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Abstract 
Aim: The aim of the present study was to assess the occurrence of pulmonary arterial hypertension in chronic 
kidney disease and to study the risk factors for development of pulmonary arterial hypertension (PH) in these 
patients. 
Methods: This was an observational cross sectional study conducted on 200 patients of CKD (based on KDIGO 
2012 criteria) attending Medicine OPD or admitted to the Nephrology wards in Patna Medical College and 
Hospital, Patna, Bihar, India for one year. 
Results: Pulmonary hypertension was found in 120 patients (60%) of the study population. No significant 
association was seen between age, BMI, presence of diabetes and s.uric acid with presence of  PH. Significant 
association was seen with systolic and diastolic blood pressure with PH. Significant association was also seen 
with severity of CKD & PH. Presence of hemodialysis and dialysis duration were significantly associated with 
PH. Of 120 patients with PH, 45 patients (37.50%) had mild PH, 65 patients (54.16%) had moderate PH and 10 
patients (8.34%) had severe PH. 
Conclusion: We concluded that pulmonary arterial hypertension is significantly associated in patients of CKD 
and increase in severity of PAH occurs with deterioration of renal function in CKD cases. Anemia, duration of 
dialysis, hypertension, hyperparathyroidism, AV fistula, increased calcium phosphate product and left 
ventricular failure are risk factors for development of PAH. 
Keywords: Pulmonary Arterial Hypertension, Chronic Kidney Disease, Risk Factors. 
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Introduction 

The prevalence of chronic kidney disease (CKD) in 
the developed world is 13% [1] and is recognized 
as a condition that increases the risk of 
cardiovascular complications as well as kidney 
failure and other complications. End-stage kidney 
disease (ESKD) substantially increases the risk of 
death due to cardiovascular disease, and requires 
specialized health care. In this context, pulmonary 
hypertension (PH) has been reported in patients 
with ESKD maintained on long-term hemodialysis. 
Based on echocardiographic studies, the prevalence 
of PH in these patient populations is estimated to 
be around 17–56% [2-5], and PH is an independent 
predictor of mortality in such patients. [6,7] PH is a 
hemodynamic and pathophysiological state found 
in a range of clinical conditions and is 
characterized by an increase in mean pulmonary 
arterial pressure (mPAP ≥25 mmHg); precapillary 
PH is defined by the additional criterion of a 
pulmonary capillary wedge pressure (PCWP) ≥15 
mmHg. [8] 

Pulmonary hypertension (PH) is primarily a disease 
of the small arteries of the pulmonary vasculature, 
with progressive obliteration leading to the 
increases in pulmonary vascular resistance (PVR) 
and pulmonary arterial pressure (PAP) that 
characterize the disease. [9] The increased PVR 
often leads to right ventricular failure associated 
with high mortality. [10] The mechanisms 
responsible for PH still remain incompletely 
understood. Many studies have shown that PH 
occurred frequently in patients with chronic kidney 
disease (CKD) and some of them have explored the 
relation between CKD and PH. [11,12] PH in 
patients with CKD may be induced and aggravated 
by left ventricular disorders and risk factors typical 
of CKD, including volume overload, an 
arteriovenous fistula, sleep-disordered breathing, 
exposure to dialysis membranes, endothelial 
dysfunction, vascular calcification and stiffening, 
and severe anemia. [11] Despite increased 
recognition of PH as an important contributor to 
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mortality among CKD patients, little is known 
about the etiology of PH in patients with CKD. [13] 
Epidemiologic and long-term outcome data are 
lacking on the impact of PH, particularly among 
patients with early stage CKD. [14,15] Potential 
mechanisms for the development of PH in patients 
with CKD include endothelial dysfunction, 
increased flow through arterio-venous shunts, 
exposure to dialysis membranes, and elevated left 
ventricular filling pressure. [14] 

The aim of the present study was to assess the 
occurrence of pulmonary arterial hypertension in 
chronic kidney disease and to study the risk factors 
for development of pulmonary arterial hypertension 
in these patients. 

Materials and Methods 

This was an observational cross sectional study 
conducted on 200 patients of CKD (based on 
KDIGO 2012 criteria) attending Medicine OPD or 
admitted to the Nephrology wards in Patna Medical 
College and Hospital, Patna, Bihar, India. Each 
patient was subjected to detailed history and 
clinical examination and relevant investigations 
were done including CBC, KFT, random blood 
sugar, s. electrolytes, s. calcium, s. phosphorus, s. 
iPTH, s. uric acid, urine routine and microscopy, 
USG abdomen, Chest X-Ray, ECG and 
echocardiography. PAH (PH) was diagnosed on the 
basis of echocardiography with mean pulmonary 
arterial pressure (MPAP) of ≥25mmHg at rest was 
taken as diagnostic of pulmonary arterial 
hypertension. Pulmonary hypertension was 
classified as: 

• Mild (25-40 mHg) 
• Moderate (40-60 mmHg) 
• Severe (>60 mmHg) 

Inclusion Criteria 

1. Patients of CKD in stage IV and stage V. 
2. Age ≥18 years. 

Exclusion Criteria 

• Valvular heart disease 
• Congenital heart diseases 
• Chronic obstructive pulmonary disease 
• Chronic parenchymal lung disease 
• HIV-infected patients 
• Chronic liver disease 
• Connective tissue diseases 
• Hypothyroidism and hyperthyroidism. 
• Pregnancy 
• Chronic thromboembolic disorders. 

Statistical Analysis 

Categorical variables were presented in number and 
percentage (%) and continuous variables were 
presented as mean ± SD and median. Normality of 
data was tested by Kolmogorov-Smirnov test. If the 
normality was rejected then non parametric test 
was used. 

Statistical tests were applied as follows: 

Quantitative variables were compared using 
unpaired t-test/Mann- Whitney Test (when the data 
sets were not normally distributed) between CKD. 
Qualitative variables were compared using Chi-
Square test / Fisher’s exact test. A p value of <0.05 
was considered statistically significant. The data 
was entered in MS EXCEL spreadsheet and 
analysis was done using Statistical Package for 
Social Sciences (SPSS) version 21.0. 

Results

Table 1: Characteristics of patients with and without PH 
Parameters WithPH(n=120) WithoutPH(n=80) Pvalue 
Age 32.24 ± 8.52 34.36 ± 8.55 0.255 
BMI 23.57 ± 1.62 24.6 ± 1.60 0.316 
SBP 146.4 ± 12.72 138.32 ± 12.12 <0.0001 
DBP 85.65 ± 7.47 83.57 ± 6.34 0.0005 
CKD stage 4 36 65 <0.0001 
CKD stage 5 84 15 <0.0001 
Presence of hemodialysis 96 46 0.0004 
Hemodialysisduration(weeks) 10.12 ± 4.42 6.44 ± 3.47 0.0001 
PresenceofAVF 40 0 0.006 
Presence of diabetes 25 20 0.325 
Hemoglobin 7.43 ± 0.63 8.42 ± 0.48 <0.0001 
S. UricAcid 7.16 ± 0.75 7.08 ± 1.08 0.626 
S. Calcium 7.45 ± 0.43 8.24 ± 0.32 <0.0001 
S. Phosphate 6.79 ± 0.7 4.37 ± 0.43 <0.0001 
CalciumPhosphateproduct 51.3 ± 3.86 35.58 ± 3.43 <0.0001 
iPTH 396.21 ± 62.69 138.79 ± 36.28 <0.0001 
LVEF% 35.77 ± 6.14 52.69 ± 5.6 <0.0001 
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Pulmonary hypertension was found in 120 patients 
(60%) of the study population. No significant 
association was seen between age, BMI, presence 
of diabetes and s. uric acid & presence of PH. 
Significant association was seen with systolic and 
diastolic blood pressure with PH. Significant 
association was also seen between severity of CKD 
& PH. Presence of hemodialysis and dialysis 
duration were significantly associated with PH. 

Significant association was also seen with presence 
of AVF and presence of PH. Low hemoglobin level 
was also significantly associated with PH. Low 
serum calcium, high serum phosphorus, increased 
calcium phosphate product and increased intact 
parathormone were also significantly associated 
with presence of PH. Patients with PH had lower 
LVEF%.

Table 2: Characteristics of patients with mild, moderate and severe PH 
Parameters MildPH(n=45) ModeratePH(n=65) SeverePH(n=10) Pvalue 
Age 34.54 ± 10 29 ± 6.44 43.47 ± 2.08 0.001 
BMI 23.47 ± 1.52 24.48 ± 1.36 23.57 ± 3.14 0.010 
SBP 142.08 ± 12.28 150.30 ± 8.62 147.3 ± 20.40 0.004 
DBP 84.72 ± 7.03 87.33 ± 7.5 89 ± 9.56 0.223 
CKD stage 4 32 8 0 <0.0001 
CKD stage 5 13 57 10 <0.0001 
Presence of 
Hemodialysis 

25 55 10 0.068 

Hemodialysisduratio
n(weeks) 

6.44 ± 1.74 13.47 ± 5.35 18.2 ± 1.88 <0.0001 

PresenceofAVF 0 14 6 0.001 
Presence of Diabetes 12 2 5 0.0003 
Hemoglobin 7.53 ± 0.32 7.24 ± 0.52 6.84 ± 0.3 <0.0001 
S. UricAcid 7.12 ± 1.02 6.74 ± 0.89 8.22 ± 0.62 0.071 
S. Calcium 7.8 ± 0.52 7.30 ± 0.38 7.35 ± 0.72 0.077 
S. Phosphate 6.84 ± 0.54 7.03 ± 0.2 7.18 ± 0.12 <0.0001 
Calcium Phosphate 
Product 

49.31 ± 3.4 51.59 ± 2.87 54.46 ± 4.20 <0.0001 

iPTH 348.62 ± 54.46 426.74 ± 44.76 459.5 ± 9.31 <0.0001 
LVEF% 38.32 ± 4.26 34.56 ± 6.04 36 ± 7.07 0.001 
 
Of 120 patients with PH, 45 patients (37.50%) had 
mild PH, 65 patients (54.16%) had moderate PH 
and 10 patients (8.34%) had severe PH. High 
systolic blood pressure was found to be 
significantly associated with increased severity of 
PH. Also as the CKD stages progressed, severity of 
PH also increased significantly. Patients with 
increased duration of dialysis and patients with 

AVF had increased severity of PH. Low 
hemoglobin, increased serum phosphate, increased 
calcium phosphate product and increased intact 
parathormone were also found to be significantly 
associated with increased severity of PH. Also 
patients with low LVEF% had higher severity of 
PH.

Table 3: Multivariate logistic regression to find out independent significant risk factor of pulmonary 
hypertension 

Variable Beta Standard P Odds   Oddsratio Oddsratio
 R² 
coefficienterror valueratioLower boundUpperbound 
     (95%) (95%)  
Systolic blood pressure 
(mmHg) 

-0.024 0.053 0.655 0.945 0.840 1.080 94.19
% 

Diastolic blood 
pressure(mmHg) 

0.044 0.100 0.632 1.058 0.890 1.276  

Dialysis duration(weeks) -0.185 0.206 0.380 0.860 0.590 1.260  
Haemoglobin(gm/dL) -1.150 1.585 0.450 0.326 0.018 7.376  
S.Calcium(mg/dL) -14.270 9.752 0.135 0.000 0.000 124.350  
S.Phosphate(mg/dL) -15.368 10.786 0.159 0.000 0.000 266.712  
Calcium Phosphateproduct 2.120 1.432 0.132 8.246 0.525 131.787  
Intact parathormone(pg/mL) 0.009 0.014 0.418 1.009 0.981 1.032  
LVEF% -0.043 0.093 0.644 0.958 0.798 1.149  
CKDstage        
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4    1    
5 1.555 1.936 0.447 4.763 0.083 219.139  

 
On performing multivariate logistic regression after 
adjusting for confounding factors, none of the 
factors was found to be an independent significant 
risk factor for pulmonary hypertension. 

Discussion 

Cardiovascular disease is the most common cause 
of morbidity and mortality in patients with chronic 
kidney disease (CKD). [16] The focus is usually on 
left ventricular failure causing increased morbidity 
and mortality in the patients of CKD whereas 
pulmonary arterial hypertension (PAH) is an 
overlooked cardiovascular complication of CKD, 
especially in end-stage renal disease (ESRD). 
Elevated pulmonary arterial pressure (PAP) can be 
observed secondary to heart, lung, or systemic 
disorders. PAH is defined as “a mean pulmonary 
artery pressure more than or equal to 25 mmHg at 
rest or 30 mmHg at exercise.” [17] Navaneethan et 
al.reported an increased mortality in a cohort of PH 
patientswith CKD, [18] but did not investigate a 
population of CKDpatients for the presence of PH. 
The hemodynamic profilesof PH (pre-capillary PH 
versus post-capillary PH) in theCKD population 
have not been fully explored. Therefore,studies 
employing invasive hemodynamics are needed 
togain insight into the etiology of PH among CKD 
patients.Moreover, prior studies have lacked 
information aboutimportant co-morbidities and 
echo variables that may influencethe relationship 
between PH and CKD. 

Pulmonary hypertension was found in 120 patients 
(60%) of the study population. No significant 
association was seen between age, BMI, presence 
of diabetes and s. uric acid with presence of PH. 
Significant association was seen with systolic and 
diastolic blood pressure with PH. Significant 
association was also seen with stages of CKD with 
PH. Presence of hemodialysis and dialysis duration 
were significantly associated with PH. Significant 
association was seen with presence of AVF and 
presence of PH. Low hemoglobin level was also 
significantly associated with PH. Low serum 
calcium, high serum phosphate, increased calcium 
phosphate product and increased intact 
parathormone were also significantly associated 
with presence of PH. Patients with PH had lower 
LVEF%. Similar results were observed by Zhang et 
al [19] where patients with higher BMI had severe 
PH. However in a study by K. Ramasubbu et al 
[20] patients with more severe PH had lower BMI. 
Although, obesity is risk factor for the development 
of cardiovascular disease, diabetes mellitus, 
hypertension, renal disease and metabolic 
abnormalities, the results of association of BMI 
with severity of PH are conflicting. 

Of 120 patients with PH, 45 patients (37.50%) had 
mild PH, 65 patients (54.16%) had moderate PH 
and 10 patients (8.34%) had severe PH. High 
systolic blood pressure was found to be 
significantly associated with increased severity of 
PH. Also as the CKD stage progressed, severity of 
PH also increased significantly. Patients with 
increased duration of dialysis and patients with 
AVF had increased severity of PH. Low 
hemoglobin, increased serum phosphate, increased 
calcium phosphate product and increased intact 
parathormone were also found to be significantly 
associated with  severity of PH. Also patients with 
low LVEF had more  severe  PH. In studies by 
Zhang et al [19] and K. Ramasubbu et al [20] no 
significant association was seen with either systolic 
blood pressure or diastolic blood pressure & 
severity of PH. Hence, although hypertension is 
associated with the presence of PH in CKD patients 
in most of the previous studies, no definitive 
association was seen with the severity of PH. On 
performing multivariate logistic regression after 
adjusting for confounding factors, none of the 
factors was found to be an independent significant 
risk factor for pulmonary hypertension. Our study 
also showed a significant association of increased 
phosphate, increased calcium phosphate product 
and increased iPTH with the severity of PH. In 
contrast, Zhang et al [19] in their study showed no 
such association between calcium, phosphate and 
calcium phosphate product values with severity of 
PH, however they noticed that iPTH values in 
severe PH was much higher compared to mild and 
moderate PH. 

In dialysis patients, the prevalence of  PH was 
much higher. In this study, patients with congenital 
heart failure and acute heart failure  had been 
excluded. However subclinical heart failure was 
common in ESRD patients. The causes might 
include hypertension, Na and water overload, 
pleiotropic effects of uraemic toxins and 
myocardial ischaemia. These factors were more 
prevalent in patients with PH. Arteriovenous 
fistulae (AVF) are considered the gold standard for 
HD access. [21] They result in increased venous 
return with a concomitant increase in cardiac 
output and also lead to decreased systemic vascular 
resistances. [22] In a study of patientsreceiving PD, 
LV mass index alongside low serum albumin and 
fluid overload, were  predictors of PH in a 
multivariate model. [23] 

Conclusion 

We concluded that pulmonary arterial hypertension 
is significantly associated in patients of CKD and 
increase in severity of PH occurs with deterioration 
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of renal function in CKD cases. Anemia, duration 
of dialysis, hypertension, hyperparathyroidism, AV 
fistula, increased calcium phosphate product and 
left ventricular failure are risk factors for 
development of PAH. Treatment of these risk 
factors can decrease the progress as well as severity 
of PAH, thereby decreasing the morbidity and 
mortality in CKD patients. 

References 

1. Coresh J, Selvin E, Stevens LA, Manzi J, 
Kusek JW, Eggers P, Van Lente F, Levey AS. 
Prevalence of chronic kidney disease in the 
United States. Jama. 2007 Nov 7;298(17):20 
38-47. 

2. Yigla M, Nakhoul F, Sabag A, Tov N, 
Gorevich B, Abassi Z, Reisner SA. Pulmonary 
hypertension in patients with end-stage renal 
disease. Chest. 2003 May 1;123(5):1577-82. 

3. Havlucu Y, Kursat S, Ekmekci C, Celik P, 
Serter S, Bayturan O, Dinc G. Pulmonary 
hypertension in patients with chronic renal 
failure. Respiration. 2007;74(5):503-10. 

4. Bozbas SS, Akcay S, Altin C, Bozbas H, 
Karacaglar E, Kanyilmaz S, Sayin B, 
Muderrisoglu H, Haberal M. Pulmonary 
hypertension in patients with end-stage renal 
disease undergoing renal transplantation. 
InTransplantation proceedings 2009 Sep 1 
(Vol. 41, No. 7, pp. 2753-2756). Elsevier. 

5. Ramasubbu K, Deswal A, Herdejurgen C, 
Aguilar D, Frost AE. A prospective 
echocardiographic evaluation of pulmonary 
hypertension in chronic hemodialysis patients 
in the United States: prevalence and clinical 
significance. International journal of general 
medicine. 2010 Oct 5:279-86. 

6. Abdelwhab S, Elshinnawy S. Pulmonary 
hypertension in chronic renal failure patients. 
American journal of nephrology. 2008; 28(6): 
990-7. 

7. Yigla M, Fruchter O, Aharonson D, Yanay N, 
Reisner SA, Lewin M, Nakhoul F. Pulmonary 
hypertension is an independent predictor of 
mortality in hemodialysis patients. Kidney 
international. 2009 May 1;75(9):969-75. 

8. Galie, N., Hoeper, M.M., Humbert, M., 
Torbicki, A., Vachiery, J.L., Barbera, J.A., 
Beghetti, M., Corris, P., Gaine, S., Gibbs, J.S. 
and Gomez-Sanchez, M.A., 2009. Task force 
for diagnosis and treatment of pulmonary 
hypertension of European Society of 
Cardiology (ESC); European Respiratory 
Society (ERS); International Society of Heart 
and Lung Transplantation (ISHLT). Guidelines 
for the diagnosis and treatment of pulmonary 
hypertension. EurRespir J, 34(6), pp.1219-
1263. 

9. Vonk-Noordegraaf A, Souza R. Cardiac 
magnetic resonance imaging: what can it add 

to our knowledge of the right ventricle in 
pulmonary arterial hypertension? Am J 
Cardiol. 2012;110(6 Suppl):25S–31S. 

10. Sharma M, Pinnamaneni S, Aronow WS, 
Jozwik B, Frishman WH. Existing drugs and 
agents under investigation for pulmonary 
arterial hypertension. Cardiol Rev. 2014;22 
(6):297–305. 

11. Bolignano D, Rastelli S, Agarwal R, Fliser D, 
Massy Z, Ortiz A, Wiecek A, Martinez-
Castelao A, Covic A, Goldsmith D, 
Suleymanlar G. Pulmonary hypertension in 
CKD. American journal of kidney diseases. 
2013 Apr 1;61(4):612-22. 

12. Haddad F, Fuh E, Peterson T, Skhiri M, 
Kudelko KT, De Jesus PV, Winkelmayer WC, 
Doyle RL, Chertow GM, Zamanian RT. 
Incidence, correlates, and consequences of 
acute kidney injury in patients with pulmonary 
arterial hypertension hospitalized with acute 
right-side heart failure. J Card Fail. 2011 ;17 
(7):533–9. 

13. Kawar B, Ellam T, Jackson C, Kiely DG. 
Pulmonary hypertension in renal disease: 
epidemiology, potential mechanisms and 
implications. American journal of nephrology. 
2013;37(3):281-90. 

14. Bolignano D, Rastelli S, Agarwal R, Fliser D, 
Massy Z, Ortiz A, Wiecek A, Martinez-
Castelao A, Covic A, Goldsmith D, 
Suleymanlar G. Pulmonary hypertension in 
CKD. American journal of kidney diseases. 
2013 Apr 1;61(4):612-22. 

15. Yang QM, Bao XR. Pulmonary hypertension 
in patients with stage 1-3 chronic kidney 
disease. Genet Mol Res. 2014 Jul 25;13(3) :56 
95-703. 

16. Clementi A, Virzì GM, Goh CY, Cruz DN, 
Granata A, Vescovo G, Ronco C. Cardiorenal 
syndrome type 4: a review. Cardiorenal 
medicine. 2013;3(1):63-70. 

17. Hoeper MM, Bogaard HJ, Condliffe R, Frantz 
R, Khanna D, Kurzyna M, et al. Definitions 
and Diagnosis of Pulmonary Hypertension. J 
Am CollCardiol 2013; 62:42-50. 

18. Navaneethan SD, Wehbe E, Heresi GA, Gaur 
V, Minai OA, Arrigain S, Nally JV, Schold JD, 
Rahman M, Dweik RA. Presence and 
outcomes of kidney disease in patients with 
pulmonary hypertension. Clinical Journal of 
the American Society of Nephrology. 2014 
May 7;9(5):855-63. 

19. Zhang Q, Wang L, Zeng H, Lv Y, Huang Y. 
Epidemiology and risk factors in CKD patients 
with pulmonary hypertension: a retrospective 
study. BMC nephrology. 2018 Dec;19:1-8. 

20. Ramasubbu K, Deswal A, Herdejurgen C, 
Aguilar D, Frost AE. A prospective 
echocardiographic evaluation of pulmonary 
hypertension in chronic hemodialysis patients 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Prasad et al.                             International Journal of Current Pharmaceutical Review and Research  

521   

in the United States: prevalence and clinical 
significance. International journal of general 
medicine. 2010 Oct 5:279-86. 

21. Kopple JD. National kidney foundation 
K/DOQI clinical practice guidelines for 
nutrition in chronic renal failure. American 
journal of kidney diseases. 2001 Jan 1;37(1): 
S66-70. 

22. Kawar B, Ellam T, Jackson C, Kiely DG. 
Pulmonary hypertension in renal disease: 

epidemiology, potential mechanisms and 
implications. American journal of nephrology. 
2013;37(3):281-90. 

23. Ünal A, Sipahioglu M, Oguz F, Kaya M, 
Kucuk H, Tokgoz B, Buyukoglan H, Oymak 
O, Utas C. Pulmonary hypertension in 
peritoneal dialysis patients: prevalence and risk 
factors. Peritoneal dialysis international. 2009 
Mar;29(2):191-8.

 

 


