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ABSTRACT

INTRODUCTION: Pulmonary hypertension (PH) is a diverse condition characterized by
pathological remodeling of the pulmonary blood vessels, leading to increased pressure in the
pulmonary arteries and heightened vascular resistance.

AIM: To find an association between iron deficiency and pulmonary hypertension in patients
with chronic lung disease and correlating it with severity of pulmonary hypertension.
METHODOLOGY: This hospital-based observational study was a cross-sectional analysis
conducted at the Department of Medicine, S.M.S. Hospital, and its attached Group of
Hospitals. The study spanned from January 2023 to December 2024.

RESULT: This study found a high prevalence of iron deficiency among chronic lung disease
patients with pulmonary hypertension, with significantly lower serum iron, ferritin, and
higher TIBC in the iron-deficient group, along with elevated RVSP, but no significant
differences in age, BMI, haemoglobin, or pulmonary function tests between the iron-deficient
and non-iron deficient groups.

CONCLUSION: In conclusion, our study demonstrates a significant association between
iron deficiency and the severity of pulmonary hypertension in chronic lung disease patients,
highlighting the importance of addressing iron deficiency through screening and interventions
to improve patient outcomes and management strategies.
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INTRODUCTION
Pulmonary hypertension (PH) involves pathological remodeling of pulmonary vessels,
increasing pressure and resistance, while pulmonary arterial hypertension (PAH), a rare
subtype, results from genetic factors causing arteriopathy and high untreated mortality due to
heart failure!. There are 5 broad PH clinical categories that focus on the underlying cause of
abnormal pulmonary artery pressure:

e Pulmonary arterial hypertension (PAH);
Left heart disease;
Lung diseases and/or hypoxia;
Pulmonary artery obstructions (particularly thromboembolic syndromes);
Undifferentiated or multifactorial causes, including sickle cell disease and
sarcoidosis?.
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WHO Group 3 pulmonary hypertension (PH) encompasses lung diseases and hypoxic
conditions, with COPD, diffuse pulmonary lung diseases (DPLD), and combined pulmonary
fibrosis and emphysema (CPFE) being the most common causes, often leading to varying PH
severity. Other contributors include cystic fibrosis, chronic hypersensitivity pneumonitis,
lung cancers, developmental lung disorders, high-altitude hypoxia, and obesity
hypoventilation syndrome, which is associated with more severe PH and worse prognosis
compared to obstructive sleep apnea>®. Chronic obstructive pulmonary disease (COPD) can
cause pulmonary hypertension (PH), with most moderate-to-severe cases showing mild PH
and occasional severe PH, exacerbated by recurrent episodes that elevate pulmonary arterial
pressure. COPD-induced factors like hypoxia, hyperinflation, and systemic inflammation lead
to vascular remodeling and increased pulmonary resistance, straining the right ventricle and
predisposing to right heart failure’.Chronic obstructive lung disease (COPD) and diffuse
parenchymal lung diseases (DPLD), including idiopathic pulmonary fibrosis (IPF) and
sarcoidosis, are frequently associated with pulmonary hypertension (PH), worsening
prognosis and exercise capacity. Severe PH (mPAP >35 mm Hg or mPAP >20 mm Hg with
low cardiac index) occurs in a minority of cases, linked to vascular remodeling and reduced
circulatory reserve, further impairing functional status and outcomes!'® Detection of
pulmonary hypertension (PH) in chronic lung diseases (CLD) involves non-invasive tools
like biomarkers, pulmonary function tests, echocardiography, and imaging, with
echocardiography being the preferred initial modality despite some limitations. Right heart
catheterization remains the gold standard for PH diagnosis, reserved for cases needing precise
prognostic assessment, lung transplantation evaluation, or when severe PH or
disproportionate clinical progression is suspected'!.Chronic lung disease-associated
pulmonary hypertension (CLD-PH) presents diagnostic and therapeutic challenges, with
disease severity and PH prognosis varying by mPAP levels and the degree of ventilatory
impairment. Iron deficiency (ID), prevalent in one-third of PH patients, exacerbates
symptoms, increases mPAP, and impairs exercise capacity due to its role in oxygen transport
and cellular metabolism. Addressing ID through supplementation has shown promise in
reducing hypoxic pulmonary vasoconstriction and improving outcomes, highlighting the need
for further research on its impact on PH, particularly in COPD'>-14,

AIM
To find an association between iron deficiency and pulmonary hypertension in patients with
chronic lung disease and correlating it with severity of pulmonary hypertension.

METHODOLOGY

This hospital-based observational study was a cross-sectional analysis conducted at the
Department of Medicine, S.M.S. Hospital, and its attached Group of Hospitals. The study
spanned from January 2023 to December 2024 or until the required sample size was
achieved. Data were collected from patients with chronic lung diseases attending the
outpatient and inpatient departments at S.M.S. Medical College, Jaipur, who were diagnosed
with pulmonary hypertension. Pulmonary vascular pressure was estimated using
echocardiography by measuring right ventricular systolic pressure (RVSP). Inclusion criteria
comprised patients with pulmonary hypertension secondary to lung diseases such as chronic
obstructive pulmonary disease, interstitial lung disease, and obstructive sleep apnea, with
hemoglobin levels above 8 g/dL, who consented to participate. Exclusion criteria included
patients with pulmonary hypertension due to cardiovascular diseases, hemoglobin levels
below 8 g/dL, and those participating in other studies.
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RESULT
Table.1 Age group distribution among study subjects
Age group (years) No. of patients
40-49 12
50-59 45
60-69 38
>70 5

The study's age distribution shows the largest group (45 participants) in the 50-59 age range,
followed by 38 in the 60-69 group, 12 in the 40-49 group, and 5 over 70 years old.

Table 2. Baseline characteristics of subjects Age, Weight, and BMI

Minimum Maximum Mean Std. Deviation
Age (Years) 40.00 72.00 57.4200 7.20154
Weight, kg 41.00 90.00 58.3900 8.89773
BMI (kg/m2) 20.05 40.00 24.9707 4.27255

Participants' ages ranged from 40 to 72 years (mean 57.42, SD 7.20), weights from 41 to 90
kg (mean 58.39, SD 8.90), and BMIs from 20.05 to 40.00 kg/m? (mean 24.97, SD 4.27).

Table.3 Baseline characteristics of Hematological and Biochemical Parameters (Hb,
ESR, Serum Iron, Ferritin, TS%, TIBC, and RVSP)

Minimum Maximum Mean Std. Deviation
Hb (mg/dl) 8.20 14.00 13.4260 10.33917
ESR (mm/hr) 10.00 90.00 29.4040 15.46419
S. Iron 16.00 273.00 72.3400 30.92520
S. Ferritin 8.00 522.00 58.50 101.61
TS% 533 96.13 22.8093 11.68816
TIBC mcg/dl 180.00 531.00 = 333.5500 67.88647
RVSP 40.00 88.00 62.5300 12.45554

Hemoglobin levels ranged from 8.20—-14.00 mg/dL (mean: 13.40 = 10.33 mg/dL), ESR 10-90
mm/hr (mean: 29.40 + 15.46 mm/hr), serum iron 16-273 mcg/dL (mean: 72.34 + 30.93
mcg/dL), serum ferritin 8522 ng/mL (median: 58 ng/mL, SD: 101.93), TS% 5.33-96.13%
(mean: 22.81 £ 11.69%), TIBC 180-531 mcg/dL (mean: 333.55 + 67.89 mcg/dL), and RVSP
40-88 mm Hg (mean: 62.53 + 12.46 mm Hg).
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Table.4 Baseline characteristics of Arterial Blood Gas (ABG) and Pulmonary Function
Parameters (Pa02, PaCO2, FEV1, FVC, Sa02, and SpO2)

Minimum Maximum Mean Std. Deviation

PaO2 (mm Hg) | 70.00 80.00 75.0200 2.68546
PaCO2 (mm

Hg) 5.00 75.00 37.3500 6.18629
FEVI1 5.00 64.00 50.6800 8.16234
FVC 36.00 95.00 49.3200 8.16234
Sa02 (%) 92.00 99.00 95.1300 2.05311
SpO2 92.00 99.00 95.3000 1.87218

Blood gas analysis showed PaO2 ranging from 70—80 mm Hg (mean: 75.02 + 2.69 mm Hg),
PaCO2 5-75 mm Hg (mean: 37.35 + 6.19 mm Hg), FEV1 5-64% (mean: 50.68 + 8.16%)),
FVC 36-95% (mean: 49.32 + 8.16%), Sa02 92-99% (mean: 95.13 £ 2.05%), and SpO2 92—
99% (mean: 95.30 + 1.87%).

Table.5 Prevalence of iron deficiency according to gender

Variables Iron-deficient No. of Non-iron deficient
Patients % No. of Patients %
Male 23(57.5) 37(61.66)
Female 17(42.5) 23(38.33)
Total 40 60
P value <0 .05

In the study, 40% of patients were iron-deficient (57.5% male, 42.5% female), 60% non-iron
deficient (61.66% male, 38.33% female), with a statistically significant gender distribution
difference between groups (p < 0.05).

Table 6.Comparison of serum ferritin levels, serum iron levels and total iron binding
capacity between study subjects in non-iron deficient (NID) and iron deficient (ID)

groups.
Variables Iron-deficient Non-iron deficient P-value
Mean £+ SD Mean £+ SD
S. Iron 49.52 +15.7 87.38 +£29.38 .00
S. Ferritin 52.72+ 87.28 113.40+ 80.3 .00
TS% 13.4 +4.13 28.81 +11.12 .00
TIBC mcg/dl 368.82+ 62.19 311.60+ 60.82 .00
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The study found significant differences between the iron-deficient and non-iron deficient
groups, with lower serum iron (49.52 + 15.7 vs. 87.38 £ 29.38), ferritin (52.72 + 87.28 vs.
113.40 + 80.3), TS% (13.4 + 4.13 vs. 28.81 + 11.12), and higher TIBC (368.82 + 62.19 vs.
311.60 + 60.82), all with p-values of 0.00.

Table.7 Comparison between Age,BMI,Hb and ESR among study subjects in non-iron
deficient (NID) and iron deficient (ID) groups

Characteristics Iron-deficient Non-iron deficient P-value
Mean £ SD Mean + SD

Age (Years) 5727+ 7.5 56.51 £7.02 .66

BMI (kg/m2) 2498+ 5.10 2496+ 5.1 .64

Hb (mg/dl) 13.35+11.07 13.7 £1.14 13

ESR (mm/hr) 29.85+12.33 29.10 £17.36 .06

The study found no significant differences between the non-iron deficient and iron deficient
groups in terms of age, BMI, hemoglobin levels, or ESR, with p-values ranging from 0.06 to
0.66.

Table.8 Comparison between Arterial Blood Gas (ABG) and Pulmonary Function
Parameters (Pa0O2, PaCO2, FEV1, FVC, Sa02, and SpO2) among study subjects in
non-iron deficient (NID) and iron deficient (ID) groups

Characteristics Iron-deficient Non-iron deficient P-value
Mean + SD Mean + SD

PaO2 (mm Hg) 75.06+ 2.60 74.69+ 3.25 .08
PaCO2 (mm Hg) 38.85+3.3 36.35+7.37 91
RVSP 64.57+ 10.1 61.41+13.0 .01
FEV1 49.77+ 4.88 51.28 £9.75 .59
FVC 50.22 +4.8 48.71 £9.75 .59
Sa02 (%) 95.12+ 1.89 95.41 £1.86 .85
Sp02 95.42 +£1.85 94.46 +£1.85 .08

The study found no significant differences between the iron-deficient and non-iron deficient
groups in arterial blood gases, pulmonary function tests, oxygen saturation, and cardiac
parameters, except for RVSP, where the iron-deficient group had higher values (p = 0.01).
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Table.9 Correlation between Serum iron and RVSP

Pearson corelation (r) p- value

-.366 <0.05

A statistically significant negative correlation was found between Serum Iron levels and
RVSP, with a Pearson coefficient of -0.366 (p < 0.05), indicating that lower Serum Iron
levels are associated with higher RVSP.

DISCUSSION

In our observational study primary aim was to examine the association between iron
deficiency and the severity of pulmonary hypertension in patients with chronic lung disease.
Specifically, the objectives include: (1) evaluating serum ferritin levels, serum iron levels,
and total iron-binding capacity (TIBC) in patients diagnosed with PH, as identified by
performing echocardiography and measuring RVSP and RAP, and (2) correlating the severity
of pulmonary hypertension with the extent of iron deficiency in these patients. This study
aims to provide insight into how iron deficiency might influence the progression and severity
of PH in individuals with chronic lung conditions.

We had included 100 patients in or study with the mean age was 57.42+7.20 years with
maximum no. of patients were form age group between 60-69 years. Rathi V et al.!> 2020
shows that the mean age was 61.56 £8.42 years.

In our study of 100 patients, we identified a high prevalence of iron deficiency, with 40
individuals (40%) classified as iron deficient. In contrast, Plesner LL et al. '4(2017) also
noted that among 75 patients, 41% had iron deficiency.

In this study, the ID group exhibited significantly lower mean serum iron levels (49.52 +

15.7 pg/dL) compared to the non-iron deficient (NID) group (87.38 £+ 29.38 ng/dL, p = 0.00),
which is consistent with findings from previous studies that have demonstrated a strong
association between low iron levels and increased severity of PH. For example, a study by
Tatah J et al.'%(2022) shows that in the Iron Replete group, the mean free iron level was 86
mg/dL with a standard deviation of 44 mg/dL, indicating moderate variability in iron levels
within this group. In contrast, the Iron Deficient group, consisting of 71 patients, had a
significantly lower mean free iron level of 48 mg/dL, with a standard deviation of 27 mg/dL.
Their results also highlight that individuals who are iron deficient generally have lower
circulating free iron compared to those who are iron replete as similar to our findings.

The lower serum ferritin levels (52.72 = 87.28 ng/mL in the ID group vs. 113.40 £ 80.3
ng/mL in the NID group, p = 0.00) observed in this study further reinforce the connection
between iron status and PAH. Ferritin is a key marker of iron storage, and its deficiency can
impair red blood cell production, leading to hypoxia and worsening of pulmonary
hypertension.

The significantly higher TIBC in the ID group reflects the body’s compensatory response to
iron deficiency, consistent with findings by Rhodes et al. (2018), which highlight elevated
TIBC as a common marker in PAH patients, potentially worsening pulmonary vascular
disease.
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Pulmonary function test (PFT) parameters, including FEV1 and FVC, were not significantly
different between the ID and NID groups in this study. These results suggest that iron
deficiency does not independently impair lung function in CLD patients with PH, a finding
that is consistent with previous studies such as Rhodes et al.!” (2018), which reported no
significant differences in lung function between iron-deficient and non-iron deficient PAH
patients. However, iron deficiency may still impact pulmonary vascular resistance and right
ventricular performance, as reflected by the elevated RVSP in this study.

Although no significant differences in ABG parameters were observed, the study noted a
slight trend toward poorer oxygenation in the ID group (SpO2 94.46 + 1.85%) compared to
the NID group (95.42 + 1.85%, p = 0.08), potentially worsening over time as pulmonary
pressures increase. This trend has been observed in other studies, such as Ruiter et al.!8
(2017), who reported that iron-deficient PAH patients often experience impaired oxygen
delivery due to anaemia and reduced iron availability, leading to worsening hypoxia.

A key finding of this study was the significantly higher RVSP in the ID group (64.57 + 10.1
mm Hg) compared to the NID group (61.41 £ 13.0 mm Hg, p = 0.01), indicating that iron
deficiency may worsen the right ventricular response to increased pulmonary vascular
resistance. Van Eeden et al.!” (2021) demonstrated that iron-deficient PAH patients had
significantly higher pulmonary artery pressures and poorer right ventricular function
compared to iron-replete patients, supporting the findings of this study. The mechanisms
linking iron deficiency to worsened PAH are likely multifactorial and include enhanced
hypoxic pulmonary vasoconstriction, reduced nitric oxide availability, and increased
oxidative stress, all of which contribute to increased pulmonary pressures.

The study found no significant differences in age, BMI, haemoglobin levels, or ESR between
the iron-deficient and non-iron deficient groups, possibly due to similar demographic factors
or confounding influences like inflammation and underlying health conditions.

The analysis revealed no significant differences between the iron-deficient and non-iron
deficient groups in PaO2, PaCO2, FEV1, FVC, SaO2, or SpO2, though RVSP was
significantly higher in the iron-deficient group.

CONCLUSION

In conclusion, our study highlights a significant association between iron deficiency and the
severity of pulmonary hypertension (PH) in chronic lung disease patients, with low serum
iron, ferritin, and high TIBC correlating with elevated RVSP, indicating that iron deficiency
may worsen PH severity. Given iron’s role in oxygen transport, addressing deficiency
through screening and interventions such as supplementation could improve disease
management and clinical outcomes, while future research should explore the therapeutic
potential of correcting iron deficiency in advanced PH cases.
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