
ORIGINAL ARTICLE

Journal  of  the College of  Physicians and Surgeons Pakistan 2021,  Vol.  31(02):  144-149144

Pulmonary Functions in Patients with End Stage Renal
Disease and their Effect after Hemodialysis

Muhammad Anees1, Saleem uz Zaman Adhami2, Muhammad Aamer3 and Imran Shahid1

1Department of Nephrology, Shalamar Teaching Hospital, Lahore, Pakistan
2Department of Medicine/Pulmonology, Shalamar Medical and Dental College, Lahore, Pakistan

3Department of Nephrology, Shalamar Medical and Dental College, Lahore, Pakistan

ABSTRACT
Objective: To determine the pulmonary functions in patients with End Stage Renal Disease (ESRD) and the associated factors
including the acute effects of hemodialysis.
Study Design: Observational, cross-sectional study.  
Place and Duration of Study: Nephrology Department in collaboration with Pulmonology Department, Shalamar Hospital,
Lahore,  from October to November 2019.
Methodology: All patients of age 18-75 years, on regular hemodialysis (HD) for more than three months, who quitted smoking
10 years back and stable, were included in the study. Demographic data was collected and blood samples were sent for hema-
tological and biochemical laboratory parameters. Pulmonary functions were assessed by spirometry for Forced Vital Capacity
(FVC) and Forced Expiratory Volume in first second (FEV1) and FVC/FEV1 before and after dialysis.
Results: Out of 102 patients, 62 (60.8%) were males and 79 (77.5%) were on twice-weekly dialysis. DM 44 (43.1%) and
chronic glomerulonephritis 21 (19.5%) were the major causes of ESRD in these patients. In this study, FVC and FEV1 were
abnormal in majority of the patients 73 (71.6%) and 76 (74.5%), which was statistically significant (p<0.05) supporting restric-
tive lung disease (RLD). Factors associated with RLD were male gender (p=0.006) and diabetes mellitus (p=0.003). Hemodial-
ysis did not improve pulmonary functions significantly. FEV1 and FVC had a negative correlation with age and body mass index
(BMI).
Conclusion: Restrictive lung disease is the most common pulmonary dysfunction among ESRD patients.  Factors associated
with pulmonary dysfunctions were male gender and diabetes mellitus. Hemodialysis did not improve pulmonary functions.
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INTRODUCTION

End Stage Renal Disease (ESRD) is the stage of chronic kidney
disease (CKD) when patients need renal replacement therapy
in the form of hemodialysis (HD), peritoneal dialysis or renal
transplant.  Lungs  are  very  important  organs,  which  are
affected with this disease.1 Factors affecting pulmonary func-
tions are falling hemoglobin level, gas permeability abnormali-
ties,2 volume overload, early airway closure,3 ventilation perfu-
sion mismatch, decreased oxygen carrying due to hypoventila-
tion,4 electrolyte imbalance, malnutrition, metabolic acidosis,5

fluid accumulation,6 and respiratory muscle weakness.7

Correspondence  to:  Dr.  Muhammad  Anees  ,  Department
of  Nephrology,  Shalamar  Teaching  Hospital,  Lahore,
Pakistan
E-mail:  dranees109@hotmail.com
.....................................................
Received: November 29, 2020;  Revised: January 18, 2021;
Accepted:  February  11,  2021
DOI:  https://doi.org/10.29271/jcpsp.2021.02.144

It has been observed that HD improves pulmonary functions as
it  removes  uremic  toxins  and  fluid  overload.8,9  According  to
previous studies,10 the role of dialysis is limited in improving
lung functions. In Pakistan, there is no data available on this
subject  and  internationally  few  studies  have  been  reported
showing  conflicting  results  of  pulmonary  dysfunctions  in
patients with HD. So, this study was designed to highlight this
important aspect of HD patients.

The objective of this study was to determine the pulmonary func-
tions in patients with ESRD, and the associated factors including
the acute effects of HD.

METHODOLOGY

This observational, cross-sectional study was conducted at HD
Centre  of  Nephrology  Department  of  Shalamar  Hospital,La-
hore,  in  collaboration  with  Pulmonology  Department  after
taking permission from Institutional Review Board of Shalamar
Medical and Dental College, Lahore.  All patients of age 18-75
years,  on  regular  HD  for  more  than  three  months,  quitted
smoking 10 years back, and clinically stable, were included in
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the  study.  Patients  were  excluded  having  history  of  acute
kidney  injury  (AKI),  chronic  obstructive  pulmonary  disease,
decompensate heart disease, active smoker and with muscu-
loskeletal  disorders.  All  the  patients  coming  for  HD  were
examined for volume status (peripheral edema, raised jugular
venous pressure and chest examination)  and body mass index
(BMI) measurement by using Mostellar Formula. Demographic
data  was  collected  on  predesigned proforma including  age,
gender, education, socio-economic status, duration of ESRD
and frequency of HD. Blood samples were sent for hematolog-
ical  (Hemoglobin)  and  biochemical  (Serum urea,  creatinine,
sodium, potassium, calcium, phosphorus, intact PTH, ferritin
and  transferrin  saturation  (TSAT  %)  parameters.  Kidney
Disease  Initiative  Global  Outcome  (KDIGO)  guidelines  were
followed  for  abnormal  and  normal  laboratory  parameters.11

Patients underwent non-invasive spirometry before dialysis for
measurement  of  FEV1,  FVC  and  FEV1/FVC.  On  the  basis  of
already  laid  down  criteria,  lung  functions  were  divided  into
normal,  RLD  and  obstructive  lung  disease  (OLD)  pattern.12

Patients  were  hooked  up  with  dialysis  machine  (Fresenius
Medical Care 4008-B) for four hours. Dialysis prescription was
documented including ultra-filtration rate (ml/min), blood flow
rate (QB=ml/min), dialysate flow rate (QD=ml/min), heparin
usage,  polysulfone  membrane  capillary  dialyser  (Fresenius
FX10); and standard bicarbonate dialysis solution was used in
all patients. After the completion of four-hour dialysis session,
pulmonary  functions  were  reassessed  by  spirometry  and
recoded.

Statistical analysis was done using SPSS (SPSS version 22.0,
SPSS Inc. Chicago, IL, USA) software. Descriptive statistics was
done using summary measures for categorical variables as well
as continuous variables. For categorical variables, i.e. gender,
smokers, RLD, OLD and mixed lung disease, percentages (pro-
portion) were used. For continuous variables, e.g. age, duration
of ESRD, mean and standard deviation were reported. Data was
stratified for age, gender, and duration of ESRD. Chi-square
test/Fishers Exact test was used to determine any association
between categorical variables as per requirement of the data.
Pearson correlation coefficient was also employed to determine
the relationship among continuous variables. Paired t-test was
used to compare PFT’s (Predicted, pre-dialysis and post-dialy-
sis). Logestic regression was used as multivariate analysis to
determine the effect of BMI and cause of ESRD on RLD in HD
patients. A p-value ≤0.05 was considered as statistically signifi-
cant.

RESULTS

One hundred and sixty patients on regular HD were enrolled,
among  them  102  patients  were  included  in  the  study  who
fulfilled the inclusion criteria. The patient’s average age was
50.91  ±  13.55  years.  Most  of  the  patients  were  males  62
(60.8%), with less than 10th grade education 31 (30.4%), and on
twice-weekly dialysis 79 (77.5%). Diabetes mellitus 44 (43.1%)
and chronic glomerulonephritis 21 (19.5%) were major causes
of  ESRD.  Mean  hemoglobin  was  10.34  ±  1.85  gm/dl  and

majority of the patients 64 (62.7%) were anemic (Hb <11g-
m/dl) and having adequate iron (TSAT >20%) 71 (69.6%) for
hemoglobin  synthesis.  The  normal  predicted  spirometric
parameters (based on BMI,age and gender) were  calculated
by Spirometer. Pre and post dialysis spirometric parameters
were also noted as shown in Table I and II. In this study, FVC and
FEV1  were  found  abnormal  in  majority  of  the  patients  73
(71.6%)  and  76  (74.5%)  which  was  statistically  significant
(p<0.05) showing RLD is most common in ESRD patients. High
FVC and FEV1 with normal ratio (>70%) of FEV1/FVC in most of
the patients 83 (81.4%) showed that OLD is not common in
these patients. Factors associated with RLD were male gender
(p=0.006) and DM as cause of ESRD (p=0.003) as shown in
Table III. HD did not improve pulmonary functions as shown in
Table II. FEV1 and FVC have negative correlation with age and
BMI  (r=-0.233,  p=0.018,  r=  -0.201,  p=0.042,  r=-0.223,
p=0.024, r=-0.233, p=0.019), respectively as shown in Figure
1. According to logestic regression analysis, factors affecting
PFTs were DM as cause of ERSD [Exp(β)=0.585, p=0.002] and
 BMI [Exp(β)=2.038, p=0.085].  

DISCUSSION

Kidney failure reduces pulmonary mechanical and ventilatory
functions. RLDs are characterised by reduced lung volume due
to changes in lung parenchyma, stiff chest walls and neuromus-
cular disorders. RLD is the most common pulmonary dysfunc-
tion in patients on HD, peritoneal dialysis, and among renal
transplant patients affecting morbidity and mortality.13 In this
study,  most  common  pulmonary  dysfunction  was  RLD  in
majority of the patients. Similar pattern of RLD in patients with
ESRD is reported in other studies from the  neighboring coun-
tries like India (82%),8 which is much higher than developed
country like China, where it was only 64%.14 Same pattern of
RLD was observed in a local study by Anees et al. in patients
who were not on dialysis.15 According to this study, RLD was
statistically  significant  in  patients  with  GFR  less  than
15ml/min/1.73m2 than patients with higher GFR. So, progres-
sion of CKD was associated with derangements of pulmonary
functions. There are many reasons for RLD in patients with
ESRD like increased extra-vascular lung volume, left ventric-
ular hypertrophy, metastatic lung calcification, iron deposi-
tion, pleural effusion and pulmonary hypertension16  Uremia
not only affects overall functions of all organs of the body but
severely affects respiratory muscle like diaphragm and inter--
costal muscles. According to Tarasuik et al, severe uremia may
be the cause of decrease in muscle strength, causing ventila-
tory defect leading to decline of all parameters of the lungs.7 
Along with all these factors, late referral to nephrologists and
inadequate dialysis are additional probable factors, which may
affect  pulmonary  functions.17,18  Due  to  underdeveloped
specialty of nephrology, patients of ESRD are being managed
by alternative methods of treatment in the form of herbal, spiri-
tual and homeopathic ways; and present to nephrologists just
at  the  verge  of  dialysis  having  advanced  complications  of
uremia.
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Table I: Predicted and actual pulmonary functions of the ESRD patients.
Pulmonary functions Predicted value based on age, gender and BMI Actual value of the ESRD patients p-value
FEV1 (litter) 2.51±0.66 1.75±0.44 <0.001*
FVC (litter) 3.02±0.83 1.72±0.45 <0.001*
FEV1/FVC (litter) 83.01±3.06 81.46±11.71 0.185
*Statistically significant value                                                                                                            

Table II: Comparison of pre- and post-HD pulmonary functions tests (n=102).
Pulmonary function Pre-HD Post-HD p-value
FEV1 (litter) 1.59±0.68 1.53±0.73 0.138
FVC (litter) 2.00±0.89 2.00±0.96 0.966
FEV1/FVC (litter) 81.46±11.71 78.95±14.33 0.067

Table III: Factors associated with pulmonary functions in patients with HD (n=102).

Parameters
Normal lungs

function
(frequency %)

Restrictive lungs
disease

frequency (%)
p-value

Gender
Male
 Female

 
21 (20.6%)

4 (3.9%)

 
41 (40.2%)
36 (35.3%)

0.006*

Age (year)
<45
>45

 
11 (10.8%)
14 (13.7%)

 
28 (27.5%)
49 (48%)

0.495

Cause of ESRD
DM
HTN
Chronic glomerulonephritis
Unknown causes
Nephrolithiasis

 
6 (5.9%)
8 (7.8%)
8 (7.8%)
2 (2.0%)
7 (6.9%)

 
38 (37.3%)
10 (9.8%)

13 (12.7%)
7 (6.9%)
3 (2.9%)

0.003 *

Frequency of dialysis
Twice week
Thrice week

 
19 (18.6%)

6 (5.9%)

 
60 (58.8%)
17 (16.7%)

 
0.842

BMI (kg/m2)
Normal 18.5-24.9
Underweight (<18.5)
Overfweight/obese (>25)

 
16 (15.7%)

2 (2.0%)
7 (6.9%)

 
43 (42.2%)

4 (3.9%)
30 (29.4%)

 
0.574

Interdialysis weight gain
<1000 Kg
>1000 Kg

 
1 (1.0%)

24 (23.5%)

 
16 (15.7%)
61 (59.8%)

0.064

*Statistically significant value

Figure 1 (a): Correlation of pulmonary function (FCV) with age and
BMI.

Figure 1 (b): Correlation of pulmonary function (FEVI) with age and
BMI.

The prolonged exposure of these patients to uremic toxins

leads to pulmonary dysfunctions in the form of RLD. As the
treatment of ESRD is very expensive in the form of dialysis
and  medications,  which  cannot  be  afforded  by  most  of  the
patients  and they get  inadequate dialysis  in  the form of
twice weekly dialysis leading to permanent damage of the
lungs and leading to RLD. Along with inadequate dialysis,
low flux dialysers were used in the patients, which removed
uremic  toxins  less  efficiently  than  dialysers  used  with  high
flux dialysis,14 exacerbating RLD in these patients.

Gender plays a major role in both the healthy and diseased
lung since childhood. Gender also impacts airway inflamma-
tion and the prevalence and severity of many major lung
diseases  including  pulmonary  fibrosis,  asthma  and  lungs
cancer. In this study, conducted at Lahore, male HD patients
were more prone to develop pulmonary dysfunctions than
female patients,  which is not in accordance with interna-
tional  literature favouring female preponderance.19  Similar
observation  showing  male  preponderance  affecting  pulmo-
nary dysfunction was made from Faisalabad,   but  it  was
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conducted on general population and not on HD patients.20

According to World Air Quality Report 2018, Pakistan was
the second most polluted country in the world. At the time of
writing of this article, air quality in Lahore on most of the
days is 200-300US AQI. This shows that urbanisation and
heavy  traffic  load  producing  smoke  are  important  risk
factors for pulmonary diseases. Pakistan’s air pollution levels
have transformed into a more dire health emergency than
smoking, tuberculosis and cardiovascular diseases, reducing
life expectancy. Due to poverty, most of the men travel by
motorbikes and exposed themselves to air  pollution than
women, staying at home. Cigarette smoking is also more
prevalent in males than in female (already patients of CKD)
population causing pulmonary dysfunction. 

In this study, HD patients with DM were having more RLD
than non-diabetic patients. DM is a syndrome affecting head--
to-toe, and lungs are one of the important organs in these
patients.21 Even patients having DM without kidney involve-
ment  are  having  high  prevalence  of  RLD  than  non-DM
patients. According to Dennis et al., RLD was present in 27%
of patient with long term type 2 diabetes mellitus, in 20 % of
patients  with  newly  diagnosed  diabetes,  and  9%  of  the
patients with pre-diabetes.22 Diabetes mellitus is associated
with  increased  levels  of  systemic  inflammatory
mediators  and  markers,  which  together  with  microangio-
pathy,  are  accused  in  alterations  of  lung  matrix
proteins; and hence, the impairment of pulmonary functions.
It  is  likely  that  persistent  inadequate  blood  glucose
control  over  time  may  alter  the  regulation  of  inflammatory
pathways that are involved in pulmonary function impair-
ment; this impairment is mainly restrictive leading to reduc-
tion in diffusing capacity to carbon monoxide.

Patients on dialysis are mostly oliguric or anuric and they
gain weight in the inter-dialysis period. Excessive inter dial-
ysis weight gain is serious problem in patients with ESRD.
The fluid overload increases the permeability  of  the pulmo-
nary capillaries and transfer of  fluid to interstitium, causing
interstitial edema which manifests as restrictive ventilation
dysfunction.  In  this  study,  statistically  significant  factor
causing RLD was volume overload, and pulmonary edema as
observed by another study. FVC, FVC%, FEV1, FEV1%, mean
forced  expiratory  flow  between  25%  and  75%  of  the  FVC
(FEF25–75),  FEF25–75%,  peak  expiratory  flow  rate  (PEFR),
and PEFR% were  found to  be  significantly  lower  in  patients
with  fluid  overload  than  in  those  without.6   As  Pakistan  is
present on equator, and especially in hot weather, patient  
inter dialysis weight gain is very high. Even after repeated
advice  by  dialysis  staff  and  nephrologists,  these  patients
take  lot  of  fluids.  This  chronic  volume  overload  stage  ends
up with  RLD.   Another  reason is  that  due  to  financial  cons-
traints  and  non-availability  of  dialysis  slot,  most  of  the
patients  get  twice  weekly  dialysis  making  it  difficult  to
remove excess fluid and even with ultra-filtration during HD,
these patients remain in the stage of over hydration all the

times leading to chronic pulmonary congestion and RLD.

In  this  study,  pulmonary  functions  of  patients  did  not
improve  after  HD.  Similar  observation  was  made  by  El
Wahsha   and  there  was  no  significant  difference  between
pre HD and post HD pulmonary function.23   Almost same
observation  was  made  by  Rayhamed  et  al.24   Only  FVC
improved after  HD,  while  there  was  no  significant  improve-
ment in FEV1 and FEV1/FVC. But there are studies which
showed  significant  improvement  in  pulmonary  functions  of
HD patients.11 According to Sharma et al.8 patients pre-dial-
ysis  mean  FVC  and  FEV1  improved  significantly  after  HD.
The probable reason of not improving pulmonary functions
may be that lungs are so badly damaged in these patients
that  HD  did  not  improve  them.  Other  reason  of  not
improving the lung functions may be that as most of the
patients were having abnormal BMI (obese and underweight)
 and exhausted after getting four hour dialysis due to which
they cannot perform properly pulmonary functions. 

It  has  been observed that  with  increasing age,  there  are
reductions  in  physiological  capacity,  including  ventilatory
control,  respiratory muscle strength, respiratory mechanics
and gas exchange. In this study, FEV1 and FVC have negative
correlation with age in patients with HD. It has been observed
that with increasing age, there is a progressive increase in
the rigidity of the chest wall and decrease in the elastic recoil
of the lung.  Many studies have shown that increasing age is
independently  associated  with  a  reduction  in  both  the
maximal  inspiratory  pressure,  a  measure  of  inspiratory
muscle  strength  and  the  maximal  expiratory  pressure,  a
measure of expiratory muscle strength. Increased visceral fat
mass is linked to metabolic syndrome associated with asthma
and impaired lung functions in adolescents and adults. In this
study,  FEV1 and FVC have negative  correlation  with  BMI.
Similar  observation  was  made  by  Schachter  LM  et  al.25

Mechanical  properties  of  the  lung  and  chest  wall  are  signifi-
cantly altered in obesity largely due to fat deposition in medi-
astinum and cavities. These changes reduce the compliance
of the lungs, chest wall and entire respiratory system. 

The limitations of the study are that it  is  a single-centre
cross-sectional study. It should be extended to make a multi--
centric study for more valid results. There is need to conduct
a longitudinal prospective study and enroll patients before
first  dialysis  and follow-up  to observe the significant effect
of dialysis on pulmonary functions. 

CONCLUSION

Pulmonary dysfunctions are common among ESRD patients.
Most  common  pattern  of  pulmonary  dysfunction  is  RLD.
Factors  associated with pulmonary dysfunctions are male
gender and  DM   as cause  of ESRD. HD does not improve
pulmonary functions.
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