Is Renal Impairment an Anticipated COPD Comorbidity?
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BACKGROUND: Many studies have investigated COPD-linked comorbidities and their influence
on associated outcomes, but the extent to which COPD is related to chronic renal failure is unde-
termined. The objective of this work was to assess the prevalence of chronic renal failure (overt or
concealed) in a cohort with COPD compared with that of a control group, and to investigate the
relationships of the clinical and functional data with the subjects’ renal conditions. METHODS:
The study was performed with 136 subjects with COPD and 104 control subjects. The subjects with
COPD were divided into 2 groups according to a combined assessment. The COPD and control
groups were compared in terms of clinical factors, renal function, estimated glomerular filtration
rate, and spirometry data. The prevalence of the renal status types was examined in all groups, and
the correlations of serum creatinine and estimated glomerular filtration rate with all of the clinical
and spirometry data were examined. RESULTS: There were significant differences between both
COPD groups and the controls regarding estimated glomerular filtration rate. Significantly worse
renal function was observed in the COPD group, which also exhibited a greater percentage of
subjects with concealed chronic renal failure. Additionally, there were significant differences in
renal status among the 3 groups; the percentage of subjects with concealed chronic renal failure was
significantly greater in group 2 than in both group 1 and the control group. Additionally, the
percentages of subjects with concealed chronic renal failure were greater than those with overt
chronic renal failure in the 3 groups. There were significant correlations of serum creatinine with
COPD assessment test, exacerbations and hospitalizations, percent-of-predicted FVC, percent-of-
predicted FEV,/FVC, percent-of-predicted maximum mid-expiratory flow, and percent-of-pre-
dicted peak expiratory flow. Moreover, there were significant correlations between estimated glo-
merular filtration rate and all of the clinical and spirometry data. CONCLUSIONS: Chronic renal
failure should not be ignored or underestimated in patients with COPD because it frequently cannot
be recognized based on serum creatinine because decreases in estimated glomerular filtration rate are
more prevalent. Key words: COPD; chronic renal failure; glomerular filtration rate; modification of diet in
renal disease (MDRD) equation. [Respir Care 2016;61(9):1201-1206. © 2016 Daedalus Enterprises]

Introduction

COPD is expected to be significantly associated with
comorbidity, and some studies have reported renal impair-
ments in COPD subjects in selected populations. The di-
agnosis of kidney disease was self-reported by a surpris-
ingly low percentage (0.2%) of subjects with COPD who
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were studied by van Manen et al.! Other studies have
demonstrated that chronic renal failure has a prevalence of
6% and predicted long-term mortality independent of well-
recognized risk factors. However, in these studies, chronic
renal failure was diagnosed based on serum creatinine;
therefore, its prevalence was probably underestimated.?
However, some studies have recognized that smoking af-
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fects vascular and hormonal systems and is involved in the
development of thrombogenesis, atherosclerosis, and vas-
cular occlusions?; thus, prolonged smoking negatively af-
fects the prognoses of renal diseases.*

Chronic renal failure has recently been determined to be
a public health problem. The risk factors for chronic renal
failure include an age of >60 vy, arterial hypertension,
diabetes mellitus, cardiovascular disorders, and a positive
family history of the disease.

The glomerular filtration rate is traditionally considered
the best overall index of renal function in health and dis-
ease in terms of evaluating people with increased risk.
However, because the glomerular filtration rate is difficult
to measure in clinical practice, it is typically estimated
using an equation that is based on the serum creatinine
level.°

Different researchers have studied COPD-linked comor-
bidities>-7-10 and their influences on related outcomes, such
as health-related quality of life and health burden,'° but
the extent to which COPD-linked comorbidities are linked
to chronic renal failure is unknown. Many smoking-related
factors have been discovered to be risk factors for kidney
diseases.® Additionally, coronary artery disease, which is
highly prevalent in patients with COPD, is associated with
vascular kidney disease.!! Moreover, some studies have
suggested that the high prevalence of chronic renal failure
in subjects with COPD has important clinical implications.
First, chronic renal failure is associated with increased
serum levels of inflammatory biomarkers and prothrom-
botic molecules. Therefore, chronic renal failure might
partly mediate the association between COPD and cardio-
vascular diseases. Second, the link between COPD and
anemia might be explained by the accompanying chronic
renal failure. Thus, COPD is expected to be significantly
associated with chronic renal failure.!! Unfortunately, most
research that has examined COPD comorbidities has been
conducted in populations that exclude those with kidney
diseases.!> However, within the context of the progres-
sively increasing interest in the systemic manifestations of
COPD and related comorbidities, chronic renal failure must
not be overlooked or underestimated. The present study
aimed to assess the prevalence of both overt and concealed
chronic renal failure in a cohort with COPD compared
with a control group without the burden of COPD and to
investigate the clinical and functional data of these groups
in relation to kidney function.

Methods

The study was performed with 136 male subjects who
were recruited from the out-patient departments of pulmo-
nary medicine of Ain Shams University and the October 6
University Hospitals. The patients were diagnosed with
COPD based on clinical manifestations and spirometry
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Current knowledge

The association between COPD and chronic renal fail-
ure has not been assessed sufficiently, and the strength
of this association is thus unknown. Some studies have
shown that COPD is expected to be significantly asso-
ciated with chronic renal failure. However, most studies
that reported the comorbidities of COPD examined spe-
cific populations and did not state how chronic renal
failure was diagnosed.

What this paper contributes to our knowledge

This study demonstrated that renal impairment was more
prevalent among subjects with COPD than among non-
COPD control subjects without comorbidities. This
study also demonstrated the importance of estimating
the glomerular filtration rate of subjects with COPD as
a tool for the early detection of the comorbidity of
concealed chronic renal failure because COPD was pos-
itively associated with the estimated glomerular filtra-
tion rate and the COPD severity, Therefore, chronic
renal failure should not be ignored or underestimated
simply because it frequently cannot be recognized based
on serum creatinine because the decrease in the esti-
mated glomerular filtration rate is more prevalent.

according to the criteria of the 2015 Global Initiative for
Obstructive Lung Disease.!'3 One hundred four healthy con-
trol subjects were recruited from the checkup program
department of the October 6 University Hospital as a con-
trol group. Combined assessments of the COPD subjects
according to the 2015 Global Initiative for Obstructive
Lung Disease criteria were performed,' and the COPD
subjects were subdivided into 2 groups. Group 1 included
72 subjects in GOLD stages A and B, and group 2 in-
cluded 64 subjects in stages C and D. The study was
approved by the review board of the pulmonary medicine
department of Ain Shams University, and written informed
consent was obtained from all subjects.

Exclusion Criteria

The exclusion criteria for the COPD group were as fol-
lows: chronic comorbid disease, the receipt of corticoste-
roid therapy, and the presence of symptoms suggestive of
exacerbation within the last month. The exclusion criteria
for the control group were any chronic respiratory or non-
respiratory disease. The following data were collected from
all participating subjects: full medical histories; clinical
examinations; and anthropometric measures, including
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weight, height, calculated body mass index, chest radiog-
raphy, electrocardiogram, pre- and post-bronchodilator spi-
rometry, serum urea and creatinine, serum albumin, serum
uric acid, calculated uric acid/creatinine ratio, and esti-
mated glomerular filtration rate.

Spirometry

The spirometry tests were performed at Ain Shams Uni-
versity using an ENC Flowmate machine (Spirometrics,
Spring Valley, New York) and at October 6 University
using a Spirobank G-USB, class II,, machine (MIR SRL,
Rome, Italy). The tests were performed before and 20 min
after [3,-agonist inhalation (salbutamol 400 wg) adminis-
tered with a metered-dose inhaler. The pre- and post-bron-
chodilator spirometry parameters were measured accord-
ing to the American Thoracic Society/European Respiratory
Society standards in all subjects.'#

Estimated Glomerular Filtration Rate

The estimated glomerular filtration rates were calcu-
lated using the modification of diet in renal disease equa-
tion: 170 X serum creatinine **? X age *'7® X blood
urea” %7 X serum albumin®?'® X (0.762 for
women) X (1.180 for African-American subjects).!>10

The subjects were classified concerning their renal func-
tion as having normal kidney function (glomerular filtra-
tion rate =60 mL/min/1.73 m2), concealed chronic renal
failure (normal serum creatinine and glomerular filtration
rate <60 mL/min/1.73 m2), or overt chronic renal failure
(increased serum creatinine and glomerular filtration rate
<60 mL/min/1.73 m?). A glomerular filtration rate of
<60 mL/min/1.73 m? is the threshold for moderate kidney
dysfunction of the Kidney Disease Outcomes Quality Ini-
tiative guideline classification.!” The cutoff value used for
serum creatinine was 1.26 mg/dL.!8

Data Analysis

The data were compared using independent-sample ¢ tests
for 2 groups and one-way analysis of variance tests with
post hoc Bonferroni corrections or Kruskal-Wallis H tests
for multiple groups. Simple correlations between variables
were examined using Pearson’s product correlation coef-
ficient. SPSS 17 (SPSS, Chicago, Illinois) statistical soft-
ware was used for the statistical analyses. All tests were
considered significant at P < .05.

Results
The study was performed with 136 male subjects with

COPD with a mean age of 60.3 = 5.2 y, and 104 healthy
male subjects with a mean age of 59.9 = 5.3 y served as
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Table 1.  Characteristic Data and Comparison Between Both Groups
Characteristics COPD Control P

Age, y 603 £5.2 599 x£53 .88
Weight, kg 64.69 = 13.79 65.53 = 7.87 .58
Height, m 1.70 = 0.06 1.70 £ 0.08 .96
BMI, kg/m* 22.67 =231 22.75 = 3.25 .84
Pack-years 36.59 = 23.2 20 = 21.1 15
Serum creatinine, mg/dL 0.93 =0.22 0.96 = 0.18 35
Estimated glomerular 83.63 =30.77 197.88 =£79.890 <.001

filtration rate,

mL/min X 1.73 m?
FVC, % predicted 57.39 = 23.1 9291 = 12.71  <.001
FEV,, % predicted 53.11 £ 22.48 87.62 = 1149 <.001
FEV,/ FVC, % predicted  60.84 = 7.5 84.47 = 9.32 <.001
MMEF, % predicted 42.58 + 23.68 75.82 £19.39  <.001
PEF, % predicted 46.51 = 19.96 54 £16.32 .07

Data are mean * SD.

BMI = body mass index

MMEF = maximum mid-expiratory flow
PEF = peak expiratory flow

the control group. The characteristic data and comparisons
between the groups revealed significant differences be-
tween the COPD and control groups regarding estimated
glomerular filtration rate and almost all of the spirometry
parameters. There were no significant differences regard-
ing age, weight, height, body mass index, smoking, or
serum creatinine (Table 1).

Comparisons between the 2 COPD groups and the con-
trol group regarding anthropometric measures, serum cre-
atinine, and the estimated glomerular filtration rate re-
vealed no significant differences between the groups in the
anthropometric data or serum creatinine, whereas signifi-
cant differences between the 2 COPD groups and the con-
trol group in estimated glomerular filtration rate were ob-
served (Fig. 1).

Comparisons of the clinical, laboratory, and spirometry
data between groups 1 and 2 revealed significant differ-
ences in smoking; the modified Medical Research Council
score for dyspnea; the COPD assessment test; the number
of hospitalizations in the last year; laboratory data, includ-
ing BUN, albumin, uric acid, and estimated glomerular
filtration rate; and all of the post-bronchodilator spirome-
try data (Table 2).

The frequencies and percentages of normal kidney func-
tion, concealed chronic renal failure, and overt chronic
renal failure in the COPD group, both COPD groups, and
the control groups and the comparisons between the 3
groups (ie, group 1, group 2, and the control group) re-
garding renal status (ie, normal, concealed, or overt) are
described and compared in Table 3.

The correlations of the serum creatinine level and esti-
mated glomerular filtration rate with the clinical and spi-
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Fig. 1. Comparisons of the estimated glomerular filtration rates
(e-GFR) of the 2 COPD groups and the control group revealing
significant differences between group 1 (A and B stages) and the
control (<.001), between group 2 (C and D stages) and the control
(P < .001), and between group 1 and group 2 (P < .001).

Table 2.  Clinical, Laboratory, and Spirometry Data Comparison
Between Group 1 and Group 2

Characteristics Group 1 Group 2 P
Pack-years 419 =247 30.6 £ 19.9 .004
MMRC 2.56 = 1.073 3.63 +1.23 <.001
CAT 18.94 + 6.66 24.25 + 10.39 <.001
Exacerbations, n/y 228 * 1.416 2.75 = 2.240 14
Hospitalizations, n/y 1.17 £ 1.13 1.88 = 1.37 .001
BUN, mg/dL 23.28 = 13.27 28 = 4.16 .007
Albumin, mg/dL 3.59 £0.47 32+0.39 <.001
Uric acid, mg/dL 5.38 = 0.88 6.45 = 1.98 <.001
Creatinine, mg/dL 091 = 0.27 0.95 = 0.13 32
UA/Cr 6.31 = 1.83 5.86 £ 1.52 A2
Estimated glomerular 96.16 = 35.16 69.54 = 15.94 <.001

filtration rate,

mL/min X 1.73 m?
FVC, % predicted 76.17 = 12.12 36.28 £ 11.07 <.001
FEV,, % predicted 72.14 £ 11.09 31.71 = 8.09 <.001
FEV,/FVC 64.17 =5.27 57.09 =79 <.001
MMEF, % predicted 56.24 £ 21.14 27.2 + 15.63 <.001
PEF, % predicted 61.36 £ 13.29 29.81 = 10.92 <.001

Data are mean + SD.

MMRC = Modified Medical Research Council dyspnea scale
CAT = COPD assessment test

BUN = blood urea nitrogen

UA/Cr = uric acid/creatinine ratio

MMEF = maximum mid-expiratory flow

PEF = peak expiratory flow

rometry data were examined. There were significant cor-
relations between the serum creatinine and COPD
assessment test, and the number of exacerbations was cor-
related with the number of hospitalizations due to COPD
exacerbation over the last year, the post-bronchodilator
percent-of-predicted FVC and FEV,/FVC, the percent-of-
predicted maximum mid-expiratory flow, and the percent-
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Table 3.  Frequency and Percentage of Normal Kidney Function,
Concealed CRF, and Overt CRF in All Subjects With
COPD, COPD Groups 1 and 2, and Control Group

n Normal Concealed Overt P
Total COPD 136 100 (73.53)  27(19.85)  9(6.62) .035
Group 1 72 64 (88.9) 7(9.72) 1(1.38) .003
Group 2 64 45 (70.31) 11 (17.19) 8 (12.50)
Control 104 102 (98.08) 2(1.92) 0 (0)

Data are n (%).

Table 4. Correlation Between Serum Creatinine, e-GFR and
Clinical, Spirometry Data

P
Estimated
Creatinine Glomerular
Filtration Rate

MMRC .08 <.001
CAT .01 <.001
Exacerbations (n/y) .005 .001
Hospitalizations (n/y) .004 <.001
FVC (% predicted) .003 <.001
FEV, (% predicted) .060 <.001
FVC/FEV, ratio (% predicted) .01 <.001
MMEF (% predicted) .03 <.001
PEF (% predicted) .007 <.001

MMRC = Modified Medical Research Council dyspnea scale
CAT = COPD assessment test

MMEF = maximum mid-expiratory flow

PEF = peak expiratory flow

of-predicted peak expiratory flow. The estimated glomer-
ular filtration rate was also correlated with all of the clinical
and spirometry data (Table 4).

Discussion

The present study demonstrated that renal impairment is
more frequent among subjects with COPD than non-COPD
control subjects without comorbidities. The estimated glo-
merular filtration rate is frequently depressed in COPD
subjects, despite normal serum creatinine levels in both
groups. A previous study concluded that the estimated
prevalence of chronic renal failure in a population with
COPD was greater than that observed in a control popu-
lation without COPD and with a comparable comorbidity
burden.!®

The results of other studies also agree with the present
results, but those studies systematically assessed chronic
renal failure in unselected populations with COPD and
found that chronic renal failure is prevalent and predictive
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of long-term mortality. However, the diagnoses of chronic
renal failure in these studies were based on serum creati-
nine, and thus its prevalence was probably underestimated.?

Indeed, patients with COPD exhibit reduced muscle
mass'?; thus, the serum creatinine levels might be falsely
low as the result of decreased creatine release.® This de-
crease was verified by Yoshizawa et al,?° who found that
the estimated glomerular filtration rate did not differ be-
tween the COPD and non-COPD groups when an estima-
tion formula based on serum creatinine was used, but the
COPD group exhibited significantly reduced estimated glo-
merular filtration rate when a formula based on serum
cystatin C was employed.

However, the results of the present study verified that
the COPD subjects exhibited no significant increase in
serum creatinine level compared with the control subjects.
Interestingly, there were significant correlations of the se-
rum creatinine level with most of the spirometry parame-
ters, with the COPD assessment test clinical assessment
tool for COPD, and with the numbers of hospitalizations
and exacerbations. The estimated glomerular filtration rate
was significantly lower in the subjects with COPD.

Moreover, COPD was positively associated with con-
cealed and overt chronic renal failure compared with the
control subjects. This relationship was verified by the
strength of the association of COPD severity, reflected by
the spirometry measurements, with the worsening of symp-
toms and the low estimated glomerular filtration rate. There-
fore, COPD is significantly associated with chronic renal
failure comorbidity, as proven by different studies.?!-22

The present study subdivided the subjects according to
renal status into normal, concealed, and overt renal failure
groups. Comparisons of the distributions of the subjects in
each group revealed that the number of subjects with con-
cealed renal failure was significantly higher among the
subjects with COPD than among the control subjects and
that the clinical statuses, spirometry parameters, and num-
ber of concealed renal failure cases in the group 2 COPD
subjects were significantly worse than those of both the
control group and the COPD group 1.

The significant increase in the number of concealed
rather than overt renal failure cases among group 2 sub-
jects verifies the idea that renal impairment is remarkably
underestimated as a COPD comorbidity and indicates the
importance of estimating the glomerular filtration rate of
COPD patients as an early indication of the probably of
the future development of the comorbidity of concealed
chronic renal failure.

The high prevalence of chronic renal failure in patients
with COPD might have important clinical implications. A
previous study proved the associations of chronic renal
failure with increased serum levels of inflammatory bio-
markers and prothrombotic molecules that are increased in
subjects with COPD.23
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Moreover, chronic renal failure, both overt and con-
cealed, is a well-known risk factor for adverse reactions to
hydrosoluble drugs. Indeed, most of the antibiotics that are
commonly used for exacerbated COPD are cleared by the
kidney, as are the drugs that are frequently used to treat
comorbid conditions (eg, thiazides for hypertension and
digoxin for atrial fibrillation).2* Other studies suggest that
chronic renal failure might aid in the understanding of the
link between COPD and anemia.?>2¢

This study has some limitations. Chronic renal failure
was diagnosed based on the estimated glomerular filtration
rate, which was calculated from the serum creatinine, and
the diagnoses were made without comparisons with diag-
noses made using other methods, such as those based on
microalbuminuria and serum cystatin C measurements or
other parameters for insurance coverage-related purposes.
Moreover, assessments of microalbuminuria could not be
performed because the subjects included in this study were
collected from out-patient departments, which made the
accurate collection of urine over 24 h difficult. Moreover,
this study did not involve measurements of the muscle
masses of the included subjects, but this factor might have
influenced the serum creatinine values and thus the esti-
mated glomerular filtration rates.

Conclusions

In the context of the increasing interest in systemic fea-
tures of COPD and related comorbidities, chronic renal
failure should not be ignored or underestimated simply
because it frequently cannot be recognized based on serum
creatinine because decreases in estimated glomerular fil-
tration rates are more prevalent.
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