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Abstract

Objectives There is some evidence that chronic obstruc-
tive pulmonary disease and chronic kidney disease (CKD)
may be related, perhaps through systemic inflammation,
which is common to both. However, this relationship
has not yet been clearly demonstrated. The aim of this
study was to investigate the association between airflow
obstruction, CKD, and C-reactive protein (CRP) levels in
Japanese men.

Methods The study included 11,587 men, aged
40-88 years, who underwent a health check-up. Airflow
obstruction was defined as a forced expiratory volume in
1 s/forced vital capacity of <70%, and its severity was
based on the Global Initiative for Chronic Obstructive Lung
Disease guidelines (GOLD). CKD was defined as an esti-
mated glomerular filtration rate of <60 mL/min/1.73 m?.
Results  Airflow obstruction was present in 7.9% of the
participants, and 10.6% of the participants had CKD. The
average CRP levels were 0.11 £ 0.36, 0.13 &+ 0.41, and
0.18 £ 0.41 mg/L for subjects with normal lung function,
GOLD stage I, and GOLD stage II-1V, respectively. With
regard to CKD, the average CRP levels were 0.11 + 0.32
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and 0.18 £ 0.6 mg/L for subjects without and with CKD,
respectively. Analysis of covariance showed no significant
differences between the CRP level and lung function status
or CKD after age was adjusted for. Logistic regression
analysis showed no association among subjects with the
three different lung function statuses after age, body mass
index, hypertension, diabetes, hyper-low-density-lipopro-
tein-cholesterolemia, smoking, physical activity, and alcohol
intake were controlled for.

Conclusions Based on the results of this study, we con-
clude that there is no interrelationship between CRP level,
airflow obstruction, and CKD.

Keywords Chronic obstructive pulmonary disease -
Chronic kidney disease - Glomerular filtration rate -
C-reactive protein - Spirometry

Introduction

Chronic obstructive pulmonary disease (COPD) is an
important public health problem [1] and a major cause of
morbidity and mortality throughout the world [2]. It is
predicted to become the third leading cause of death
worldwide by 2020 [3]. In Japan, the Nippon COPD epi-
demiological (NICE) study in 2004 showed that at least
8.6% of the general population aged >40 years suffered
from COPD [4], with patients older than 70 years having
the highest rate of airflow obstruction (24.4%) of all age
groups [4]. The burden of COPD is expected to increase as
the world’s population continues to age [5]. The Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
guidelines recommend effective COPD management and
prevention strategies [2]. Therefore, it is important to
attempt to identify illnesses that are frequently linked with
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COPD and assess their impact on disease progression.
Increasing evidence suggests that COPD is associated with
systemic inflammation, cardiovascular diseases, diabetes,
and hypertension [2, 6-8], which leads to the possibility
that COPD is not only a disease of the lungs but also a
systemic inflammatory disorder. However, the underlying
mechanisms of COPD are still poorly understood [2, 9, 10].
Chronic kidney disease (CKD), defined as an estimated
glomerular filtration rate (GFR) of <60 mL/min/1.73 m2,
has been shown to be an independent risk factor for car-
diovascular disease [11] and stroke [12] in general popu-
lations in Japan. A study involving the general Japanese
population found that decreased kidney function increased
the risk of first symptomatic stroke events [13]. CKD is
associated with a high prevalence of hypertension, diabe-
tes, and hypercholesterolemia [14]. The prevalence of both
CKD [15] and COPD [4] increases with age. Systemic
inflammation may be related to the pathogenesis of both
these diseases because both COPD [16] and CKD [17]
patients generally have high C-reactive protein (CRP)
levels. However, to date, there have not been any studies
demonstrating this relationship in the Japanese population.
The results of a study in the Netherlands suggest that air-
flow obstruction is associated with CKD [18]; however, no
previous studies have exclusively targeted a Japanese
population. The aim of this cross-sectional study, therefore,
was to investigate the association between airflow
obstruction, CKD, and CRP levels in Japanese men.

Methods
Subjects

The study cohort comprised 11,587 men aged 54.6 £
9.1 years [mean =+ standard deviation (SD)] who had
visited the Japanese Red Cross Kumamoto Health Care
Center for a multiphasic health check-up between April
2008 and March 2009. They included workers and resi-
dents of a rural area of Kumamoto, Japan. In Japan,
employees generally undergo annual check-ups at their
workplace or at designated clinics. The health check-up
programs involve interview questionnaires, body mea-
surements, laboratory data, lung function tests, and phys-
ical examination. Data on the medical history and lifestyle
information were collected by means of interview ques-
tionnaires conducted by a public health nurse. A physician
evaluated all participants and collected data on patient
characteristics, physical characteristics, medical history,
and lifestyle. All data were prospectively recorded and
entered into an electronic database. All subjects were
clinically stable (no exacerbation of underlying conditions
during the previous 2 months) at the time of evaluation.

Subjects with physician-diagnosed asthma or a history
of asthma or asthma-like symptoms, such as episodic
breathlessness, wheezing, and cough [19], were excluded
from the study. Asthma, including cough-variant asthma,
was considered to be present if diagnosed by a physician.
Subjects were also excluded if they had physician-diag-
nosed bronchiectasis, tuberculosis, or malignancy. Those
with an infectious disease or other diseases associated with
systemic inflammation, such as rheumatoid arthritis, con-
nective tissue disorders, or inflammatory bowel disease,
were also excluded. Subjects who had undergone pneu-
moconiosis screening were excluded. Of the 15,163 par-
ticipants initially enrolled in the study, 11,587 men aged
40 years or older underwent lifestyle and body measure-
ment assessment, laboratory tests, and lung function tests.
Our research protocol was approved by the Human Ethics
Committee of Kumamoto University and the Japanese Red
Cross Kumamoto Health Care Center. All subjects gave
informed consent prior to receiving the multiphasic health
check-up.

Measurements

After an overnight fast, blood samples were obtained to
measure serum levels of routine medical check-up markers,
including low-density lipoprotein cholesterol (LDL-C),
fasting glucose, and CRP. CRP levels were measured using
a high-sensitivity latex assay. Systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were measured
by trained nurses using an automatic digital sphygmoma-
nometer (HEM-904; OMRON, Kyoto, Japan) placed on the
upper arm at the height of the heart with the patient in a
sitting position after 5 min of rest. The average of two
measurements was used for the present analysis. Serum
creatinine concentration obtained using an enzymatic
method (Detaminar L-CRE; Kyowa Medics, Tokyo,
Japan). Body mass index (BMI) was calculated as the
weight in kilograms divided by the square of the height in
meters. A detailed smoking history was used to define
individuals as ‘never smokers’ (those who denied past and
current smoking), ‘former smokers’ (those who reported
smoking prior to the examination but denied current
smoking at examination), or ‘current smokers’ (those who
reported smoking at least one cigarette per day). Pack-years
(packs of cigarettes per day multiplied by smoking years)
were used as the smoking index. Alcohol intake was
classified into five categories: ‘non-drinkers’, ‘1-2 days per
week’, ‘3-4 days per week’, ‘5-6 days per week’, and
‘daily drinkers’. Physical activity was divided into two
categories: ‘regular physical activity’ was defined as
physical activity performed regularly at least twice per
week for at least 30 min per session throughout the year,
and ‘physical inactivity’ was defined as engaging in
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irregular physical activity or engaging in no form of
physical activity at all.

Lung function tests

Lung function tests were conducted using an electric
spirometer (DISCOM-21 FX; Chest MI, Tokyo, Japan)
connected to a computer for data analysis, as described
previously [20]. Maneuvers were performed according to
the GOLD recommendation [1] under the supervision of a
certified pulmonary technologist. Daily volume calibration
checks were performed using a 3-L syringe. A leak check
was also performed on each day prior to testing. Mea-
surements were obtained with the subjects standing and
wearing nose clips. The maneuvers were repeated until
acceptable spirograms were obtained. The obtained flow—
volume and volume—time curves were analyzed visually.
The best curve—the one with the largest sum of forced
expiratory volume in 1 s (FEV,) and forced vital capacity
(FVC)—was used for subsequent analysis. The accept-
ability criteria were as follows: the spirogram should have
a good start, it should be free from artifacts, and exhalation
should be satisfactory (duration of >6 s) in accordance
with the standardization of lung function testing criteria
issued by the American Thoracic Society/European
Respiratory Society Task Force [21]. Acceptable repeat-
ability was considered to have been achieved when the
difference between the largest and the next largest FVC
and FEV, was <0.150 L. If the acceptability criteria were
not met, testing was continued until these criteria were met
with further analysis of additional acceptable spirograms.
Both ‘acceptable’ and ‘not acceptable’ data were recorded
on the computer, but only ‘acceptable’ data were subse-
quently analyzed. Reversibility testing was not performed
in this study, as our institutional review boards considered
it unacceptable to perform such testing without a strong
suspicion of clinical disease. The spirometric criterion for
diagnosis of airflow obstruction was a FEV/FVC <70%.
FEV, % predicted is expressed as the percentage of the
predicted value using the predictive equations published by
the Japanese Pulmonary Function Standard in the Japanese
Respiratory Society [22]. The severity of airflow obstruc-
tion was defined as per the GOLD guidelines [2], namely,
GOLD stage I, FEV,/FVC <70% and FEV; >80% pre-
dicted; GOLD stage II-1V, FEV|/FVC <70% and FEV,
<80% predicted. The subjects were divided into three
groups: a control group (normal lung function), GOLD
stage I, and GOLD stage II-1V [20].

Chronic kidney disease

The GFR was calculated using the formula of Matsuo et al.
[23]. This equation originated from the Modification of
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Diet in Renal Disease (MDRD) Study group [24] designed
for Japanese individuals, and it is recommended by the
Japanese Society of Nephrology: estimated GFR
(mL/min/1.73 m?) = 194 x Scr %" x Age ™ *?*. CKD
was defined as an estimated GFR <60 mL/min/1.73 m> [11].

Other variables

Hypertension was defined as a SBP of >140 mmHg and/or
a DBP of >90 mmHg, or current or previous use of anti-
hypertensive mediation according to the Japanese Society
of Hypertension guidelines [25]. Hyper LDL-cholesterol-
emia was defined as serum LDL cholesterol >140 mg/dL
(3.6 mmol/l) or treatment with a statin, as per the 2007
Japanese Atherosclerosis Society guidelines [26]. Diabetes
was defined as a fasting blood glucose of >126 mg/dL or
treatment with insulin or oral hypoglycemic agents, as per
the report of the Committee of Japan Diabetes Society
on the classification and diagnostic criteria of diabetes
mellitus [27].

Statistical analysis

Results are presented as the mean £ SD, and categorical
variables are expressed as frequencies. Analysis of vari-
ance (ANOVA) with a post hoc Turkey’s test and the
Kruskal-Wallis test with post-hoc Bonferroni adjustment
were used to assess the difference in characteristics by lung
function status. Characteristics of the subjects according to
the presence of CKD were compared using Student’s ¢ and
Mann-Whitney U tests for continuous and categorical
variables, respectively. Analysis of covariance (ANCOVA)
with adjustment for age was performed to assess the
influence of lung function status or CKD on the CRP levels
because the CRP levels and prevalence of airflow
obstruction and CKD increase with age. The relationship
between airflow obstruction and CKD was analyzed using a
logistic regression model adjusted for age, BMI, hyper-
tension, diabetes, hypercholesterolemia, smoking (never
smokers, former smokers, or current smoker), physical
activity (physical inactivity or regular physical activity),
and alcohol intake (non-drinkers, 1-2 days/week, 3—4 days/
week, 5-6 days/week, or everyday drinkers). All analyses
were done using IBM SPSS Statistics vers. 18 software
(SPSS, Chicago, IL).

Results

The characteristics of the subjects by age group are pre-
sented in Table 1. The prevalence of airflow obstruction
was 7.9% in this study, which was similar to that reported
in an earlier nation-wide epidemiological study in Japan in
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which air flow limitation was found in 8.6% of subjects
over 40 years of age [4] (Table 1).

Figure 1 shows the age-specific prevalence of airflow
obstruction and CKD. A linear-by-linear association test
revealed a significant increase in the prevalence of airflow
obstruction with increasing age (y* for linear trend 435.149,
p <0.001) and CKD (4*> for linear trend 696.733,
p < 0.001) (Fig. 1).

Table 1 Characteristics of the subjects by age group

Figure 2 shows the age-specific prevalence of CKD by
lung function status. A linear-by-linear association test
revealed a significant increase in the prevalence of
decreased lung functional status in the presence of CKD
(}52 for linear trend 15.799, p < 0.001) (Fig. 2).

Table 2 shows the characteristics of the subjects by lung
function status. Significant differences in lung function
status were seen in relation to age, BMI, FEV,% predicted,

Characteristics

All (n = 11,587)

Age group (years)

4049 (n = 3,803) 50-59 (n =4,539) 60-69 (n =2451) =70 (n = "794)

Age (years) 54.6 £9.1 448 £29 547 £29 63.5£29 742 £ 38
BMI (kg/m?) 237 +£29 24.0 £ 3.1 23.8 £28 234 £26 23.0 £ 2.7
FEV, % predicted 942 £ 11.2 942 £94 94.1 £ 10.7 94.3 £ 12.8 94.8 £ 16.2
FEV/FVC (%) 78.5 £ 64 804 £ 5.4 78.7 £ 6.0 76.5 £ 6.7 742 £ 83
Creatinine (mg/dL) 0.12 £+ 0.37 0.11 £ 0.31 0.11 £0.33 0.14 £ 0.49 0.14 £ 0.39
Estimated GFR (mL/min/1.73 m?) 74.3 + 13.0 78.6 £ 12.0 744 £ 125 70.3 £ 12.6 65.6 + 13.6
CRP (mg/L) 0.12 £+ 0.37 0.11 £ 0.31 0.11 £ 0.33 0.14 £ 0.49 0.14 £ 0.39
Hyper-LDL-cholesterolemia (%) 325 314 33.1 32.6 332
Hypertension (%) 31.2 19.1 323 40.8 52.5
Diabetes (%) 9.9 5.2 11.0 14.2 12.3
Medication

Treatment for cholesterolemia (%) 8.2 4.2 8.5 11.3 16.2

Treatment for hypertension (%) 19.2 7.5 19.9 29.0 41.1

Treatment for diabetes (%) 5.2 1.9 5.5 8.2 9.1
Chronic kidney disease (%) 10.6 3.1 9.5 17.4 31.5
Airflow obstruction (%) 7.9 3.1 6.4 13.6 22.0
Lung function status (%)

Normal lung function 92.1 96.9 93.6 86.4 78.0

GOLD stage 1 39 1.5 3.0 7.0 11.1

GOLD stage II-1V 4.0 1.6 34 6.6 10.9
Smoking history (%)

Never smokers 31.8 32.1 27.4 36.1 42.4

Former smokers 38.0 27.7 40.5 46.3 47.1

Current smokers 30.2 40.2 32.1 17.7 10.5
Pack-years® 18.7 £ 20.0 144 £ 14.6 20.8 £ 20.2 21.2 £ 24.1 18.8 £ 23.1
Alcohol intake (%)

Non-drinkers 23.8 25.5 22.0 229 29.1

1-2 days/week 13.2 16.0 11.9 11.6 12.1

3—4 days/week 11.2 11.7 11.6 9.9 10.6

5-6 days/week 12.9 12.5 12.5 13.8 14.5

Everyday drinkers 38.9 343 42.0 41.8 33.8
Regular physical activityb (%) 36.1 24.3 324 52.0 66.2

Values are presented as the mean and, which appropriate, & standard deviation (SD)

BMI Body mass index, FEV; forced expiratory volume in 1 s, FEV;/FVC forced expiratory volume in 1 s/forced vital capacity, CRP C-reactive
protein, GFR glomerular filtration rate, LDL low-density lipoprotein

* Pack-years = (number of cigarettes smoked per day x number of years smoked)/20

P Regular physical activity was defined as exercising at least 2 times per week for at least 30 min per session throughout the year
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Fig. 1 Age-specific prevalence of airflow obstruction and chronic
kidney disease. a Age-specific prevalence of airflow obstruction,
b age-specific prevalence of chronic kidney disease (CKD). A linear-
by-linear association test showed a significant increase in prevalence
of airflow obstruction and CKD with increasing age (p < 0.001)
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Fig. 2 Age-specific prevalence of CKD by lung function status. A
linear-by-linear association test showed a significant increase in the
prevalence of CKD with decreased lung function status (p < 0.001)

FEV,/FVC, estimated GFR, CRP, frequency of hyperten-
sion, frequency of treatment for cholesterolemia, hyper-
tension, and diabetes, prevalence of CKD, pack-years and
smoking history, and frequency of alcohol intake and
physical activity (Table 2).

Table 3 shows the characteristics of the subjects
according to the presence of CKD. Significant differences
between the two groups were seen in relation to age, BMI,
FEV/FVC, creatinine, estimated GFR, CRP, prevalence of
hyper LDL-cholesterolemia, hypertension, and diabetes,
frequency of treatment for cholesterolemia, hypertension,
and diabetes, smoking history, pack-years, and frequency
of alcohol intake and physical activity (Table 3).

Figure 3 shows the CRP levels according to lung func-
tion status or CKD. The average CRP levels were
0.11 £ 0.36, 0.13 £ 0.41, and 0.18 £ 0.41 mg/L in sub-
jects with normal lung function, GOLD stage I, and GOLD
stage II-1V, respectively. ANCOVA after adjustment for
age showed no statistically significant differences among
these three subject groups because a significant interaction
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was found between lung function status and age (F =
3.400, p = 0.033) (Fig. 3a).

With regard to CKD, the average CRP levels were found
to be 0.11 £0.32 and 0.18 £ 0.6 mg/L for subjects
without and with CKD, respectively. Further, similar to the
results for lung function status, ANCOVA after adjustment
for age showed no statistically significant differences
between these two groups because a significant interaction
was found between CKD and age (F = 3.400, p = 0.033)
(Fig. 3b).

Table 4 shows the relationship between airflow
obstruction and CKD in subjects according to the severity
of the airflow obstruction. After adjustment for age,
BMI, hypertension, diabetes, hyper-LDL-cholesterolemia,
smoking, physical activity, and alcohol intake, the logistic
regression analysis showed no association among subjects
with normal lung function, airflow obstruction with GOLD
stage I, or airflow obstruction with GOLD stage II-IV
(Table 4).

Discussion

In this study, we found no significant association between
airflow obstruction and CKD according to logistic regres-
sion analysis after adjusting for age, BMI, hypertension,
diabetes, hyper-LDL-cholesterolemia, smoking, physical
activity, and alcohol intake. van Gestel et al. [18] investi-
gated that association between COPD and CKD as defined
by the MDRD formula (estimated GFR <60 mL/min/
1.73 m?) in 3,358 vascular surgery patients (mean age
66 years) in The Netherlands. Although they did not
observe significant association for those with mild COPD
[odds radio (OR) 1.23, 95% confidence interval (95% CI)
0.99-1.53)] or those with severe COPD (OR 0.80, 95% CI
0.54-1.20), there was a slight significant relationship
between COPD and CKD for those with moderate COPD
(OR 1.33, 95% CI 1.07-1.65). However, the composition
of the study cohorts differs between these two studies, with
the subjects in the Dutch study being vascular surgery
patients—while those in our study were not— and rela-
tively older than our subjects. Mannino et al. [5] suggested
that the prevalence of COPD can be attributed partly to
advancing age (with the risk nearly doubling every
10 years beyond the age of 40 years) and partly due to
continued smoking, which is the most important risk factor.
We found that the frequency of airflow obstruction and/or
CKD was the highest in subjects in the age group
>70 years. However, we could not assess the frequencies
of these disorders according to age group because our
sample size was small. Clearly, further studies are needed
to determine the relationship between airflow obstruction
and CKD, including the effects of aging.
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Table 2 Characteristics of the subjects by lung function status
Characteristics Normal lung function (n = 10,669) Airflow obstruction P
GOLD stage I (n = 452) GOLD stage II-1V (n = 466)

Age (years) 54.1 £89 61.2 £9.8 60.8 £ 9.6* <0.001
BMI (kg/m?) 23.8 £29 229 £25 232 £ 2.9% <0.001
FEV, % predicted 95.6 £ 9.6 892 +£ 7.7 66.7 &+ 11.2%} <0.001
FEV/FVC (%) 79.7 £ 4.8 66.2 £ 2.9 62.2 £+ 6.9 " <0.001
Creatinine (mg/dL) 0.88 £ 0.31 0.87 £ 0.21 0.85 £ 0.14 0.17
Estimated GFR (mL/min/1.73 m%)  74.4 + 12.9 72.8 + 14.1 74.0 £+ 13.9 <0.05
CRP (mg/L) 0.11 £ 0.36 0.13 £+ 0.41 0.18 + 0.41* <0.05
Hyper-LDL-cholesterolemia (%) 325 28.5 35.0 0.10
Hypertension (%) 30.7 323 39.9%% <0.001
Diabetes (%) 9.9 7.5 12.7* 0.32
Medication

Treatment for cholesterolemia (%) 8.0 8.0 13.1% % <0.001

Treatment for hypertension (%) 18.8 19.0 29.2%% <0.001

Treatment for diabetes (%) 5.1 3.8 7.7%F <0.05
Chronic kidney disease (%) 10.2 14.4 14.8 <0.001
Smoking history (%) <0.001

Never smokers 329 25.2 14.6

Former smokers 379 40.3 38.4

Current smokers 29.3 34.5% 47.0*
Pack-years® 17.5 &+ 18.9 26.0 £ 239 37.5 £ 27.5%* <0.001
Alcohol intake (%) <0.05

Non-drinkers 23.5 239 30.9

1-2 days/week 13.6 8.6 9.4

3—4 days/week 11.5 8.2 6.9

5-6 days/week 12.9 12.6 12.2

Everyday drinkers 38.4 46.7* 40.6
Regular physical activity” (%) 352 45.6%* 39.5% <0.001

#p < 0.05 compared with normal lung function; *p < 0.05 compared with GOLD stage I

Data were analyzed by analysis of variance (ANOVA) and post-hoc Tukey test or Kruskal-Wallis test and post-hoc Bonferroni adjustment.

Values are presented as the mean and, where appropriate, + SD

GOLD Global Initiative for Chronic Obstructive Lung Disease guidelines [2]
* Pack-years and Regular physical activity are as defined in the footnote to Table 1

Gan et al. [16] performed a systematic review and meta-
analysis of 14 studies which confirmed the strong associ-
ation between COPD and biological markers of systemic
inflammation, such as CRP and fibrinogen levels, white
blood cell count, and tumor necrosis factor alpha levels. In
a cohort of 4,320 subjects (63.2% women) selected from
the Jackson Heart Study, the CRP level was higher in those
with CKD than in those without it [17]. In contrast to the
results of previous studies, our results show no association
between the CRP levels and lung function status or CKD
after age adjustment, although they do indicate that CRP
levels and prevalence of airflow obstruction and CKD
increased with age. A large-scale prospective study is

needed to clarify the effects of aging on the relationship
between CRP levels and airflow obstruction or CKD.
COPD and asthma are conditions with many comor-
bidities, albeit asthma to a lesser extent than COPD [28—
31]. To date, very limited data have been gathered on the
association between asthma and CKD. Soriano et al. [29]
reported an association between asthma and renal and
urinary disorders in which they showed the baseline rates
of comorbidities and selected medical events in COPD and
asthma patients and the relative risk (RR) compared to
participants without COPD or asthma, respectively [29].
The renal and urinary disorder RRs were slightly higher for
COPD patients (RR 1.53, 95% CI 1.3-1.7) than asthma
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Table 3 Characteristics of the subjects by chronic kidney disease

Characteristics CKD (—) (n = 10,362) CKD (+) (n = 1,225) p
Age (years) 53.8 £ 8.7 61.5+£94 <0.001
BMI (kg/m?) 23.7+£29 239 £ 2.6 <0.05
FEV, % predicted 942 £ 11.1 947 £ 123 0.12
FEV/FVC (%) 78.6 £ 6.4 773 £ 6.6 <0.001
Creatinine (mg/dL) 0.84 &+ 0.10 1.19 £+ 0.80 <0.001
Estimated GFR (mL/min/1.73 m?) 76.8 £ 11.1 53.1 £ 7.6 <0.001
CRP (mg/L) 0.11 + 0.32 0.18 £ 0.65 <0.05
Hyper-LDL-cholesterolemia (%) 31.6 39.5 <0.001
Hypertension (%) 29.2 47.4 <0.001
Diabetes (%) 9.7 11.8 <0.05
Medication

Treatment for cholesterolemia (%) 7.4 15.8 <0.001

Treatment for hypertension (%) 17.0 37.6 <0.001

Treatment for diabetes (%) 4.9 7.7 <0.001
Lung function status <0.001

Normal lung function 924 89.1

GOLD stage 1 3.7 5.3

GOLD stage II-1V 3.8 5.6
Smoking history (%) <0.001

Never smokers 31.0 38.7

Former smokers 36.8 48.3

Current smokers 32.2 13.0
Pack-years® 18.8 = 19.8 17.3 £ 21.1 <0.001
Alcohol intake (%) <0.001

Non-drinkers 22.9 31.4

1-2 days/week 133 12.7

3—4 days/week 11.3 104

5-6 days/week 12.7 14.8

Everyday drinkers 39.8 30.7
Regular physical activity® (%) 345 49.5 <0.001

Data were analyzed by Student’s ¢ test and the Mann—Whitney U test for continuous and categorical variables, respectively. Values are presented

as the mean and, where appropriate, + SD

? Pack-years and Regular physical activity are as defined in the footnote to Table 1
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0.40
035
a ~ 035
ﬂ)usu o
£ & 030
e 025 £
‘g g 025
20 0182041 3 0.180.65
& S 020
2 01s 013041 &
E 0.11£036 20154 o1tosn
] 5]
] g
© ol 8 o010
© 005 © 005
0.00 0.00

0=10,669 n=452 n=466 n=10,362 n=1225
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Fig. 3 C-reactive protein levels and lung function status or CKD.
a C-reactive protein levels and lung function status, b C-reactive
protein levels and CKD. Analysis of covariance after adjusting for the
age showed no statistically significant differences among the three
group with different lung function statuses and between the groups
with and without CKD
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patients (RR 1.37, 95% CI 1.1-1.6) [29]. The results of a
more recent study indicate that asthma is weakly associated
with diabetes mellitus, dyslipidemia, and cardiovascular
and hypertensive disease [32]. Although asthma has been
proposed to have many comorbidities [29-32], its associ-
ation with CKD has not been entirely elucidated, and the
underlying mechanisms remain unknown. Further research
is needed to determine the interrelationships between
COPD, asthma, and CKD.

Our study has a number of limitations. First, we did not
employ reversibility testing, as it was unacceptable to the
authors’ Institutional Review Board for use in subjects
without a high suspicion of disease. Although we excluded
subjects with physician-diagnosed asthma from this study,
the possibility that we misclassified some asthmatic
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Table 4 Relationship between airflow obstruction and chronic kidney disease according to severity of airflow obstruction

Logistic regression analysis Normal lung function

Airflow obstruction

(n = 10,669)
GOLD stage I (n = 452) GOLD stage II-1V (n = 466)
n (%) with chronic kidney disease 1,091 (10.2) 65 (14.4) 69 (14.8)
Unadjusted OR (95% CI) 1.00 1.48 (1.13-1.93) 1.53 (1.17-1.99)
Adjusted OR (95%) 1.00 0.89 (0.66-1.20) 1.01 (0.75-1.35)

Logistic regression analysis was adjusted for age, BMI, hypertension, diabetes, hyper-LDL-cholesterolemia, smoking, physical activity, and

alcohol intake
OR Odds ratio, CI confidence intervals

subjects as having chronic airflow obstruction cannot be
ignored, since post-bronchodilator spirometry was not
performed. While asthma can usually be distinguished
from COPD, it is difficult to do so in some individuals,
such as those with fixed airflow obstruction [2]. The degree
of reversibility of airflow obstruction is no longer recom-
mended as a diagnostic parameter or for the differential
diagnosis for COPD from asthma [2]. The modified GOLD
definition, from which the reference to bronchodilation has
been omitted, has been widely adopted in population-based
epidemiological studies [3]. Second, we assessed only men
because there were too few women with airflow obstruc-
tion. Relative to men, advanced COPD in women is char-
acterized anatomically by smaller airway lumens and
disproportionately thicker airway walls, and by emphy-
sema that is less extensive, manifested by a smaller hole
size and less peripheral involvement [33]. Further studies
including Japanese women are required to determine
whether there are sex differences in the association
between airflow obstruction and CKD.

In conclusion, Based on the results of our study, CRP
levels, airflow obstruction, and CKD are not interrelated. In
our study population, the CRP levels and prevalence of
airflow obstruction and CKD increased with age. A large-
scale prospective study is required to clarify the effects of
aging on the relationships among CRP levels, airflow
obstruction, and CKD.
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