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Background: Chronic kidney disease (CKD) is a global health burden associated with systemic 
complications, including pulmonary hypertension (PH), which increases morbidity and mortality. Limited 

data exist on PH prevalence in CKD patients in Central India. To determine the proportion of PH in CKD patients at  Objective: 
ESIC Model Hospital and Occupational Disease Centre, Indore, Madhya Pradesh, and assess associated socio-demographic 
and clinical factors.  A cross-sectional study was conducted from September 2022 to August 2023, enrolling 123 CKD  Methods:
patients. PH was dened as pulmonary artery systolic pressure (PASP) ≥ 35 mmHg via transthoracic Doppler 
echocardiography. Socio-demographic, clinical, and laboratory data were collected. Statistical analysis included descriptive 
statistics, Pearson Chi-square tests, and unpaired t-tests.  PH was present in 18.7% of patients, with prevalence Results:
increasing with CKD stage (9.1% in stage III, 28.6% in stage V; P=0.016). Patients with PH had higher mean serum creatinine 
(7.59 ± 3.63 vs. 5.09 ± 3.39 mg/dL, P=0.002), higher serum urea (73.84 ± 19.46 vs. 62.91 ± 19.38 mg/dL, P=0.016), lower serum 
calcium (7.45 ± 1.59 vs. 8.54 ± 1.69 mg/dL, P=0.006), and lower hemoglobin (8.87 ± 1.93 vs. 9.99 ± 1.88 g/dL, P=0.011) 
compared to those without PH. No signicant association was found between CKD duration and PH (P=0.186).  PH Conclusion:
affects nearly one-fth of CKD patients, with higher prevalence in advanced stages. Routine PH screening and comprehensive 
management of renal and cardiovascular complications are crucial for improving outcomes.
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INTRODUCTION
Chronic kidney disease (CKD) represents a signicant global 
health challenge, imposing substantial economic costs on 
healthcare systems and serving as an independent risk factor 
for cardiovascular disease [1]. All stages of CKD are 
associated with increased risks of cardiovascular morbidity, 
premature mortality, and diminished quality of life [1]. Among 
CKD complications, pulmonary hypertension (PH), dened as 
mean pulmonary artery pressure (mPAP) ≥ 25 mmHg [8], is 
particularly concerning due to its direct association with 
mortality, especially in end-stage renal disease (ESRD) [2–7]. 
PH in ESRD is linked to poor outcomes, and its presence in 
early CKD stages may not be reversed even by interventions 
such as kidney transplantation, which also carries high 
mortality risk in affected patients [16].

PH encompasses a spectrum of clinical and pathophysio-
logical entities with diverse etiologies, including cardiac, 
pulmonary, and systemic disorders [9]. Its prevalence in CKD 
varies across studies, ranging from 25.6% [10] to 50% [11]. PH 
involves vasoconstriction and obliteration of small pulmonary 
vessels by plexiform lesions, leading to increased resistance to 
pulmonary blood ow [12]. Proposed mechanisms include 
dysregulated endothelial growth and aberrant angiogenic 
responses to legal triggers [13]. In ESRD, hormonal and 
metabolic derangements, high cardiac output from anemia or 
uid overload, and subclinical left ventricular dysfunction 
(primarily diastolic) contribute to elevated pulmonary artery 
pressure (PAP) [14]. Endothelial dysfunction, marked by 
defective nitric oxide activity, persists despite hemodialysis [15]. 
Elevated brain natriuretic peptide (BNP) and N-terminal pro-
BNP are associated with PH and worse outcomes in CKD [7].

Given the limited data on PH prevalence in CKD patients in 
Central India, this study aimed to address this gap. Aim: To 

determine the proportion of pulmonary hypertension in 
patients with chronic kidney disease at ESIC Model Hospital 
and Occupational Disease Centre, Indore, Madhya Pradesh.
Objectives: (1) To measure PH parameters, including 
pulmonary artery systolic pressure (PASP), in CKD patients 
using echocardiography; (2) To evaluate medical details 
(medical history, physical examination, laboratory results) of 
CKD patients at ESIC Model Hospital and Occupational 
Disease Centre; (3) To assess the socio-demographic prole 
(age, sex, socioeconomic status) of CKD patients at ESIC 
Model Hospital and Occupational Disease Centre.

Materials and Methods
Place of Study
The study was conducted in the Department of General 
Medicine at ESIC Model Hospital and Occupational Disease 
Centre, Indore, Madhya Pradesh, India.
Study Design
This was a cross-sectional observational study.
Study Duration
The study was conducted from September 2022 to August 
2023.
Study Population
The study population included all patients diagnosed with 
CKD presenting to ESIC Model Hospital and Occupational 
Disease Centre during the study period, meeting inclusion 
criteria and none of the exclusion criteria.
Sample Size
A total of 123 CKD patients were enrolled using a convenient 
sampling technique, including all eligible patients visiting the 
institution during the study period.

Inclusion Criteria
Ÿ Age ≥ 18 years.
Ÿ Conrmed CKD diagnosis (eGFR < 60 mL/min/1.73 m²) on 
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hemodialysis or conservative treatment.
Ÿ Voluntary written informed consent from the patient or 

their legally acceptable representative.
Exclusion Criteria
Ÿ Age < 18 years.
Ÿ Diagnosed with chronic obstructive pulmonary disease, 

interstitial lung disease, or chronic respiratory failure.
Ÿ HIV infection.
Ÿ Known smoking history.
Ÿ Collagen vascular disease.
Ÿ Left ventricular ejection fraction (LVEF) < 50%.
Ÿ Signicant mitral or aortic valve disease.
Ÿ Unwillingness to provide voluntary written informed 

consent.

Methodology
Eligible patients were informed about the study in their native 
language, including study type, risks, benets, and 
compliance requirements. After verbal consent, voluntary 
written informed consent was obtained before initiating study 
procedures.

Patients underwent comprehensive clinical and physical 
examinations, including:
Ÿ Demographic and Clinical Data: Age, sex, smoking 

history, comorbidities (e.g., diabetes mellitus, hyper-
tension), age at CKD diagnosis, etiology of renal failure, 
dialysis duration, and arteriovenous stula (AVF) access 
location (brachial or radial).

Ÿ Laboratory Investigations: Serum urea, creatinine, 
hemoglobin, calcium, and albumin levels.

Diagnostic Procedures:
Ÿ Electrocardiogram (ECG) and chest radiograph were 

performed.
Ÿ Transthoracic Doppler Echocardiography: Conducted 

using a Philips EPIQ 7 ultrasound machine to assess PH. 
PASP was calculated using the tricuspid regurgitation (TR) 
jet velocity and the modied Bernoulli equation: PASP = 4 
× (TR jet velocity)² + 10 mmHg (estimated right atrial 
pressure). PH was dened as PASP ≥ 35 mmHg at rest. 
Echocardiography assessed left ventricular hypertrophy, 
chamber size, systolic and diastolic function, LVEF, 
regional wall motion abnormalities, and pericardial 
effusion. Stroke volume and cardiac output were 
calculated per American Society of Echocardiography 
guidelines.

Data Collection
Data were recorded using a customized proforma (Annexure-
III), capturing socio-demographic, clinical, laboratory, and 
echocardiographic data.

Outcome Measures
Ÿ Proportion of CKD patients with PH (PASP ≥ 35 mmHg).
Ÿ PASP values.
Ÿ AVF access location.
Ÿ Dialysis duration.

Statistical Analysis
Data were entered into Microsoft Excel and analyzed using 
IBM SPSS Statistics version 22. Descriptive statistics were 
reported as numbers and percentages. Associations between 
categorical variables were assessed using the Pearson Chi-
square test, and mean comparisons were performed using the 
unpaired t-test. A P-value < 0.05 was considered statistically 
signicant.

Financial Inputs and FundingThe study was conducted under 
the Employees' State Insurance Corporation (ESIC) scheme, 
providing free medical services to employees and 
dependents. No additional tests or procedures were 
performed, ensuring no nancial burden on patients or the 

institution. Study-related expenses were borne by the 
investigator.

Ethical Considerations
The study protocol was approved by the Institutional Ethics 
Committee of ESIC Model Hospital. Voluntary written 
informed consent was obtained from each patient or their 
legally acceptable representative, in addition to consents for 
CKD management. Patient condentiality was maintained, 
and only study-relevant data were used.

RESULTS
A total of 123 CKD patients were enrolled. Below are the key 
ndings, with ve critical tables embedded to highlight socio-
demographic characteristics, CKD stage distribution, PH 
prevalence, and its association with CKD stage.

Socio-Demographic Characteristics
Table 1: Distribution of CKD Patients According to Age 
(N=123) 

The mean age was 49.62 ± 11.51 years (range: 18–72 years), 
with most patients in the 41–50 (31.7%) and 51–60 (26.0%) age 
groups.

Table 2: Distribution of CKD Patients According to Sex 
(N=123)

Males comprised 66.7% (n=82), and females 33.3% (n=41), 
with a male-to-female ratio of 2:1.

Clinical Characteristics
Hypertension was present in 65.2% (n=80) and diabetes 
mellitus in 30.1% (n=37) of patients. The mean CKD duration 
was 42.46 ± 33.49 months (range: 3–180 months), with most 
patients having a duration of 24–36 months (26.8%, n=33). 
(Figure 1)

Table 3: Distribution of CKD Patients According to CKD 
Stage (N=123)
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Age Group Frequency (No.) Percentage (%)

18–20 years    2 1.6

21–30 years  3 2.4

31–40 years 22 17.9

41–50 years 39 31.7

51–60 years 32 26.0

61–70 years 22 17.9

>70 years 3 2.4

Total 123 100

Sex Frequency (No.) Percentage (%)

Female 41 33.3

Male 82 66.7

Total 123 100.0

CKD Stage Frequency (No.) Percentage (%)

Stage I 0 0.0

Stage II 0 0.0

Stage III 27 22.0

Stage IV 33 26.8

Stage V 63 51.2

Total 123 100.0
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The majority had stage V CKD (51.2%), followed by stage IV 
(26.8%) and stage III (22.0%).

Dialysis was ongoing in 46.3% (n=57) of patients, and AVF 
was present in 39.8% (n=49). All patients had above-normal 
serum creatinine (mean: 5.57 ± 3.56 mg/dL). Serum urea was 
above normal in 91.1% (mean: 64.96 ± 19.78 mg/dL). Serum 
calcium was below normal in 46.3%, normal in 46.3%, and 
above normal in 7.3% (mean: 8.34 ± 1.72 mg/dL). Serum 
hemoglobin was below normal in 95.9% (mean: 9.78 ± 1.93 
g/dL). Serum albumin was below normal in 33.3%, normal in 
65.9%, and above normal in 0.8% (mean: 3.61 ± 0.58 g/L).

Pulmonary Hypertension (Figure 2)

Pulmonary hypertension was present in 18.7% (n=23) of 
patients.

Table 4: Association Between Chronic Kidney Disease and 
Pulmonary Hypertension (N=123) 

Pearson Chi-square: χ²=8.307, df=2, P=0.016, Signicant

PH prevalence increased with CKD stage: 9.1% in stage III, 
9.1% in stage IV, and 28.6% in stage V (P=0.016). No 
signicant association was found between CKD duration and 
PH (P=0.186. Patients with PH had signicantly higher mean 
serum creatinine (7.59 ± 3.63 vs. 5.09 ± 3.39 mg/dL, P=0.002, 
higher serum urea (73.84 ± 19.46 vs. 62.91 ± 19.38 mg/dL, 
P=0.016, lower serum calcium (7.45 ± 1.59 vs. 8.54 ± 1.69 
mg/dL, P=0.006, and lower hemoglobin (8.87 ± 1.93 vs. 9.99 ± 
1.88 g/dL, P=0.011, compared to those without PH. Mean 
serum albumin was comparable (3.49 ± 0.56 vs. 3.63 ± 0.58 
g/L, P=0.284.

DISCUSSION
Chronic kidney disease (CKD) is a global health challenge 
with signicant systemic complications, including pulmonary 
hypertension (PH), which amplies morbidity and mortality 
risks [1–7]. Thisstudy, conducted at ESIC Model Hospital and 
Occupational Disease Centre, Indore, investigated the 
prevalence of PH in 123 CKD patients and its associations with 
socio-demographic and clinical factors.

The mean age of 49.62 ± 11.51 years aligns with Bapat et al. 
(49.27 ± 16.7 years) [18] but is lower than Telles et al. (53.52 
years) [22] and Piccin et al. (58.9 years) [29]. The male 
preponderance (66.7%, male-to-female ratio 2:1) is consistent 
with studies by Kanyari et al. [33], Telles et al. [22], and Piccin 
et al. [29]. Hypertension (65.2%) and diabetes mellitus (30.1%) 
were common comorbidities, comparable to ndings by 
Kanyari et al. (74.2% hypertension, 41.2% diabetes) [33], 

Kumar et al. (87% hypertension, 37% diabetes) [35], and 
Meremo et al. (96.7% hypertension, 38.7% diabetes) [37].

The majority of patients had stage V CKD (51.2%), unlike 
studies by O'Leary et al. (3% stage V) [26], Reque et al. (31.7% 
stage V) [24], and Navaneethan et al. (4% stage IV) [21], where 
earlier stages predominated. This discrepancy may reect 
selection bias due to the tertiary care setting of ESIC Model 
Hospital. Dialysis was ongoing in 46.3% of patients, similar to 
Havlucu et al. (52.1%) [3], Pabst et al. (50%) [19], and Emara et 
al. (65.6%) [20].

PH prevalence was 18.7%, lower than reported by Sonkar et al. 
(25.6%) [10], Reque et al. (26.6%) [24], and Amal et al. (50%) 
[11]. The lower prevalence may reect differences in patient 
populations or diagnostic criteria. PH prevalence increased 
with CKD stage (9.1% in stage III to 28.6% in stage V, P=0.016), 
consistent with Reque et al. [24] and Mehta et al. [31]. No 
signicant association was found between CKD duration and 
PH (P=0.186), suggesting stage-specic factors drive PH 
development.

Patients with PH had higher serum creatinine and urea, and 
lower calcium and hemoglobin levels, aligning with ndings 
by Amal et al. [11], Mehta et al. [31], and Patel et al. [17]. These 
associations highlight the role of metabolic derangements 
and anemia in PH pathogenesis. Serum albumin levels were 
comparable between groups, possibly due to nutritional or 
inammatory factors not assessed in this study.

Limitations
The single-center design may introduce selection bias, 
limiting generalizability. The sample size, while adequate, 
may not capture the full spectrum of CKD patients. 
Hematological parameter differences were not signicant in 
some comparisons, possibly due to limited statistical power.

CONCLUSION
CKD poses a signicant global health burden, with PH 
affecting 18.7% of the 123 patients studied at ESIC Model 
Hospital, Indore. PH prevalence increased with CKD stage, 
reaching 28.6% in stage V (P=0.016). Patients with PH had 
higher serum creatinine and urea, and lower calcium and 
hemoglobin levels, underscoring the interplay between renal 
dysfunction and cardiovascular complications. Routine PH 
screening and integrated management of renal and 
cardiovascular issues are critical for improving outcomes. 
Further research is warranted to elucidate PH mechanisms 
and optimize therapeutic strategies in CKD patients.
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