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ABSTRACT
Objective:  To  determine  the  pulmonary  functions  in  patients  with  chronic  kidney  diseases  (CKD)  and  factors  affecting
them.
Study Design:  Observational study.
Place and Duration of Study: Nephrology Department, Mayo Hospital, Lahore, from October 2018 to April 2019.
Methodology: All patients of CKD, coming in Nephrology OPD, were included. Patients on maintenance hemodialysis
(HD), chronic obstructive pulmonary disease (COPD), smokers, chronic heart disease, and neuromuscular diseases were
excluded  from  the  study.  Demographic  data,  physical  examination  findings  and  laboratory  parameters  were  taken.
Patients  underwent  spirometry  at  Pulmonology  Department  for  measurement  of  forced  expiratory  volume  in  the  first
second (FEV1), forced vital capacity (FVC) and FEV1/FVC.
Results: One hundred and forty patients were included in the study. Mean GFR was 27.75 ± 17.49 ml/min/1.73m2 and
7(5%) patients belonged to stage 2 CKD, 48 (34.3%) belonged to stage 3 CKD, 45 (32.1%) belonged to stage 4 CKD and
rest 40 (28.6%) were from stage 5 CKD. Pulmonary functions were FEV1 (90.81±25.84), FVC (88.91±28.54), and FEV1/FVC
(108.57±13.0). According to laid down criteria, 62 (44.3%) cases had restrictive lung disease (RLD), 5 (3.6%) cases had
mixed  and  78  (55.7%)  cases  normal  lung  function  status.  Important  factors  affecting  pulmonary  functions  were  GFR
(p=0.038), monthly income (p=0.017) and education (p=0.041). Drop in GFR and anemia have negative correlation and
age has positive correlation with pulmonary dysfunctions.
Conclusion: Pulmonary functions were abnormal in almost half of the patients and restrictive lung disease was the most
common pattern in these patients. Factors affecting the pulmonary functions were progression of CKD, falling hemoglobin
level, monthly income and education. Drop in GFR and anemia had negative correlation and age had positive correlation
with pulmonary functions.
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INTRODUCTION

Chronic  kidney  disease  (CKD),  a  well-known  global  health
issue, is defined as the structural or functional damage for >3
months with glomerular filtration rate (GFR) <60 ml/ min/ 1.732
m2  irrespective  of  the  cause.1  It  is  a  syndrome  involving
multiple organs and not just a localised disease. Respiratory
system may be severely affected by advanced CKD.2
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According to the National Health and Nutrition Examination
Survey (NHANES) 2007-2012,3 the prevalence of lung dysfunc-
tion is increased with deteriorating kidney function from stage
1 to stage 4 CKD, with 10% for restrictive lung disease (RLD)
and 16% for obstructive lung disease (OLD). Lung dysfunctions
are  divided  into  restrictive,  obstructive  and  mixed  lung
disease,  depending  on  the  spirometric  measurements.
According to literature, RLD is more common in patients with
CKD.4 There are many reasons for this type of pattern, like
falling GFR, pulmonary edema, respiratory muscle dysfunc-
tion,5,6.  pulmonary  fibrosis,  pulmonary  calcification,  pulmo-
nary hypertension, hemosidrosis and pleaural fibrosis. Even
the urinary protein excretion with normal kidney function is
associated with development of pulmonary dysfunctions7.Pul-
monary dysfunctions  not only affect quality of life, but even
increases mortality of CKD patient.8,9
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Table I: Demographic and clinical data affecting lung functions.

Lungs functions

p-valueParameters
Normal lungs

77 (55%)
 

Restrictive
lungs disease

63 (45%)
Age (years)
<30
30-60
>60

 
10 (7.1%)

51 (36.4%)
16 (11.4)

 
6 (4.3%)

48 (34.3%)
9 (6.4%)

 
 

0.434

Gender
Male
Female

 
39 (27.9%)
38 (27.1%)

 
25 (17.9%)
38 (27.1%)

 
 

0.195

Monthly income (Rs)
<10,000/Month
10,000-30,000
>30,000

 
 

48 (34.3%)
23 (16.4%)

6 (4.3%)

 
 

53 (37.9%)
8 (5.7%)
2 (1.4%)

 
 
 
 

0.017*
Education
Illiterate
<5thGrade
5-10thGrade
>10thGrade

 
24 (17.1%)
16 (11.4%)
23 (16.4%)
14 (10.0%)

 
29 (20.7%)

7 (5.0%)
23 (16.4%)

4 (2.9%)

 
 
 
 

0.041*
Cause of CKD
 Diabetes
 Non diabetes

 
26 (18.6%)
51 (36.4%)

 
28 (20.0%)
35 (25.0%)

 
 

0.197
Ex-smokers
Yes
No

 
25 (17.9%)
52 (37.1%)

 
18 (12.9%)
45 (32.1%)

 
 

0.619
Hemoglobin (g/dl)
>11
<11gm

 
44 (31.4%)
33 (23.6%)

 
26 (18.6%)
37 (26.4%)

 
 

0.062
GFR (ml/min/1.73m²)
<15
>15

 
17 (12.1%)
60 (42.9%)

 
24 (17.1%)
39 (27.9%)

 
 

0.038*
*Statistically significantly value.

Pulmonary functions are not routinely addressed by nephrolo-
gists despite its high prevalence. This is the first study to the
best of authors’ knowledge conducted in Pakistan to highlight
this important but neglected aspect of CKD patients.

The objective of this study was to determine the types of pulmo-
nary dysfunctions in patients with CKD and factors affecting
them. Finding of this study may be useful for future reference
and implemenatation of interventions.

METHODOLOGY

This study was conducted at Nephrology Department, Mayo
Hospital, Lahore in collaboration with Pulmonology Department
from October 2018 to April 2019 after taking approval from Insti-
tution Review Board of the University. The study was conducted
in adherence to the Declaration of Helsinki.10 All patients who
were  coming  in  Nephrology  OPD  and  fulfilled  the  inclusion
criteria  were  enrolled  in  the  study  after  taking  informed
consent. Patients who were on hemodialysis, having active and
chronic  lung  disease,  chronic  heart  disease,  chronic  liver
disease, and with neuromuscular disorders were excluded from
the study. Demographic data containing age, gender, level of
education,  socio-economic  status  and  history  of  CKD  was
entered in predesigned form. Physical examination of patient’s
data containing   blood pressure, body mass index (BMI) and

volume status was also entered in the proforma. Blood samples
were sent to laboratory to measure the amount of hemoglobin,
serum urea, creatinine and GFR was determined by Modifica-
tion of Diet in Renal Disease (MDRD) formula.11 CKD staging was
done according to established criteria by KDIGO guidelines.12

Patients underwent spirometry at Pulmonology Department for
measurement of FEV1, forced vital capacity (FVC), FEV1/FVC.
On the basis of already laid down criteria, lung functions were
divided  into  normal,  restrictive  and  obstructive  pattern.13

Factors affecting pulmonary functions were also determined.  

Figure  1  (A):  Correlation  of  pulmonary  functions  (restrictive  lung
disease) and age.

Figure  1  (B):  Correlation  of  pulmonary  functions  (restrictive  lung
disease) and GFR (falling kidney functions).

Descriptive  statistics  was  used  in  the  form  of  summary
measures for categorical variables as well as continuous vari-
ables. For categorical variables, i.e. gender, smokers, RLD, OLD
and mixed lung disease, percentages (proportion) were used.
For continuous variables, e.g. age, duration, CKD, GFR value,
mean  and  standard  deviation  were  reported.  Data  was
stratified for age, gender duration of CKD and GFR value and
smoker. Chi-square test was used  for measuring any associa-
tion between variables and taking p-value ≤0.05 as significant.
Statistical analysis was made using SPSS version 22.0 (SPSS
Inc. Chicago, IL, USA). Pearson correlation coefficient was also
employed to determine the relationship between variables.

RESULTS
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One hundred and forty patients were included in the study. The
mean age of patients was 48.06 ± 14.59 years and the majority of
patients were males 76 (54.3%) and rest were females 64 (45.7%).
Majority of the patents were illiterate or less than five grade of
education and belonged to poor socio-economic status (monthly
income less than Rs.10000/month). Diabetes mellitus (DM, n=65,
46.4%) was the leading cause of CKD followed by hypertension
(HTN, n = 44, 31.4%). The mean weight, height and BMI were 61.84
± 2.26 Kg, 1.59 ± 0.02 m and 24.33 ± 1.16 Kg/m2, respectively.
Mean GFR was 27.75 ± 17.49 ml/min/1.73m2 and 7 (5%) patients
belonged to stage 2 CKD, 48 (34.3%) belonged to stage 3 CKD, 45
(32.1%) belonged to stage 4 CKD and rest 40 (28.6%) had stage 5
CKD. Mean duration of CKD was 30.83 ± 50.04 months. There were
43 (30.7%) ex-smokers and 97 (69.3%) non-smokers.

Pulmonary function values for FEV1, FVC, FEV1 /FVC were 90.81 ±
25.84, 88.91 ± 28.54, 108.57 ± 13.0, respectively. According to the
laid down criteria, 62 (44.3%) cases had RLD, 5 (3.6%) cases had
mixed and 78 (55.7%) cases normal lung function status. Important
factors  affecting  pulmonary  functions  were  GFR  (p=0.038),
monthly income (p=0.017) and education (p=0.041). Drop in GFR
and anemia had negative correlation and age had a positive correla-
tion with pulmonary functions.  Factors  not  affecting PFTs were
hemoglobin (0.062), age (p=0.434), gender (p=0.195), cause of
CKD (p=0.197) and smokers vs non-smokers (p=0.619) as shown
in Table I. Statistically significant positive correlation was found
between  age  and  restrictive  lung  disease  (r=0.174,  p=0.040).
Falling kidney functions (-0.216, p=0.011) and drop in hemoglobin
(-0.228, p=0.007) were negatively correlated while age was posi-
tively correlated with RLD, as shown in Figure 1.

DISCUSSION
In this study, most common lung dysfunction was RLD as observed
in other international studies;14 but in contrast with other studies,
mixed and obstructive lung diseases were more prevalent. The
reason  for  this  difference  may  be  that  we  have  excluded  the
patients who stopped smoking about 10 years back and patients
with  history  of  any  acute  and  chronic  obstructive  pulmonary
pathology,  while  other  study did not  excluded these patients.
There are multiple factors for restrictive type of lung functions in
patients with CKD, like cardiovascular disease, protein energy
malnutrition,  inflammation,  volume overload,  accumulation  of
uremic toxins, electrolyte disorders and acid / base imbalance.15 In
this study, negative correlation was observed between fall in GFR
and lung dysfunctions. Similar pattern of the progression of CKD
and lung dysfunctions are observed in another study from Korea.16

According to that study, multivariate linear regression analysis
showed a decline in GFR, which was independently associated
with fall in percent predicted FVC and FVC1/FVC ratio amongst
both men and women; whereas, respiratory muscle weakness and
protein energy malnutrition was closely related with pulmonary
dysfunctions. The authors did not study the status of malnutrition
and hypoalbuminemia in  these patients;  and there is  need to
conduct  further  studies  for  the  correlation  of  these  factors  in
future.

In this study, patients belonging to lower-middle socio-economic
class  were  having  more  RLD  as  compared  to  upper  class  of
patients. Pakistan is a developing country where gross domestic

product (GDP) per capita income is $1357 dollar as compared to
developed country like USA, where GDP per capita is $ 62606.17

Due to lower income status, poor patients cannot afford early
detection of CKD; and if diagnosed, cannot manage properly for
the progression of the disease and ends up with ESRD at very
younger age. Along with these problems, low birth weight babies,
poor mental health, communicable diseases, hazardous working
environment,  lack  of  social  protection,  access  to  nephrology
services and unhygienic housing conditions are also risk factors
for  these diseases.  Financial  status  is  a  very important  factor
affecting socio-economic and health-related quality care. Similar
observation was made previously18 in which patients belonging to
lower economic class were having high mortality than patients
belonging to upper class.

In this study, CKD patients who were having higher education level
and spent more years in school and college were having normal
lung functions than patients with lower level of education. The
main reason is that education gives awareness, better unders-
tanding of the diseases and treatment options, which improve the
compliance to treatment. Moreover, the educated people have an
early  access  to  nephrology  services  because  social  and  print
media  help  them  a  lot  in  getting  an  access  to  nephrologist.
Educated  patients  start  treatment  early  and  they  remain
adherent to the prescription of the treating physicians. Due to the
strict compliance and adherence to treatment, progression of the
CKD is well controlled and lung functions remain normal even at
later stage of the disease.  

In this study, mean hemoglobin was 10.46.21gm/dl and almost
50% of the patients were anemic. Patients who were anemic were
having RLD as  compared to  patients  with  normal  hemoglobin
level. In present study, falling hemoglobin was having negative
correlation with pulmonary functions. Actually, hemoglobin helps
in carrying oxygen to the tissues and patients with less hemo-
globin level has deficiency in carrying capacity of oxygen; and it
presents with RLD. CKD patients have high prevalence of anemia
and its prevalence is directly related with progression of kidney
diseases.19  Even the 45% of  general  population  of  Pakistan is
suffering from iron deficiency anemia,20 realising the failure of the
public health measures to control it. There is need to focus this
important aspect of CKD patients; and anemia must be corrected
through iron, folic acid and vitamin B12 replacement along with
the Erythrpoitin (EPO) injections, if there is need. As anemia not
only affect cardiac manifestations in these patients but even the
quality of the life is hampered leading to very high morbidity and
mortality of these patients.

CONCLUSION
Pulmonary functions were abnormal in almost half of the patients
and restrictive lung disease was the most common pattern in
those patients. Factors affecting the pulmonary functions were
progression of CKD, increasing age and falling hemoglobin level.
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