: alanine transaminase, AST:
aspartate aminotransferase, CRP: C-reactive protein, *: significant as P value < 0.05, r: correlation

coefficient

Table 6: Diagnostic accuracy of FSTL1 in diagnosis of hypoxia-induced pulmonary hypertension

Cut-off AUC Sensitivity

Specificity PPV NPV P value

FSTLI1 (ug/l) | >63.435 [0.982 [92.31

100 100 92.9 <0.001*

FSTL1: Follistatin-like protein 1, AUC: area under the curve, PPV: positive predictive value, NPV: negative

predictive value, *: significant as P value < 0.05

DISCUSSION
In our investigation, there was no significant
difference between groups | and II; however, the
FSTL1 of group Il was significantly greater than
that of groups | and Il (P value <0.001).
Similar to NDRG1, a hypoxia-induced gene that
reduces hypoxic injury, FSTL1 protein expression
was shown in a previous study to be significantly
elevated under hypoxia in primary human
trophoblasts, which is consistent with our findings
[4].
Furthermore, FSTL1 was observed to increase in
the circulation or in the explanted failing heart in
individuals with acute coronary syndrome (ACS)
or heart failure, respectively, according to studies
by Lara-Pezzi et al. [5] and Widera et al. [6].
Additionally, Shimano et al. [7] reported that
transverse aortic constriction (TAC) significantly
increased the cardiac transcript level of Fstll in
mice sevenfold, demonstrating the role of FSTL1
as an antihypertrophic "cardiokine" in response to
pressure overload.
Furthermore, permanent left anterior descending
coronary artery ligation (LAD) increased serum
FSTL1 to three times its baseline level and
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increased the transcript level of the ischemic heart
by thirteen times. A clinically significant secreted
factor called FSTL1 has been suggested by
emerging data to be highly regulated and to have a
protective function against cardiovascular insults
[8].

Zhang et al. [9] discovered that a mouse model of
hypoxia-induced PH (HPH) and patients with PH
associated with chronic obstructive pulmonary
disorders (COPDs) have increased serum levels of
FSTL1. Nevertheless, following a 4-week hypoxic
challenge, the level of FSTL1 in phosphate-
buffered saline controls was significantly lower
than that in mice that received exogenous FSTL1
intravenously, leading to somewhat improved
heart hyperfunction. Therefore, the inability of
increased FSTL1 expression to protect against
HPH may be explained by insufficient hypoxia-
induced FSTL1. Notably, there was no discernible
change in Fstll mRNA or protein levels in lung
tissue from baseline during the 4 weeks of
hypoxia. FSTL1 was first shown to confer
resistance to damage caused by hypoxia, possibly
for the purpose of protecting organs. The
protective mechanisms in the lung eventually
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decompensate as HPH progresses, and negative
outcomes follow, resulting in a decrease in Fstll
transcript and expression. However, further
research is needed to determine the exact
mechanism underlying the elevated serum FSTL1
found during hypoxia exposure.

Furthermore, skeletal muscle has been found to
release FSTLI, a novel “myokine” that either
facilitates ischemic limb reperfusion or inhibits
the establishment of vascular neo intimal
formation [10].

All of these findings corroborate our findings that
patients with dysfunctional pulmonary arteries
had elevated FSTL1 levels; this is significant
because it protects against PH. Patients with
idiopathic pulmonary fibrosis and mouse models
of bleomycin-induced lung injury [11], CCl4-
induced liver injury [12], and Kkidney injury
following unilateral ureteral obstruction all exhibit
higher levels of FSTL1 expression than healthy
tissue. Reduced expression of Fstll through
siRNA or haplodeficiency of Fstll reduces the
formation of collagen in liver and lung injuries
[13].

According to Liu et al. [14], FSTL1 may play a
role in the early development of Ilung
mesenchyme-derived airway smooth muscle
(SM). FSTL1was highly expressed in the SM
cells of the developing lung.

Xu and Cao [15] aimed to explore the
relationship between FSTL1 and lung fibroblast
activation triggered by oxidative stress under
simulated hypoxic conditions. The levels of the
oxidative stress markers malondialdehyde (MDA)
and catalase (CAT) tended to increase with
prolonged hypoxia treatment, while the
antioxidant tempol effectively mitigated oxidative
stress. Western blot analysis revealed parallel
changes in the expression of alpha smooth muscle
actin (a-SMA) and FSTL1 in response to
oxidative stress. Silencing of FSTL1 protein
expression led to decrease in the oxidative stress
index and decrease in the protein levels of
collagen 1 and o-SMA. Immunohistochemical
staining of o-SMA exhibited variations.
Fibroblasts were demonstrated to be activated by
intermittent hypoxia in a rat model, which
supports these findings. Periodic hypoxia causes
oxidative stress, which in turn activates
fibroblasts; the production of the FSTL1 protein
seems to be involved in this process.

In our study, in pulmonary hypertensive patients
without hypoxia, there was a significant negative
correlation between FSTL1 and AST (r=-0.653, P
=0.016), while there was no significant correlation
between FSTL1 and age, BMI, SBP, DBP, pulse,
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RR, O saturation, pulmonary artery pressure, Hb,
WABCs, platelets, ALT, creatinine, or CRP.

In our study, in hypoxia-induced pulmonary
hypertensive patients, there was a significant
positive correlation between FSTL1 and O
saturation (r= 0.644, P =0.018), while there was a
significant negative correlation between FSTL1
and pulmonary artery pressure (r= -0.556, P
=0.049). There were no significant correlations
between FSTL1 and age, BMI, SBP, DBP, pulse,
RR, Hb, WBCs, platelets, ALT, AST, creatinine,
or CRP.

In our study, in all pulmonary hypertensive
patients, there was a significant positive
correlation between FSTL1 and creatinine (r=
0.543, P =0.004), while there was a significant
negative correlation between FSTL1 and SBP (r=
-0.424, P =0.031) and pulmonary artery pressure
(r=-0.462, P =0.017). There were no significant
correlations between FSTL1 and age, BMI, DBP,
pulse, RR, O; saturation, Hb, WBCs, platelets,
ALT, AST, or CRP.

In our study, FSTL1 was an insignificant
predictor of pulmonary hypertension without
hypoxia in pediatric patients. FSTL1 can
significantly predict hypoxia-induced pulmonary
hypertension in pediatric patients (AUC= 0.982, P
value <0.001) at a cut-off >63.435 pg/L, 92.31%
sensitivity, 100% specificity, 100% PPV and
92.9% NPV.

In our study, age, sex, weight, height, and BMI
were not significantly different between the
studied groups.

On the other hand, Wang et al. [16] discovered
that, using univariate analysis, elevated BMI was
associated with PH in COPD patients residing at
high altitudes (HAs). Obesity and overweight are
positively  correlated with all-cause and
cardiovascular mortality [17]. Nonetheless, a prior
study from the Southeast Iran Plateau revealed a
significant correlation between low BMI and
severe PH in COPD patients, suggesting that high
BMI may be protective in individuals with severe
PH. [18]. This difference may be due to different
inclusion criteria and different populations.

In our study, Hb, WBCs, platelets, ALT, AST,
creatinine, and CRP were not significantly
different between the studied groups.

WBC counts are strongly correlated with CRP
levels, and some research has demonstrated that
extended hypoxia can reduce inflammation,
indicating that the wvascular endothelium has
adapted to hypoxia [19].

Wang et al. [16] showed that there was no
significant difference in transaminases between
COPD-PH patients at HA and COPD-PH patients
at LA, which is consistent with our results.
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According to earlier research, COPD-PH patients
had greater levels of CRP, IL-1, and IL-6 than did
COPD-NPH patients [20].

In contrast to our findings, a prior study revealed
that hypoxia increases platelet activation and
procoagulant factors in high-altitude
polycythemia, a form of altitude sickness,
indicating platelet participation in HPH [16]. This
discrepancy may be because the study was carried
out at high altitudes.

To the best of our knowledge, no previous studies
have investigated the correlation between FSTL1
and these different parameters.

CONCLUSION

FSTL1 levels were significantly higher in
hypoxia-induced pulmonary hypertensive patients
than in  normal controls and pulmonary
hypertensive patients  without hypoxia.
Additionally, FSTL1 was found to be a significant
predictor ~of  hypoxia-induced  pulmonary
hypertension in pediatric patients.
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