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Abstract

Background: Pulmonary hypertension (PH) is a progressive disorder marked by elevated
pulmonary arterial pressure, leading to right heart failure and high mortality. Emerging
evidence links metabolic disturbances, renal dysfunction, and molecular dysregulation to
PH pathogenesis. This study aimed to investigate biochemical and molecular biomarkers
associated with PH, focusing on renal, metabolic, and vascular parameters. Materials and
Methods: A hospital-based case—control study was conducted at Al-Sadr Teaching Hospital,
Iraq, from January to June 2024. Sixty-two PH patients and 30 age- and sex-matched healthy
controls were recruited. Fasting venous blood samples were analyzed for urea, creatinine,
glucose, insulin, uric acid, troponin I, homocysteine, and KCNK3. Insulin resistance (IR) was
estimated using HOMA-IR. Comparisons between groups were performed using independent
t-tests, correlations via Pearson’s coefficient, and diagnostic performance assessed using ROC
curve analysis. Results: PH patients exhibited significantly elevated urea, creatinine, glucose,
insulin, uric acid, homocysteine, and IR (P < 0.05) and reduced KCNK3 levels (P = 0.006)
compared to controls. ROC analysis showed IR (AUC 0.903), homocysteine (AUC 0.762), and
insulin (AUC 0.808) as effective discriminators of PH, whereas KCNK3 had limited diagnostic
accuracy (AUC 0.350). Correlation analysis demonstrated positive associations between
homocysteine and insulin/glucose, while KCNK3 inversely correlated with renal and metabolic
parameters. Subgroup analysis indicated higher urea and glucose in male patients (P < 0.05).
Conclusion: PH is associated with systemic metabolic dysregulation, renal impairment, and
molecular alterations, including reduced KCNK3 and elevated homocysteine. Insulin resistance
and homocysteine may serve as potential non-invasive biomarkers, highlighting the need for
integrated biochemical and molecular assessment in PH management.
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Introduction

Pulmonary hypertension (PH) is charac-
terized by elevated pressures in the pul-
monary arteries, ultimately leading to right
heart failure and significant mortality if left
untreated [1]. Recent revisions to the clinical
definition have lowered the threshold for PH
to a mean pulmonary artery pressure greater
than 20 mmHg [2, 3]. The condition is highly
prevalent in other systemic contexts, includ-
ing chronic kidney disease and heart failure
with preserved ejection fraction [4, 5]. Beyond
these acquired conditions, PH also manifests
as a secondary complication in adults with
congenital heart disease and valvular disor-
ders such as aortic regurgitation [5, 6]. While
left-sided heart disease remains the most
prevalent cause globally, the burden of pul-
monary arterial hypertension (PAH) and other
forms of PH is heavily influenced by regional
disparities, such as the higher prevalence of
congenital and connective tissue disease-re-
lated cases in Asia and the predominance of
infectious and rheumatic heart diseases in de-
veloping nations [7-9]. Recent comprehensive
assessments have revealed a shifting epidemi-
ological landscape, with significant increases
in PAH-related deaths and disability-adjusted
life years observed in high socio-demograph-
ic index countries, alongside projections indi-
cating a continued rise in burden, particularly
among females and older populations [10].

This disorder is broadly classified, with chron-
ic thromboembolic pulmonary hypertension
(CTEPH) standing out as a severe long-term
complication of acute pulmonary embolism
that remains potentially curable through sur-
gical intervention if identified early [11, 12].
Despite the availability of effective therapies
that can improve survival and quality of life,
the diagnosis of PH is notoriously difficult
and often significantly delayed, with patients
frequently enduring symptoms for over a year
and consulting multiple physicians before
receiving an accurate assessment [11, 13].
This diagnostic inertia is exacerbated by the
frequent lack of symptom specificity and the
insidious onset of the disease, which can be
masked by comorbidities common in elderly
populations [14]. Consequently, clinical prac-
tice has increasingly turned toward advanced
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imaging modalities and multidisciplinary
evaluation to bridge this gap, utilizing tools
such as echocardiography, ventilation-per-
fusion scintigraphy, and cardiac magnetic
resonance imaging to non-invasively assess
pulmonary hemodynamics and right ventric-
ular function, which is a critical predictor of
patient prognosis [15-18].

A key molecular player implicated in this
disease is the potassium channel subfamily
K member 3 (KCNK3), a two-pore domain
potassium channel constitutively active at
resting membrane potentials, which is crucial
for maintaining pulmonary vascular and car-
diac homeostasis [19, 20]. Loss-of-function
mutations in the KCNK3 gene were identi-
fied as the first channelopathy in PAH, and
subsequent research has shown that reduced
KCNK3 expression or function is a hallmark
of both heritable and acquired forms of the
disease [21, 22].

Elevated levels of homocysteine have been
increasingly recognized as a significant factor
in the pathophysiology of both metabolic and
cardiovascular diseases, particularly PAH. A
growing body of research has investigated the
potential of homocysteine as a non-invasive
biomarker for assessing risk in patients with
PAH, especially those with congenital heart
disease (CHD), where it has been observed
to be elevated compared to healthy controls
[23-25]. Systemic metabolic dysregulation,
particularly insulin resistance (IR), plays im-
portant role in the pathogenesis and progres-
sion of this condition, with studies by Zhang
et al. [26] and Gao et al. [27] exploring the
significant association between IR indices and
disease severity in both idiopathic and chron-
ic thromboembolic forms of pulmonary hy-
pertension. In this study, creatinine and urea
were measured to assess renal dysfunction as-
sociated with PAH, while homocysteine was
evaluated as a marker of endothelial damage
and vascular remodeling. Insulin and glucose
were included to reflect metabolic disturbanc-
es linked to PAH progression. KCNK3 was
investigated due to its key role in pulmonary
vascular regulation and its known reduction in
PAH, aiming to provide data for the systemic
and molecular alterations associated with the
PAH.
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Materials and Methods

Study Design and Setting

This study was designed as a hospital-based
case—control study and was carried out at the
Respiratory Unit of Al-Sadr Teaching Hospi-
tal, Najaf Al-Ashraf, Iraq. The study period
extended from January to June 2024. Patients
diagnosed with pulmonary hypertension (PH)
were compared with apparently healthy indi-
viduals serving as a control group to evaluate
selected biochemical and molecular biomark-
ers.

Study Population

The sample size was determined based on the
prevalence of insulin resistance (IR) reported
in previous studies of pulmonary arterial hy-
pertension (PAH). Using data from Zamani-
an et al. [28] (2009), in which 45.7% of PAH
females and 21.5% of control females had
IR, we calculated the required sample size to
detect this difference with 80% power and a
two-sided alpha of 0.05. Applying the stan-
dard formula for comparison of two propor-
tions, the estimated sample size was approxi-
mately 59 participants per group. To account
for potential dropouts or missing data, we
aimed to recruit at least 60—65 participants in
case group; control was considered half in a
2:1 allocation.

The case group consisted of patients with con-
firmed pulmonary hypertension, whose diag-
noses were documented in the official medical
records of Al-Sadr Teaching Hospital. Diag-
nosis was based on clinical assessment and
echocardiographic findings consistent with
pulmonary hypertension.

The control group included 30 apparently
healthy volunteers, matched for age and sex,
with no known history of pulmonary hyper-
tension or other chronic systemic diseases.

Inclusion and Exclusion Criteria

Inclusion criteria for patients were adults
aged 18-70 years with a confirmed diag-
nosis of pulmonary hypertension and no
acute infections at the time of sampling.
Exclusion criteria included individuals with
chronic kidney disease, liver disease, diabetes
mellitus, malignancy, autoimmune disorders,
acute inflammatory conditions, or those re-

ceiving renal replacement therapy or immu-
nosuppressive drugs. Healthy controls were
excluded if they had any history of cardiovas-
cular, metabolic, or renal disease.

Ethical Considerations

The study protocol was reviewed and ap-
proved by the Scientific and Ethical Com-
mittee of the College of Science, University
of Kufa. All participants provided written in-
formed consent prior to enrollment, and con-
fidentiality of personal data was strictly main-
tained in accordance with the Declaration of
Helsinki.

Sample Collection and Handling

Height and body weight were measured us-
ing standard calibrated instruments, and body
mass index (BMI) was calculated as weight
(kg) divided by height squared (m?). Age and
BMI were recorded for all participants and
compared between groups to ensure baseline
comparability.

Venous blood samples (5 mL) were collected
from all participants after overnight fasting
(8-10 hours) using sterile disposable syring-
es. Blood samples were allowed to clot and
then centrifuged at 3000 rpm for 10 minutes
to obtain serum. Serum samples were aliquot-
ed and stored at —20 °C until biochemical
analysis.

Biochemical Measurements

All blood samples were collected after over-
night fasting (8—10 hours). Renal function
parameters, including blood urea and serum
creatinine, as well as fasting blood glucose
levels, were measured using standard spec-
trophotometric methods with commercially
available diagnostic kits, following the man-
ufacturers’ instructions.

Serum levels of homocysteine, insulin,
and potassium channel subfamily K mem-
ber 3 (KCNK3) were quantified using en-
zyme-linked immunosorbent assay (ELISA)
kits. Serum troponin (Troponin I) levels were
measured using a ELISA kit, following the
manufacturer’s instructions, to assess myo-
cardial injury associated with pulmonary hy-
pertension.

Insulin resistance was estimated using the
Homeostatic Model Assessment of Insulin
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Resistance (HOMA-IR). Fasting serum insu-
lin (uIU/mL) and fasting blood glucose (mg/
dL) levels were measured for all participants.
HOMA-IR was calculated as fasting insulin
(uIU/mL) x fasting glucose (mg/dL) + 405,
with higher values indicating greater insulin
resistance.

Statistical Analysis

Data were processed and tabulated using
Microsoft Excel 2016 for calculation of con-
centrations, means, and standard deviations
(SD). Statistical analyses were conducted
using SPSS software version 26. Compari-
sons between patient and control groups were
performed using independent sample t-tests.
For subgroup analysis, patients with pulmo-
nary hypertension were stratified according to
sex. Comparisons between male and female
patients were performed using independent
sample t-tests, and results were expressed as
mean = SD. Receiver Operating Characteris-
tic (ROC) curve analysis was applied to eval-
uate the diagnostic performance of the studied
biomarkers. Correlations between biochemi-
cal parameters were assessed using Pearson’s
correlation coefficient. A P-value of < 0.05
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was considered statistically significant.
Results

A total of 92 participants were included, con-
sisting of 62 patients with pulmonary hyper-
tension and 30 healthy controls. There were
no significant differences in age, sex distribu-
tion, or BMI between the groups (P > 0.05),
indicating that the groups were adequately
matched. As shown in Table-1, patients with
PH had significantly higher levels of urea,
creatinine, fasting blood glucose, insulin, uric
acid, and homocysteine compared with con-
trols. Serum levels of KCNK3 were signifi-
cantly lower in patients, whereas troponin lev-
els did not differ significantly between groups.

Diagnostic Performance of Biomarkers

ROC curve analysis (Figure-1) was performed
to evaluate the diagnostic performance of the
selected biomarkers (Table-2). Homocyste-
ine, insulin, and IR demonstrated well to ex-
cellent discriminative ability between PH pa-
tients and controls, whereas KCNK3 showed
limited diagnostic accuracy.

Table 1. Biochemical and Molecular Parameters in Pulmonary Hypertension Patients and Controls

Parameter PH Patients (n = 62) Controls (n = 30) P-value
Age (years) 58.10+ 15.44 51.25+13.19 0.369
Gender (male/female, n) 34/28 17/13 0.99
BMI (kg/m?) 25.61 +£2.54 25.58 +£2.70 0.950
Urea (mg/dL) 47.74 £19.08 33.36 £9.05 0.001
Creatinine (mg/dL) 1.43 +£0.59 0.68 +0.15 0.001
Blood Glucose (mg/dL) 210.18 £100.91 121.07 £30.17 0.001
Insulin (uIU/mL) 174.55 £ 54.72 109.32 +43.7 0.001
Uric Acid (mg/dL) 448 £1.04 4.02+£0.91 0.044
Troponin (ng/mL) 0.15+0.08 0.19 £0.56 0.653
KCNK3 115.05 +8.71 120.59 + 8.60 0.006
Homocysteine 556.99 + 77.95 509.80 + 68.99 0.007
Table 2. Diagnostic Performance of Biomarkers for Pulmonary Hypertension
Biomarker Cutoff  Sensitivity (%) Specificity (%) AUC 95% CI P-value
Homocysteine  531.42 87.1 85.7 0.762  0.636-0.889 <0.001
Insulin 133.75 80.6 75.0 0.808  0.712-0.905 <0.001
IR 46.85 82.3 78.6 0.903  0.831-0.974 <0.001
KCNK3 117.77 62.9 60.7 0.350  0.532-0.768 0.023
4 GMJ.2026;15:¢4132
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Figure 1. ROC curves of the studied biomarkers (Homocysteine, Insulin, IR and KCNK3)

Subgroup analyses in PAH cases

The correlation analysis among the studied
parameters (Table-3) revealed several signif-
icant relationships. Urea showed a strong pos-
itive correlation with creatinine (r = 0.573, P
< 0.01) and blood sugar (r = 0.876, P < 0.01),
indicating that higher urea levels are asso-
ciated with elevated glucose and creatinine
levels, while it correlated negatively with
KCNK3 (r = -0.520, P < 0.01). KCNK3 ex-
hibited significant negative correlations with
BMI (r = -0.442, P < 0.01), urea, creatinine,
fasting blood sugar, and insulin, suggesting an
inverse relationship with metabolic and renal
parameters. Homocysteine was positively cor-
related with fasting blood sugar (r = 0.278, P
<0.05) and insulin (r = 0.301, P < 0.05), indi-
cating a link with glucose-insulin metabolism.
Other notable relationships include a positive
correlation of age with insulin resistance (IR;
r = 0.387, P < 0.01). These correlations are
visually summarized in Figure-2, which pres-
ents a correlogram of all parameters.

Table-3 compares measured parameters be-
tween male and female patients with pulmo-
nary hypertension. Most parameters did not
differ significantly between sexes, including
age, BMI, creatinine, insulin, uric acid, tro-
ponin, KCNK3, and homocysteine. However,
urea levels were significantly higher in male
patients (52.06 £ 17.99 mg/dl) than in female
patients (42.50 + 19.37 mg/dl; p = 0.049), and
blood sugar was also higher in males (241.85

+ 102.54 mg/dl) compared to females (171.71
+ 85.78 mg/dl; P = 0.005).

Discussion

While PH is primarily considered a cardio-
pulmonary disease, our findings reinforce the
growing recognition of its systemic effects,
particularly on renal function, metabolic ho-
meostasis, and vascular biology. Our study
demonstrated significantly elevated serum
urea and creatinine levels in patients with PH
compared to healthy controls. This finding re-
flects the interplay between PH and renal dys-
function, a relationship that has been reported
in multiple studies [29, 30]. Chronic PH can
lead to right heart failure, resulting in reduced
cardiac output and renal hypoperfusion. This
hypoperfusion activates neurohormonal sys-
tems such as the renin-angiotensin-aldoste-
rone system (RAAS), which promotes sodium
and water retention, increases vascular resis-
tance, and exacerbates renal injury [31, 32].
Additionally, elevated right atrial pressures in
PH cause venous congestion, further impair-
ing renal filtration capacity. The combination
of reduced perfusion and renal congestion
contributes to the accumulation of nitroge-
nous waste products, such as urea and creat-
inine, as observed in our cohort.

Elevated urea and creatinine levels have prog-
nostic significance in PH. Prior studies indi-
cate that increased blood urea nitrogen (BUN)
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Table 3. Comparison of measured parameters between male and female patients with pulmonary hyperten-

sion
Parameter Male (n =34) M £ SD Female (n =28) M = SD P-value
Age, years 59.41 £ 14.43 56.50 +16.70 0.464
BMI, kg/m? 2529 +2.44 26.00 £ 2.65 0.273
Urea, mg/dl 52.06 + 17.99 42.50+19.37 0.049*
Creatinine, mg/dl 1.44 £0.54 1.42 £0.66 0.898
Blood Sugar, mg/dl 241.85+102.54 171.71 £85.78 0.005*
Insulin, pIU/ml 165.57 £ 54.91 185.44 £ 53.44 0.157
Uric Acid, mg/dl 443 +1.20 4.54+0.81 0.680
Troponin, ng/ml 0.16 £0.08 0.14+£0.08 0.230
KCNK3 115.72 + 8.75 114.24 +8.76 0.509
Homocysteine, pmol/L 553.96 +79.02 560.67 +77.92 0.739

*P < 0.05 indicates statistical significance.

Corelogram of Parameters

Age -
BMI - -0.01
Urea - 0.17 -0.18
0.8
Creatinine - -0.23 -0.09
- 0.6
Blood Sugar - 0.17 -0.22 0.88 -0.4
-0.2
Insulin - -0.21 -0.12 0.41 0.40
-0.0
IR- 039 0.13 0.10 0.12 0.20 0.14
--0.2
uric Acid - -0.11 0.10 -0.20 -0.16 -0.23 0.07 -0.13
--0.4
Troponin - -0.18 -0.12 -0.04 -0.05 -0.03 -0.14 -0.10 -0.07
KCNK3 - 0.17 0.05 -0.04 -0.01
Homocysteine - -0.11 =0.17 0.20 0.43 0.28 0.30 -0.17 -0.03 -0.04 -0.30

Figure 2. Corelogram showing the correlations between age, BMI, urea, creatinine, blood sugar, insulin, IR, uric acid, troponin, KCNK3,
and homocysteine. Positive correlations are shown in red, negative correlations in blue, and the intensity represents the strength of the
correlation.
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and creatinine correlate with worse survival
outcomes, particularly in patients with pre-
capillary PH [31-34]. Notably, our subgroup
analysis revealed that male PH patients had
higher urea and fasting blood glucose levels
compared to females, suggesting potential
sex-related differences in PH severity and as-
sociated renal-metabolic dysfunction.

In addition to renal impairment, patients with
PH exhibited elevated fasting blood glucose
and insulin levels. These findings align with
accumulating evidence that PH is associat-
ed with systemic metabolic derangements,
including insulin resistance (IR) [26, 27].
Chronic hypoxia, systemic inflammation, and
endothelial dysfunction, hallmarks of PH, dis-
rupt glucose metabolism and insulin signal-
ing. Insulin resistance may further exacerbate
pulmonary vasoconstriction, vascular remod-
eling, and right ventricular dysfunction [26,
27]. Our results confirm that IR, as estimated
by HOMA-IR, has a high discriminatory abil-
ity for PH (AUC = 0.903), underscoring its
potential as a disease modifier and prognostic
biomarker.

Hyperuricemia was also observed in PH pa-
tients, albeit modestly. Elevated uric acid lev-
els reflect oxidative stress and tissue hypoxia,
processes that are central to PH pathophysi-
ology. Increased serum uric acid has been
linked to right heart dysfunction, reduced ex-
ercise tolerance, and adverse prognosis [35,
36]. Although no significant sex differences
were observed in uric acid levels in our study,
its role as a non-invasive marker of PH sever-
ity remains relevant.

Our study identified elevated homocyste-
ine and decreased KCNK3 levels in PH pa-
tients, supporting their involvement in disease
pathogenesis. Homocysteine, a sulfur-con-
taining amino acid, promotes endothelial dys-
function, oxidative stress, inflammation, and
vascular smooth muscle proliferation, all crit-
ical mechanisms in PH development [23, 24].
Elevated homocysteine impairs nitric oxide
bioavailability and contributes to thrombo-
genesis, thereby increasing pulmonary vas-
cular resistance and cardiac strain. ROC anal-
ysis in our study showed that homocysteine
has moderate diagnostic discrimination (AUC
= 0.762) between PH patients and controls,
highlighting its potential utility as a biomark-

er.

KCNK3 encodes the TASK-1 potassium
channel, which is essential for maintaining
resting membrane potential in pulmonary ar-
tery smooth muscle cells (PASMCs). Loss-
of-function mutations or downregulation of
KCNK3 lead to PASMC depolarization, in-
creased intracellular calcium, and enhanced
vascular remodeling [21, 22]. In our cohort,
KCNK3 levels were significantly lower in PH
patients, though ROC analysis demonstrated
limited diagnostic power (AUC = 0.350). De-
spite its lower sensitivity, KCNK3 dysfunc-
tion remains a key contributor to pulmonary
arterial remodeling and right ventricular over-
load.

Conclusion

In summary, pulmonary hypertension is asso-
ciated with multifaceted systemic alterations
beyond the pulmonary vasculature. Renal im-
pairment, as indicated by elevated urea and
creatinine, reflects reduced renal perfusion,
venous congestion, and neurohormonal ac-
tivation. Metabolic dysfunction, particularly
insulin resistance and hyperglycemia, fur-
ther complicates disease progression. At the
molecular level, elevated homocysteine and
KCNK3 downregulation contribute to vascu-
lar injury, remodeling, and right ventricular
overload. These findings highlight the impor-
tance of comprehensive assessment of renal,
metabolic, and molecular biomarkers in PH
patients, and suggest potential therapeutic tar-
gets for mitigating disease progression.
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