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Results The CV for tidal volume was significantly greater
(p=0.001), and mutual information was significantly lower
(p=0.041) in Group A as compared to Group B.

Conclusions Differences in two independent measures of
breathing irregularity correlated with CPAP rejection in OSA
patients without nasal symptoms or comorbidity. Prospective
studies of adherence should examine traits of breathing stability.

Keywords Obstructive sleep apnea - CPAP adherence -
Respiratory control - Nonlinear analysis

Introduction

Individuals breathe in different ways under strictly defined
conditions during quiet wakefulness. There are also significant
effects of different cognitive events such as thought, attention,
and emotion on the basic breathing pattern, presumably
through forebrain influences. Although forebrain activity is
depressed during slow-wave sleep (non-REM), breathing indi-
viduality persists [1]. Moreover, identical twins breathe with a
similar pattern [2, 3]. Thus, genetic background affects breath-
ing pattern, and accounts for variation across individuals.

Breathing variability is measured not only through physi-
ologic extractions of respiratory frequency and tidal volume
but also using analyses of the breathing signal unrelated to the
physiologic extractions. The latter includes methods such as
sample entropy and mutual information that deconstruct the
signal, and disclose features and patterns that reveal structural
underpinnings and complexity. Such complexity occurs in
expression of and differs among apnea types [4]. Previously,
we reported a difference in an information theory-based metric
of signal pattern variability (sample entropy) among patients
with obstructive sleep apnea syndrome (OSAS) comparing
those with many mixed apneas (>30 % of events being mixed
apneas) to those with predominant obstructive apnea. Second-
ary observations in this data set suggested that breathing
variability during wakefulness could be a predictor of accep-
tance of CPAP as a therapy [5]. While studies indicate that
age, sex, severity of disease, symptoms of sleepiness, socio-
economic status, nasal symptoms, and psychological factors
relate to CPAP adherence in OSAS [6-15], none have con-
sidered an individual’s inherent features of respiratory control
as quantified in terms of measures of variability.

Using a case—control design, we tested the hypothesis
that the regularity of resting breathing during wakefulness
might be a predictive feature of subsequent CPAP accep-
tance. Patients with nasal symptoms and comorbidity
known to affect adherence were excluded, and our analysis
focused on the breathing pattern during wakefulness prior to
the diagnestic polysomnography (PSG). Veatilatory pattern
variability was quantified using conventional (linear) statis-
tical analysis (coefficient of variation (CV)) of breath-to-
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breath tidal volume and frequency from noninvasive meas-
ures, as well as an information-based analysis of the respi~
ratory signal using mutual information, an approach that
uses the raw respiratory waveform data that does not depend
on either breath depth or frequency identification.

Methods
Subjects

There was an initial exclusion of patients with an apnea—
hypopnea index (AHI) <20 who had medical history of
arrhythmia, cerebral infarction, and psychosomatic/psycho-
genic diseases or who used opioid, hypnotic medications, or
antidepressant; all of which might have an influence on
breathing irregularity. Figure 1 shows the ascertainment
profile of the study that resulted in the final comparison
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groups. Among 380 patients with obstructive sleep apnea
(OSA) who had a diagnostic PSG and then who were
prescribed CPAP from 2007 to 2010, 66 patients quit CPAP
treatment at 6 months. Among these 66 patients, 11 patients
wete excluded from further apalysis due to loss of the
information regarding reasons for CPAP dropout, 4 patients
quit CPAP because sleep disordered breathing was im-
proved by weight loss and/or tonsillectomy, 20 patients were
CPAP-intolerant because of nasal symptoms, malignant dis-
eases, and/or economic issues, and 4 patients were excluded
as an adequate respiratory signal could not be obtained
during wakefulness. Eventually, 27 patients were enrolled
to this study analysis (Group A). We also randomly
extracted 27 patients with good CPAP adherence from the
same database. Fairly good adherence to CPAP was defined
at a high threshold, i.e., more than 90 % of days with more
than 5 h usage each night. A final group of 21 patients that
were matched for age, body mass index (BMI), and AHI
within the mean and standard deviation values for Group A
were designated as Group B. Data were collected on the
Epworth sleepiness scale (ESS) and current medications.
Written informed consent was obtained from all patients,
and the Human Subjects Ethics Committee of Nara Medical
University approved the study.

Diagnostic PSG

Data acquisition started from 9 p.m. and continued until 6
a.m. on the following morning. Subjects were not informed
that the respiratory signal before sleep onset was extracted
and used for analysis. When sensors were applied and data
acquisition could be initiated, subjects were instructed to
close their eyes and the recording statted.

The PSG was performed using a polygraph system
(EEG7414; Nihon Kohden, Tokyo, Japan). electroencepha-
logram (EEG; C3-A2, C4-Al), bilateral EOG, submental
electromyogram (EMG), ECG, and bilateral anterior tibial
EMG were recorded. Airflow was monitored using an oro-
nasal thermal sensor and/or nasal air pressure transducer.
Thoracic and abdominal respiratory movements were mon-
itored using respiratory inductance plethysmography (RIP)
(Respitrace; Ambulatory Monitoring Inc., Ardsley, NY,
USA). Oxyhemoglobin saturation and pulse rate were mon-
itored using pulse oximetry with a finger probe (OLV-3100;
Nihon Kohden, Tokyo, Japan). All the signals were digi-
tized and stored on a personal computer. Apneas were
defined as an episode of complete airflow cessation mea-
sured from the thermal sensor lasting more than 10 s. Hypo-
pnea was defined by>30 % reduction in amplitude of the
RIP-sum signal lasting more than 10 s with>3 % oxygen
desaturation. AHI was calculated as the average number of
apnea-hypopnea evenis per hour over the total sleep period.

CPAP

All patients were initiated on nasal CPAP (REMstar Auto;
Respironics; Pittsburgh, PA, USA or GoodKnight 420E;
Tyco Mallinckrodt Plaisir, France) with auto titrating mode.
All patients under CPAP treatment visited our sleep labora-
tory every month, which is mandatory in the Japanese

" healthcare insurance system, and CPAP adherence was

monitored every month using data extracted from the mem-
ory of the CPAP equipment. If necessary, CPAP settings
including pressure range or CPAP mode (auto or fixed
mode) were modified by an expert physician at the monthly
visit to our laboratory. Eventually, most of the patients used
CPAP with auto titrating mode during the follow up period.

Analysis of the respiratory signal

An investigator blinded to the groups chose approximately
5 min of artifact-free respiratory signal data before sleep
onset, without a change in body position and scored as
wakefulness, from the diagnostic polysomnography. Respi-
ratory signals were generated by the sum of chest and
abdominal signals using RIP. The sum was not calibrated
to volume but adjusted to have a similar tidal displacement
among subjects. The respiratory signal was identified, and
the EMG (chin and limb) signal was used fo detect body
movements. When the amplitnde of the EMG signal was
high, that part of the respiratory signal was considered to be
during movement and inappropriate for analysis. The part of
respiratory signal in which eye movements without alpha
rhythm in epochs not scored as sleep was also excluded
from analysis. In the analytic phase of the study, investiga-
tors were also blinded to the group assignment, and each 5-
min record of the respiratory sigmal during EEG-staged
periods of wakefulness was analyzed for breath-to-breath
inspiration time (7;), expiration time (1¢), T;+7T5, (Tiy), and
relative tidal volume. To avoid the fluctuation of breathing
due to drowsiness, we extracted 5 min of respiratory signal
if EEG were considered to be fully awake for each epoch
(30 s) over a 5-min period. To assess breathing irregularity,
the CV ([standard deviation / mean]X 100) for each param-
eter was calculated.

To further quantify breathing pattern variability, the mu-
tual information of the raw respiratory signal (RIP-sum
signals) sampled at 10 Hz was quantified. Mutual informa-
tion is a measure of statistical dependence in a data set [16,
17]. This information theory-based metric reflects the de-
crease in uncertainty associated with a time-shifted data
point x(z+7) that results from knowledge of the coordinate
x(?). Mutual information (measured in bits) was computed as
described previously [18, 191, and additional details are
provided in an appendix. Due to the periodic nature of the
respiratory pattern, mutual information was calculated over
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multiple time delays (7's) from unity to one cycle length.
Values were averaged across time lags excluding those with
high linear correlations as defined by the first poinimum of the
mutual information function. Average mutual information
(excluding small lags) was reported for each group. In prac-
tice, higher values of mutual information suggest increased
statistical dependence (decreased variability and greater pre-
dictability) in the signal, while lower mutual information is
associated with more variable (less predictable) pattems [20].

Statistical analysis

Comparison of continuous variables between the groups
was done by the unpaired # test, and categorical variables
were compared by the chi-squared test. Differences with p<
0.05 were considered significant. All results were expressed
as means+standard deviation (SD). Statistical analysis was
done with IBM SPSS Statistics 19 for Windows software
(SPSS Inc., Chicago, IL).

Results
Subject characteristics

Table 1 shows subject characteristics for each group. There
were no significant differences in ESS and the use of med-
ications for hypertension, hyperlipidemia, and diabetes mel-
litus between groups. In Group A, the main reasons for poor
CPAP acceptance were an uncomfortable feeling with CPAP
or a sensation of it being hard to breathe and fall asleep.
Some reported removing CPAP without awareness duting
sleep. Also, those who refiused or could not tolerate CPAP
treatment generally felt no significant improvement in pre-
senting symptoms such as excessive daytime sleepiness,

Table 1 Subject characteristics

Group A (7=27) Group B »=21) p value

Age, year 51.610.1 51.3£10.0 N.S.
Sex, (male/female) 24/3 19/2 N.S.
AHI, fh 46.4+183 53.6+23.7 NS.
ESS 10.4%5.7 11.4%6.0 NS.
BMI, kg/m® 252432 26.8+2.4 N.S.
Hypertension 6/27 (222 %)  821(381%)  NS.
Dyslipidemia 4/27 (14.8 %) 421 (190 %)  NS.
Diabetes mellitus 3/27 (11.1 %) 0/21 (0.0 %) N.S.

Data are shown as mean=SD or no. (%). Group A are the patients who
dropped out of CPAP therapy; Group B are the patients with good
CPAP adherence :

AHT apnea-hypopnea index, ESS Epworth sleepiness scale, BMI body
mass index, N.S. not significant
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morning headache, and sleep quality. Regarding the 39
patients with poor CPAP acceptance excluded from the
analysis, the AHI, age, and ESS were similar to 27 patients
that were analyzed in Group A (data not shown).

Breathing irregularity during rest before sleep onset

Figure 2 shows examples of RIP-sum signals during wakeful-
ness for two subjects with poor CPAP acceptance (Group A)
and two subjects with good CPAP adherence (Group B).
These tracings highlight the more irregular breathing pattern,
especially in amplitude rather than respiratory frequency, prior
to sleep onset in Group A as compared to Group B. Although
the CV values for T; were significantly higher in Group A
(22.6+10.2 vs. 15.9£7.8 %; p<0.05), the CV values for T,
and Ty, were similar between groups (7, 24.0+11.3 vs. 19.5+
8.5 %; Tiot, 18.7£8.9 vs. 15.2+6.7 %, p>0.05). The CV
valnes for tidal volume in Group A were significantly greater
than in Group B (30.7+7.8 vs. 22.1£9.0 %; p<0.01) (Fig. 3).
The independent analyses of the respiratory waveform also
identified differences in breathing pattern. The mutual infor-
mation was significantly lower in Group A as compared to
Group B (0.94+0.16 vs. 1.16:0.52 bits, respectively, p<0.05)
(Fig. 4). Mutual information is a measure of statistical depen-
dence between points, so the lower value in Group A suggests
a greater variability of the breathing pattern during wakeful-
ness in subjects with poor CPAP acceptance. There were no
correlations between severity of OSA (AHI) and parameters
for breathing irregularity including CVs and the mutual infor-
mation (data not shown).

Discussion

The present study supports the hypothesis of an association
of breathing irregularity during wakefulness prior to the
diagnostic sleep study, as quantified by two independent
measures, to CPAP adherence. We observed that breathing
irregularity is greater in the patients with OSA who could
not tolerate CPAP therapy than in age-, AHI-, and BMI-
matched patients with good CPAP adherence. While highly
selected for the absence of nasal symptoms and confounding
medical conditions, these findings suggest that during wake-
fulness, a pattern of individual resting breathing irregularity
could be a predictive marker for CPAP acceptance.
Breathing irregularity during wakefulness is associated
with genetic diseases such as RETT syndrome [21, 22], with
certain environments such as high altitude [23, 24], with
treatment with opioid medications [25, 26], and with med-
ical conditions including heart failure [27-29] and cerebral
mfarction [30, 31]. These phenomena reflect particular fea-
tures of the respiratory control system that involve respira-
tory rthythm generation and/or central and peripheral
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Fig. 2 Examples of RIP-sum tracings before sleep onset. Tracings of
each two patients from Group A and B were presented, showing the
breath-to-breath greater irregularity in tidal volume rather than

chemoreception. Breathing “stability” or “instability” is op-
erationally defined from the output of the respiratory con-
troller. We previously reported that breathing behavior
during wakefulness even in room air and in the phase of
post acute hypoxic exposure as well were different between
mouse strains [32-35], thus we think that the patterning of
breaths over time (periodic, chaotic, etc.) around eupnea is
an important feature to begin to define not only operation-
ally but mechanistically. In a previous study, findings sug-
gested that the central respiratory control system in mixed
apnea dominant OSAS is different from obstructive apnea
dominant OSAS and closer to patterning in central apnea
syndrome [5]. These results taken together with the present
study indicate that patients with OSA who cannot tolerate
CPAP and showed irregular breathing may have somewhat
of a different respiratory control system from patients with
good adherence to CPAP.

An interaction of respiratory output with the upper air-
way and diaphragm may determine the expression of apnea
types, such as central and obstructive [4]. The relative
proportion of these components would depend on individual
factors, which may be genetic or secondary to a medical
condition. We speculate that patients with poor CPAP ac-
ceptance may have a relatively high central gain rather than
peripheral chemoreceptor component as compared to
patients with good adherence to CPAP, and this difference
may be reflected by the breath-to-breath variability in tidal
volume. Previously, we had compared mixed apnea

30sec

respiratory frequency in Group A. Group 4 is composed of the patients
who dropped out of CPAP therapy. Group B is composed of the
patients with good CPAP adherence

predominant to obstructive apnea dominant, and in that
comparison, the differences were in the variability in respi-
ratory frequency and, to a lesser extent, tidal volume [5]. In
the present study, we focused on obstructive apnea domi-
nant patients; and, while variability was different in tidal
volume, breath-by-breath variability in respiratory frequen-
cy was similar between groups. In both studies, however,
analysis of the raw signal provided insight in the direction of
difference, being lower in groups will less adherence.
Although the augmented breath, sigh, is considered an
important component of normal breathing [36], Baldwin et
al. concluded that sighs indicate maturity and functional
integrity of the neurorespiratory feedback control and pro-
posed sighs as being important for the regulation and reset-
ting of the neurorespiratory controller [37]. Moreover, in
general, sigh could occur both during stress and negative
emotions, such as panic and pain, and during positive emo-
tions, such as relaxation and relief [38—40]. In the current
study, we did not exclude sighs from the 5-min segment of
respiratory data. The number of sighs might affect the CV
values for tidal volume. Thus, sigh was not discarded in the
analysis, because it could confribute to greater tidal volume
variability and poor CPAP acceptance. This is supported by
previous reports that psychological factors may relate to
adherence to CPAP [15]. Therefore, differences in the res-
piratory control system such as a high central component or
an intringic psychological status can explain our results;
however, exploring the exact mechanismi for this variability
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Fig. 3 Coefficients of variation for breath-to-breath respiratory varia-
bles during resting breathing before sleep onset. Values are mean+SD.
a Ti, inspiration time; b Te, expiration time; ¢ Ty, Ti+T,, d Tidal

is beyond the scope of this study. In addition, it has been
recently demonstrated that arousability is one of the physio-
Jogical traits that contribute to the pathogenesis of OSA [41].
Arxousal due to positive airway pressure and/or CPAP discor-
fort may worsen CPAP adherence, thus the difference in indi-
vidual arousal threshold may have contributed to our results,
but further study would be needed to elucidate this issue.

A strength of the study was an ability to select a sufficient
- number of patients to match highly successful CPAP users to
an extremely intolerant group and in both excluding known
factors (stroke, opioid use, etc.) that might confound the
comparisons. There are limitations in the present work. First,
we cannot exclude a possible effect of hypocapnia in the poor
CPAP acceptance group; however, if this were the case, then
the differences between the groups would be based on a
respiratory control factor such as hypercapnic responsiveness
and/or apneic threshold of carbon dioxide. Second, although
the statistics reveal that the CV values for tidal volume in the
patients with OSAS who can not tolerate CPAP were signif-
icantly higher than in patients with good adherence, the aver-
age difference in CV values between the groups was less than
10; however, the fact that the independent measure of mutnal
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volume. Group A is composed of the patients who dropped out of
CPAP therapy. Group B is composed of the patients with good CPAP
adherence. The asterisk indicates significant difference between groups
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Fig. 4 The mutual information of the raw respiratory signal (RIP-sum
signals). The mutual information was significantly lower in Group A as
compared to Group B, suggesting a greater variability of the breathing
pattern in Group A. Group 4 is composed of the patients who dropped
out of CPAP therapy. Group B is composed of the patients with good
CPAP adherence. The asterisk indicates significant difference between

groups
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information also showed such differences suggests that even
small absolute differences could be important to consider.
Third, although we successfully demonstrated a significant
association between breathing irregularity during wakefulness
and CPAP acceptance, this was a retrospective study. Thus, a
prospective study will be needed to confirm that breathing
irregularity predicts CPAP adherence. Lastly, the prescription
of different comumercial-based CPAP devices might be a con-
founding factor for CPAP adherence, but dropout rate was not
different between these CPAP devises users.

In summary, we conclude that irregular breathing in
terms of respiratory amplitude and temporal variability of
the breathing signal during wakefulness may affect CPAP
acceptance. This suggests that there are distinct features of
respiratory control in patients who accept CPAP or cannot
tolerate CPAP.
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Appendix

Mutual Information: Mutual information (MI) is a measure
of the statistical dependence between two time series, or two
collections of points from a data set, that can arise from both
linear and nonlinear sources [42]. The Mutual information
between a given time series x(7) and its time-shifted version
x(t+7) is computed from the joint probability distribution of
x(f) and x(¢+7), where 7 represents a time lag. The joint
probability distribution is defined as Plx(?), x(t+7)], where
Pix(?)] and P[x(¢+7)] are the marginal distributions of the
original and time-shifted time series, respectively. The MI
can be computed as follows:

MI[x(2), x(¢+7)]

B - T lo P[x,-(z‘), Xj(t + 77)]
=22 Pl 5t ]! g[P[xm)} Pl o)

Because the breathing pattern over long time periods is
strongly periodic, we computed MI for ¢ values from one
sample (adjacent points separated by 100 ms) to one cycle
length. MI tends to decrease quickly as 7 is increased from a
lag of one and then becomes more uniform at higher time
lags, and the average MI of a given epoch was quantified
excluding small lags as defined by the first miniraum of the
MI function.
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ABSTRACT

Objectives: A growing body of evidence suggests that
there is a relationship between impaired lung function
and the risk of developing diabetes mellitus (DM).
However, it is not known if this reflects a causal effect of
lung function on glucose metabolism. To clarify the
relationship between lung function and the development
of DM, we examined the incidence of newly diagnosed
prediabetes (a precursor of DM) among subjects with
normal glucose tolerance (NGT) at baseline.

Design: Primary analysis of an occupational cohort with
both cross-sectional and longitudinal data (follow-up
duration mean+SD: 28.4:6.1 months).

Setting and participants: Data were analysed from
1058 men in a cross-sectional study and from 560 men
with NGT in a longitudinal study.

Outcomes and methods: Impaired lung function (per
cent predicted value of forced vital capacity (%FVC) or
per cent value of forced expiratory volume 1 s/FVC
(FEV4/FVC ratio)) in relation to the ratio of prediabetes or
DM in a cross-sectional study and development of new
prediabetes in a longitudinal study. NGT, prediabetes
including impaired glucose tolerance (IGT) and increased
fasting glucose (IFG) and DM were diagnosed according
to 75 g oral glucose tolerance tests.

Measurements and main results: %FVC at baseline,
but not FEV,/FVC ratio at baseline, was significantly
associated with the incidences of DM and prediabetes.
Among prediabetes, IGT but not IFG was associated with
%FVC. During follow-up, 102 subjects developed
prediabetes among those with NGT. A low %FVC, but not
FEV4/FVC ratio, was predictive of an increased risk for
development of IGT, but not of IFG.

Conclusions: Low lung volume is associated with an
increased risk for the development of prediabetes,
especially IGT, in Japanese men. Although there is
published evidence for an association between chronic
obstructive pulmonary disease and DM, prediabetes is
not associated with the early stage of COPD.

INTRODUCTION
Accumulating evidence suggests that there is
a close relationship between impaired lung

function

and diabetes mellitus (DM).
Population-based studies have demonstrated
associations between both obstructive and
restrictive lung impairment and insulin resist-
ance or DM."™ A representative obstructive
lung disease, chronic obstructive pulmonary
disease (COPD), is now well known to be
associated with a variety of comorbidities,
including DM.'*® However, an accelerated
decline of lung function has been observed
in patients with DM.'* The incidence rates of
COPD, asthma, lung fibrosis and pneumonia
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are greater in patients with DM than in those without
DM."” The incidence of death from COPD is also
increased in DM.'®

The metabolic stage between normal glucose homeo-
stasis and DM is called prediabetes, which the WHO
divides into impaired glucose tolerance (IGT) and
increased fasting glucose (IFG).'” Both IFG and IGT are
the established risk factors for DM.'® The Diabetes
Prevention Program Research Group'® found that about
30% of subjects with prediabetes developed DM during
3-5 years of follow-up. IFG and IGT are also risk factors
for cardiovascular disease (CVD), relationships that are
not confounded by the development of DM.'? 2
Subjects with prediabetes also have higher incidence
rates of microvascular complications, including neur-
opathy, retinopathy and nephropathy, than do those
with normal glucose tolerance (NGT).21 2

We reported previously that smokers with airflow
limitation had subclinical atherosclerosis as evidenced
by carotid intima-media thickness (CIMT).'? Although
we excluded subjects with DM, the prediabetic state
may influence the association, since prediabetes per
se was accompanied by a modest but significant
increase in the risk for developing CVD, as described
above. However, there is no information regarding
the association between lung function and predia-
betes. Therefore, we explored the incidence of newly
diagnosed prediabetes among selected subjects with
NGT to further elucidate the nature of the relation-
ship between lung function and the development
of DM.

METHODS
Subjects
The subjects were recruited from 1218 men who attended
the Nippon Telegraph and Telephone West Corporation
Chugoku Health Administration Center for general health
checkups between April 1999 and March 2006. One
hundred and sixty subjects were excluded, because they
did not meet the following inclusion criteria: (1) between
40 and 59 years of age at the first examination, and able to
perform both a 75 g oral glucose tolerance test (OGTT)
and adequate spirometric measurements (146 subjects
excluded); (2) no known respiratory disease (14
excluded). Data from the remaining 1058 subjects were
used for a baseline cross-sectional analysis. For the longitu-
dinal study, subjects were restricted to those who had NGT
(365 excluded), and could be followed up for more than
20 months (133 excluded). The remaining 560 subjects
were included. Among these subjects, 77 were receiving
medication for hypertension, 43 for dyslipidaemia and 11
for hyperuricaemia. The distributions of these subjects
among the quartiles of percent predicted value of %FVC
and percent value of 1s/FVC (FEV,/FVC ratio) were not
significantly different.

The study was approved by the Ethical Committee of
Kochi University.

75 g oral glucose tolerance iest

DM and prediabetes were diagnosed according to the
2003 criteria of the WHO.” Subjects with prediabetes
were classified into two categories: isolated IFG and IGT.
Isolated IFG was defined as a fasting plasma glucose
level of 6.1-6.9 mmol/l and a 2h postload plasma
glucose level of <7.8 mmol/l; and IGT was defined by a
fasting plasma glucose level of <7.0 mmol/l and a 2h
postload plasma glucose level of 7.8-11.1 mmol/1. Blood
samples were collected after a 10 h fast, and then 2h
after a 75 g oral glucose load.

Fasting insulin was measured by an enzyme immunoassay
(Dainabot, Tokyo, Japan) with an intra-assay coefficient of
variation of 3.1-4.4%. The homeostasis model assessment
(HOMA) formula, (fasting insulin (mU/1)xfasting glucose
(mmol/1))/22.5, was used to calculate the insulin resist-
ance score.

Pulmeonary function test

Pulmonary function was measured using a spirometer
(Chest HI-801; Chest Co., Tokyo, Japan) by an experi-
enced technician according to the recommendations of
the American Thoracic Society.®® The Japanese refer-
ence values were used.?*

Statistical analysis

Statistical analysis was carried out using SPSS, V.18.0 (SPSS
Japan Inc, Tokyo, Japan). Statistical comparisons of the
baseline characteristics of each group were performed
using either the x-square test or one-way analysis of vari-
ance (ANOVA). Comparisons among the groups were per-
formed by using posthoc Tukey test. In the cross-sectional
study, logistic regression models were used to estimate the
relevant ORs. In the longitudinal study, the HR of each
covariate for the risk of development of prediabetes with
95% CI was calculated using the Cox hazard model. Tests
for a linear trend across increasing categories of spiro-
metric indices were conducted by treating the categories
as continuous variables in a model. In all analyses, p<0.05
was taken to indicate statistical significance.

RESULTS

Baseline analysis

At baseline, our study population (n=1058) consisted of
693 normal subjects, 93 with isolated IFG, 167 with IGT
and 105 with DM. To examine the relationship between
lung function parameters and impaired glucose metab-
olism, the subjects were divided into quartiles according
to baseline %FVC and the FEV;/FVC ratio. Some para-
meters, including age, body mass index (BMI), systolic
blood pressure and total cholesterol, differed signifi-
cantly among the quartiles (table 1). After adjustment
for these parameters, impaired glucose metabolism was
significantly associated with %FVC (p<0.001), but not
with the FEV;/FVC ratio (p=0.80). Specifically, IGT
(p=0.04) and DM (p=0.008), but not isolated IFG
(p=0.28), were associated with %FVC (table 2).
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Frequencies of newly diagnosed prediabetes in subjects as NGT (n=560), but no subject developed DM. As
with NGT shown in table 3, there were significant differences in
After the observation period (mean+SD: 284  several parameters at baseline, including height, BMI,
+6.1 months), there were 44 subjects with isolated IFG  systolic blood pressure and %FVC, but not in FEV,/
and 58 with IGT among those previously categorised  FVC ratio.
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Figure 1 Incidences of newly
diagnosed prediabetes, isolated
IFG and impaired glucose
tolerance (IGT) according to
quartites of % FVC and the
FEV4/FVC ratio. The incidence of
prediabetes was significantly
associated with %FVC, but not
with the FEV,/FVC ratio (p=0.01).
Among subjects with prediabetes,
lower %FVC was significantly
associated with a higher
incidence of IGT (p=0.04), but not
of IFG (p=0.47).

Lung function parameters were divided into quartiles
according to baseline %FVC and the FEV;/FVC ratios.
Among the quartiles the parameters, including age, BMI
and systolic blood pressure, were significantly different
(data not shown). Both in the crude model and following
adjustment by age, BMI, packyear smoking and systolic
blood pressure, the development of prediabetes occurred
significantly more frequently in the lowest quartile of %
FVC, but not in that of the FEV/FVC ratio (table 4).
Among prediabetes, IGT, but not isolated IFG, was signifi-
cantly associated with %FVC, as in the baseline cross-
sectional analysis (table 4; figure 1).

DISCUSSION
In the baseline cross-sectional study, we found that a low
%¥FVC, but not a low FEV;/FVC ratio, was significantly

Prechabetes
S0 IGT
CJIFG

2FVC

FEV,/FVCratio

associated with increased prevalences of prediabetes and
DM. As lung function might be impaired by DM, a
causal effect of lung function on DM could not be estab-
lished by these data. Therefore, we also explored pro-
spectively the effect of lung function on the
development of newly diagnosed prediabetes in the
population with normal glucose metabolism, as evi-
denced by the results of an OGTT. We found that
reduced lung volume (%FVC), but not airflow limitation
(FEV,/FVC ratio), was significantly associated with the
future development of prediabetes.

This study demonstrated that IGT, but not IFG, was
closely associated with lower lung volume in both cross-
sectional and longitudinal settings. Our finding was
supported by previous studies conducted in an Asian
population with relatively low BMI but high smoking

4 Yamane T, Yokoyama A, Kitahara Y, et al. BMJ Open 2013;3:e002179. doi:10.1136/bmjopen-2012-002179
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prevalence.® ° In addition, such association between
lower lung function and impaired glucose metabolism
was also demonstrated in Western populations with
higher BMI but lower smoking prevalence, and the asso-
ciation had been shown to be independent of smoking
or obesity (refs. -6 for review ref. 7).

The mechanisms for the association are not clarified
at present. It has been suggested that IGT is caused
mainly by insulin resistance in the muscle, and IFG
mainly by insulin resistance in the liver.*® Reduced
lung volume is associated with reduced maximum
oxygen uptake, which may lead to poorer physical
fitness and physical activity, and thus result in insulin
resistance and DM.?*2® This may explain why IGT is
more closely associated with lung volume. Furthermore,
poorer lung function in adulthood may be due to low
birth weight or earlylife malnutrition,® *° both of
which have been reported to be associated with the
development of diabetes.”® Malnutrition as a neonate
may be an important early cause of cardiac and meta-
bolic disorders in adulthood as a consequence of fetal
programming.*® 28

This study had several limitations. The study popula-
tion was limited to men, owing to the fact that sufficient

female subjects were not available at the institute. The
occupational cohort used in this study may not be repre-
sentative of Japanese men in general. For example, the
prevalence rates of hypertension and hyperlipidaemia in
this cohort were 13% and 7%, respectively (data not
shown). The National Health and Nutrition
Examination Survey in Japan showed prevalence rate of
these in general Japanese men aged 40-60 years, in
general, were around 30% and 35%, respectively, sug-
gesting that our occupational cohort may be healthier.
Subjects taking medications, including simvastatin,
which have been shown to lower the risk of impaired
glucose metabolism were not excluded, although the dis-
tributions of %FVC and the FEV,/FVC ratio in those
taking drugs for hypertension, dyslipidaemia and hyper-
uricaemia were not significantly different from those of
subjects not on such medication.

In conclusion, this study provides evidence for a pro-
spective relationship between lung volume and the inci-
dence of newly diagnosed prediabetes among subjects
with normal glucose metabolism at baseline. Among sub-
jects with prediabetes, the study also suggests that lung
volume may be a risk factor for the development of IGT,
which is mainly caused by insulin resistance in the
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Positive association between the plasma levels of
5-hydroxyindoleacetic acid and the severity of
depression in patients with chronic obstructive
pulmonary disease
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Abstract

Background: The role of plasma monoamines in patients with chronic obstructive pulmonary disease (COPD) with
depression is unclear. To investigate monoamines in 20 depressed patients with COPD, the plasma concentrations
of serotonin, 5-hydroxyindoleacetic acid (5-HIAA), homovanillic acid, and 3-methoxy-4-hydroxyphenylglycol (MHPG)
were measured and compared with those in 50 non-depressed COPD patients, and also with 23 age- and
gender-matched non-smokers and 13 smokers as non-depressed healthy controls.

Methods: Diagnosis of depression was assessed using the Centre for Epidemiologic Studies Depression Scale.
Plasma concentrations of monoamines were measured by high-performance liquid chromatography.

Results: None of the depressed COPD patients had suicidal ideation. The plasma 5-HIAA level [median, (25% and
75% quartiles)] in depressed COPD patients [6.8 ng/mL, (4.9 and 13.1)] was significantly higher than in
non-depressed COPD patients [5.4, (4.2 and 7.5)] (p=0.022) and non-smokers [5.1 (3.8 and 7.2)] (p=0.041), but not
smokers [4.7, (4.0 and 6.7)] (p>0.05). The plasma 5-HIAA level (r=0.24, p=0.049) was significantly associated with the
severity of depression in patients with COPD. The plasma MHPG level was significantly higher in depressed COPD
patients (p=0.043) than in smokers, but was not higher than that in non-depressed COPD patients or non-smokers,
although the level of MHPG was not associated with the severity of depression.

Conclusion: The plasma 5-HIAA level is increased in depressed COPD patients. Plasma monoamines may be a
good biomarker for detection of depression in patients with COPD.

Keywords: COPD, Monoamine, Depression

\ J

Background

Chronic obstructive pulmonary disease (COPD) is
characterized by a chronic airflow limitation, and is
recognized as a major health problem responsible
for chronic morbidity and mortality worldwide [1].
Symptomatic COPD patients who have suffered pre-
vious repeated exacerbations have poor disease con-
trol and prognosis [2]. Improvement of symptoms

* Correspondence: kawayama_tomotaka@med. kurume-u.acjp

'Division of Respirology, Neurology, and Rheumatology, Department of
Medicine 1, Kurume University School of Medicine, 67 Asahi-machi, Kurume
830-0011, Japan
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and prevention of exacerbations may contribute to
an improvement of health-related quality of life
(HRQOL) and lower mortality for patients with COPD.

COPD patients often have psychological disorders,
including depression, and such patients tend to have
more frequent exacerbations and a poor prognosis
[3-7]. Recently, we demonstrated that depressed
COPD patients had a lower HRQOL and more fre-
quent exacerbations and hospitalizations those non-
depressed COPD patients [3]. The severity of depres-
sion in COPD is closely associated with suicidal
ideation [8,9].

© 2013 Sekiduka-Kumano et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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It is well known that depressive symptoms are associ-
ated with dysfunction of brain monoaminergic neurons,
and that the levels of serotonin (5-hydroxytryptamine
[5-HT]) released in the brain are linked to a decrease
in responsiveness to anti-depressants [10,11]. It is also
well known that the functions of monoamine and
monoamine oxidase are associated with smoking-related
diseases [12,13]. However, the relationship between levels
of plasma monoamines and their metabolites in patients
with COPD-associated depression is still unclear.

In the present study, we analyzed serotonin metabo-
lites to investigate possible biomarkers of depressed
COPD patients. Plasma homovanillic acid (HVA), 3-
methoxy-4-hydroxyphenylglycol (MHPG), 5-HT, and 5-
hydroxyindoleacetic acid (5-HIAA) were measured in
COPD patients who were depressed (depressed COPD)
and COPD patients who were not depressed (non-de-
pressed COPD), and also in age- and gender-matched
non-depressed nonsmokers and smokers as controls.

Methods
Participants
The subjects of this study were outpatients or healthy
volunteers. We randomly enrolled 70 patients with COPD,
and recruited 36 age- and gender-matched healthy con-
trols between September 1% 2009 and August 31* 2011 at
the Chest Disease Center of Kurume University Hospital,
Japan (Table 1). All of the patients analyzed had had stable
COPD for at least 4 weeks prior to blood tests. None had
received oral or injective corticosteroids or antibiotics for
4 weeks prior to the blood tests. Individuals with asthma,
bronchiectasis, interstitial pneumonia, tuberculosis, pneu-
moconiosis, ischemic heart disease, chronic heart disease,
renal or liver failure, active malignancies of any organs,
sleep apnea syndrome, and a presence and history of psy-
chological diseases such as major depression, bipolar dis-
order, or schizophrenia were excluded. Also excluded were
patients who had been taking anti-depressants, and pa-
tients who had a history of lung volume reduction surgery,
lung transplantation, or pneumonectomy. Patients with
central nervous system disorders and cerebrovascular dis-
eases were excluded on the basis of brain computed tom-
ography (CT) or magnetic resonance imaging (MRI)
examinations. Patients with COPD who were undertaking
respiratory rehabilitation, or receiving long-term oxygen
therapy and non-invasive positive pressure ventilation
were excluded, because these treatments are thought to
affect psychological status. We carefully excluded any sub-
jects with renal function disorders (serum creatinine levels
>1.2 mg/dL).

As reported previously [14,15], the sample sizes for the
patients with COPD and healthy controls were >70 and
>35, respectively, in plasma levels of monoamines, when
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the sample ratio was 1:2 (power = 80%; alpha error = 5%;
and beta error = 80%).

Study protocol

After the patients had provided written informed consent,
information on age, gender, smoking status (current-, ex-
or non-smoker), cumulative smoking history (pack-yrs),
body mass index (BMIL weight/height®), comorbidities,
and history of pharmacological treatments was obtained.
Each subject underwent blood tests, spirometry, electro-
cardiography, chest radiography, chest high-resolution CT
(HRCT), and brain CT or MRI. Spirometry and broncho-
dilator response tests were performed using an electronic
spirometer (Chestgraph Jr HI-101, CHEST Ltd., Tokyo,
Japan) in accordance with the American Thoracic Society
(ATS) recommendations [16]. A metered-dose salbutamol
(400 mcg/subject, GSK, Japan) inhaler was used as a bron-
chodilator, and bronchodilator response tests were per-
formed before and 30 min after salbutamol inhalation.
Predicted values of spirometry parameters were calculated
according to the prediction equations of the Japanese
Respiratory Society, as we have reported previously [17].
HRQOL was assessed using the validated Japanese St.
George’s Respiratory Questionnaire (SGRQ) [18,19]. The
SGRQ contains three subscales (symptoms, activity, and
impact), and the total score varies from 0 to 100 with a
higher score indicating a worse health status [19]. Dyspnea
was evaluated using the 5-grade (0 to 4) modified Medical
Research Council (mMRC) dyspnea scale [20]. Arterial
blood gas analysis was performed with each subject supine
breathing room air. After assessing the SGRQ, the mMRC
dyspnea scale, and the Centre for Epidemiologic Studies
depression (CES-D) scale (Purchased from Saccess Bell
Co., Ltd, Japan) for depression, all blood samples were
taken between 9:00 and 10:00 AM following 10 minutes
with the subjects supine. Samples were kept at -80°C until
analysis.

The study protocols (Approval No. 08091, May 29,
2009) were approved by the research ethics board of
Kurume University and written informed consent was
obtained from the internal review board and all
participants.

Diagnosis and severity of COPD

Diagnosis and staging of COPD were in accordance with
the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) guidelines [2], and included a post-
bronchodilator forced expiratory volume in 1 second/
forced vital capacity (FEV{/FVC) ratio of <70%, and
<200 mL and <12% reversibility of FEV; before and after
bronchodilator administration. Patients with COPD who
had a smoking history of 10 pack-yrs and over and also
had emphysematous changes in the lungs were selected
to carefully remove asthmatics. The emphysematous
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Table 1 Profiles of the four participant groups
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Parameter Control subjects COPD patients
Nonsmokers Smokers Non-depressed Depressed
Number of subjects 23 13 50 20
Age (y) 66.7 + 90 665+ 116 685 + 7.2 682+ 738
Gender® (no. of males; %) 15 (65.2) 12 (92.3) 47 (94.0) 14 (70.0)
Body mass index (kg/m?) 221424 230+28 219+ 3.1 198 + 38
Smoking status®
Non / Ex / Cu (no) 23/0/0 0/4/9 0/33/17 0/14/6
Smoke index (pack-yrs) 0 400+ 182" 593 + 303" 522+ 270"
Comorbidities®
Hypertension (no; %) 7 (304) 4 (308) 13 (260) 4 (20.0)
Diabetes (no; %) 5(21.7) 1(7.7) 11 (22.0) 6 (30.0)
Duration of COPD (yr) N/A N/A 53%39 55+ 44
GOLD stage®
1/0/ 0/ WV (no) N/A N/A 7/22/17/4 2/4/8/6
Lung function parameters
Before bronchodilator
FVC (L) 35+09 36+07 34+08 2709
%FVC 1085+ 170 1056 + 193 988 + 183 864 + 2221
FEV; (L) 2606 26+ 05 1506 1 11x077
%FEV, 1008 + 143 949 + 20.1 549 + 208" 448 + 2497
FEV,/FVC (%) 772469 738+52 444 + 127 410 + 16271
After bronchodilator
FVC (L) 34+09 35+07 34%08 26+ 10
%FVC 1080 + 174 1043 + 180 99.3 + 185 849 + 2357™
FEV, (L) 27406 27 +04 16406 T 124077
%FEV, 1030 + 155 965 + 199 564+ 208 T 453 + 250711
FEV, / FVC (%) 792 65 760+ 59 456+ 1347111 4231597
Reversibility of FEV; (%) 22+ 45 18+38 33+53 10+52
Arterial blood gases
Pa0, (Torr) 903+ 75 929+59 766 + 95 719 + 1397
PaCO, (Torr) 414432 417 +35 400 + 4.0 446+ 71%
mMRC dyspnea scale 0000 02+06 10+ 117 21+ 16718
SGRQ
Total score (units) 84+83 157 + 120 3261591 57.8 + 208"
Symptom score (units) 196 + 134 309 £ 189 408 + 21371 662 £ 167 119
Activity score (units) 60+ 7.1 209+ 172 429 + 24171 682 + 29.7 11T
Impact score (units) 62+ 100 80+ 99 213+1397"" 520+ 232710
CES-D scale 17429 25+ 31 85+ 527 245 607
Treatments for COPDP
LAMA (no; %) 0 0 33 (66.0) 16 (80.0)
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LABA (no; %) 0 0 21 (42.0) 10 (50.0)
ICS (no; %) 0 0 15 (30.0) 11 (55.5)
SRT (no; %) 0 0 7 (14.0) 4 (20.0)

All data were expressed as mean + SD and compared by one-way ANOVA and Tukey-Kramer test for multiple comparisons among the four groups.

? Data were compared among groups by chi-squared test for trend.

® Data were compared between depressed and non-depressed COPD patients by Fisher's exact test. Numbers of non-depressive and depressive COPD patients
who used salmeterol and fluticasone devices in combination were 13 and 10, respectively. Some patients were taking multiple medications.

* p<0.05, ** p<0.01, and *** p<0.001 vs. nonsmokers.
t p<0.05, 1 p<0.01, and t1t p<0.001 vs. smokers.
# p<0.05, § p<0.01, and 1 p<0.001 vs. non-depressed COPD patients.

Non, non-smokers; Ex, ex-smokers; Cu, current smokers; GOLD, Global Initiative for Chronic Obstructive Lung Disease; FVC, forced expiratory capacity; FEV,, forced
expiratory volume in 1 second; PaO,, partial pressure of arterial oxygen; PaCO,, partial pressure of arterial carbon dioxide; mMRC, modified Medical Research
Council; SGRQ, St George’s respiratory questionnaire; CES-D, Center for Epidemiological Studies depression scale; LAMA, long-acting muscarinic receptor
antagonist; LABA, long-acting 3, agonist; ICS, inhaled corticosteroid; SRT, slow-release theophylline; N/A, not available.

changes were visually recognized as low-attenuation
areas by chest HRCT [21].

Diagnosis of depression

Diagnosis of depression was assessed using the validated
Japanese CES-D scale. The cut-off point for depression
was CES-D >16 [22,23] and a CES-D score was assessed
for each subject. The results of the CES-D score were
not opened until this study was completed. Therefore,
physicians did not know the psychological conditions of
each subject. In this study, patients with a CES-D score
of > 16 were a subgroup of “depressed” COPD patients.
For the purpose of this study, “depression” means pos-
sible “depression” as determined by the CES-D score.

Measurement of plasma monoamine levels

Plasma levels of 5-HT, 5-HIAA, HVA, and MHPG were
measured by high-performance liquid chromatography
(SRL Inc., Tokyo, Japan), as previously reported [15,24-26].
The lowest detection limits for 5-HT, 5-HIAA, HVA, and
MHPG were 0.01 ug/ml, 1.8 ng/mL, 44 ng/ml, and
3.2 ng/mlL, respectively, and for statistical analysis one half
of the lowest value was assigned if the value was below the
detection limit.

Statistical analyses

Data analyses were performed using JMP version 7 (SAS
Institute, Inc, Cary, NC). Data for the subjects were
expressed as the mean + standard deviation (SD), and
data for plasma monoamine levels were expressed as the
median, and 25% and 75% quartiles. Statistical analyses
were performed using parametric Student’s ¢ test for
comparison between two groups, or one-way analysis of
variance (ANOVA) and Tukey-Kramer test for multiple
comparisons among four groups. Correlations were ana-
lyzed by parametric or non-parametric Spearman’s tests.
Differences between groups were evaluated using the
chi-squared test for trend and Fisher’s exact test. The
level of significance was set at P <0.05.

Results

Subject characteristics

A total of 106 subjects participated in the study and the
characteristics of the four groups, namely the 23 non-
smokers and 13 smokers (as age- and gender-matched
non-depressed healthy controls), and 50 non-depressed
and 20 depressed COPD patients, are compared in Table 1.
The depressed subjects without COPD were not enrolled
in the study. None of participants, including the depressed
COPD patients, had any history of attempted suicide.

The control subjects were 23 non-, 4 Ex-, and 9
current smokers, whereas the number of non-, Ex-, and
current smokers were zero, 57, and 23 in patients with
COPD (p<0.001). There was no significant difference in
the smoke index among smokers, and non-depressed,
and depressed COPD patients. There were no significant
difference in the populations of subjects with hyperten-
sion and diabetes among nonsmokers, smokers, and,
non-depressed, and depressed COPD patients (p>0.05).
All the subjects with hypertension had been taking anti-
hypertensive medications whereas the numbers of non-
smokers, smokers, non-depressed, and depressed COPD
patients taking anti-diabetes medications were 5, 1, 7
and 4, respectively.

In COPD, there was no significantly difference in dur-
ation of COPD between non-depressed and depressed
COPD patients (p>0.05). The depressed COPD patients
trended to have more progressive GOLD stages than the
non-depressed patients but there was no significant differ-
ence in the populations of GOLD stage I (14% vs 10%), 11
(44% vs 20%), 11 (34% vs 40%), and IV (8% vs 30%) be-
tween two groups (p>0.05 by Chi-square test for trend).

Lung function tests showed that he depressed COPD
patients had significantly lower FVC and %FVC than the
non-depressed patients both before and after broncho-
dilator use, although both depressed and non-depressed
COPD patients had significantly lower FEV;, %FEV; and
FEV{/FVC both before and after bronchodilator use than
non-smokers and smokers, respectively (all p<0.001).
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However, there was no difference in the reversibility of
FEV, after bronchodilator use among the four groups.

Arterial blood gas analysis showed that the depressed
COPD patients (p<0.05) had significantly more severe
hypercapnia than the non-depressed patients, whereas
both depressed (both, p<0.001) and non-depressed COPD
patients (both, p<0.001) had significantly more severe hyp-
oxia than the non-smokers and smolkers, respectively.

Depressed COPD patients had significantly higher
mMRC dyspnea scales (p<0.05) and lower HRQOL scores
(p<0.05) than the non-depressed patients, although both
the depressed (both, p<0.001) and non-depressed COPD
patients (both, p<0.001) had significantly higher MRC dys-
pnea scales and lower HRQOL scores than the non-
smokers and smokers, respectively.

In managements for COPD, all patients with COPD were
receiving vaccinations for seasonal and HIN1 influenza
virus and the numbers of depressed and non-depressed
COPD patients who had been receiving pneumococcal
vaccination within 5 yrs before recruitment were 13 and 8,
respectively. There was no significant difference in the ratio
of regular use of ICS, LAMA, LABA, and SRT between
non-depressed and depressed COPD patients (p=0.061,
p=0.387, p=0.601, and p=0.717, respectively. The effects of
ICS on psychological and mood status could not be di-
rectly determined, as the study was not designed to in-
clude a period for wash-out of each controller for COPD.

Plasma monoamine levels

Plasma 5-HIAA levels [median, (25% and 75% quartiles)]
in the depressed COPD patients [6.8 ng/mL, (4.9 and
13.1)] were significantly higher than in the non-depressed
patients [5.4, (4.2 and 7.5)] (p=0.022) and non-smokers
[5.1 (3.8 and 7.2)] (p=0.041), respectively, but were not
significantly higher than in the smokers [4.7, (4.0 and 6.7)]
(Figure 1).

Median (25% and 75% quartiles) plasma 5-HT levels
in the non-smokers, smokers, and non-depressed and
depressed COPD patients were 0.06 pg/mL (0.04 and
0.09), 0.05 (0.04 and 0.08), 0.06 (0.03 and 0.08), and 0.06
(0.02 and 0.09), respectively. The differences among the
four groups were not significant (Figure 1).

Median (25% and 75% quartiles) plasma HVA levels in
the non-smokers, smokers, and non-depressed and de-
pressed COPD patients were 12.8 ng/mL (11.0 and 14.8),
11.8 (10.3 and 21.3), 14.8 (11.1 and 20.9), and 15.7 (9.9
and 22.2), respectively. The differences among the four
groups were not significant (Figure 1).

Plasma MHPG level [median, (25% and 75% quartiles)]
in the depressed COPD patients [6.8 ng/mL, (5.2 and 8.7)]
(p=0.043) was significantly higher than in the smokers
[4.6, (4.3 and 5.5)]. There was no significant difference in
plasma MHPG level between the depressed COPD pa-
tients and either non-smokers [5.7 (4.7 and 7.2)] or non-
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depressed COPD patients [6.7, (4.1 and 8.2)] (p>0.05), re-
spectively (Figure 1).

To investigate seasonal effects in plasma 5-HIAA levels,
plasma obtained in four seasons, spring (March-May),
summer (June-August), fall (September-November), and
winter (December-February), were measured. Number of
all subjects and COPD patients in four seasons were 17
and 10, 34 and 27, 25 and 16, and 30 and 17, respectively.
There was no significant difference in median plasma 5-
HIAA [6.7 ng/mL (5.1 and 7.6) in spring, 5.3 ng/mL (4.3
and 7.4) in summer, 5.9 ng/mL (3.9 and 10.6) in fall, and
5.4 ng/mL (3.7 and 8.2) in winter, respectively, p>0.05].

The plasma levels of 5-HT, 5-HIAA, HVA, and MHPG
were not associated with age and there was no significant
difference in those plasma levels between male and female.

Correlation between plasma 5-HIAA level and total CES-D

scales in patients with COPD

Plasma level of 5-HIAA (r=0.24, p=0.049), but not that of
5-HT (r=-0.06, p>0.05), HVA (r=0.19, p>0.05), or MHPG
(r=0.14, p>0.05), was significantly associated with total
CES-D scales in patients with COPD (Figure 2).

Correlation between plasma 5-HIAA level and BMI, lung
function, arterial blood gas parameters, and total SGRQ
score in patients with COPD

There was a significant correlation between BMI and
plasma MHPG (r=-0.24, p=0.041), but not 5-HIAA (r=-
0.21, p>0.05), 5-HT (r=0.07, p>0.05), HVA (r=-0.09,
p>0.05), and MHPG (r=-0.24, p=0.041) level in COPD
patients.

Plasma 5-HIAA and MHPG level showed significant
negative associations with %FVC, %FEV, and partial pres-
sure of arterial oxygen (PaO,), and positively associations
with partial pressure of arterial carbon dioxide (PaCO,)
and total SGRQ scores. There was no significant correl-
ation between the plasma 5-HT level and lung function,
arterial blood gas parameters, or total SGRQ scores.
Plasma HVA level showed a significant negative associ-
ation with %FEV; and PaO,, and a positive association
with PaCO, and total SGRQ scores (Table 2).

Correlation between lung function, total SGRQ scores and
total CES-D scales in patients with COPD

The %FEV, showed a significant negative association with
total SGRQ scores (r=-0.69, p<0.0001) and total CES-D
scales (r=-0.27, p=0.025) in patients with COPD. The PaO,
(r=-0.53, p<0.0001) and PaCO, (r=0.44, p=0.0002) showed
a significant association with total SGRQ scores. Interest-
ingly, there was no correlation between PaO, (r=-0.21,
p>0.05) and PaCO, (r=0.22, p>0.05) and total CES-D scales
in COPD patients.
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Figure 1 Plasma monoamines levels. All data are expressed as plots and boxes with median and 25% and 75% quartiles (error bars 10% to
90%). The numbers of plasma samples taken from non-smokers, smokers, and non-depressed and depressed patients with COPD were 23, 13, 50,
and 20, respectively. 5-HIAA, 5-hydroxyindoleacetic acid; 5-HT, serotonin; HVA, homovanillic acid; MHPG, 3-methoxy-4-hydroxyphenylglycol.

Discussion

To our knowledge, this is the first study to have mea-
sured the plasma levels of monoamines and their metab-
olites in depressed patients with COPD. Our present
results demonstrated that depressed patients with COPD
had significantly higher plasma 5-HIAA levels than non-
depressed COPD patients and non-smokers. The plasma
5-HIAA levels also showed a significant positive correl-
ation with the severity of depression in the patients with
COPD. Our present results support those of a previous
study demonstrating that the plasma 5-HIAA levels were
significantly increased in patients with depression rela-
tive to control subjects, and that the plasma 5-HIAA
levels were positively related to the severity of depres-
sion [14]. Previous studies have shown that the level of
5-HIAA in cerebrospinal fluid (CSF) was positively asso-
ciated with the severity of depression in abstinent

alcoholics, and that treatment with the antidepressant
fluoxetine decreased both the CSF 5-HIAA levels and
the mean Hamilton depression rating scale score [27,28].
Other studies have demonstrated that decreased CSF 5-
HIAA levels were associated with attempted suicide in
patients with depression, and that non-impulsive suicide
attempters had higher plasma 5-HIAA levels than im-
pulsive suicide attempters [15,29,30]. In the COPD pa-
tients we analyzed, increased plasma 5-HIAA levels were
also associated with poor lung function, hypoxia and hy-
percapnia. Poor lung function is closely correlated with
a poor HRQOL, and may result in depression. In COPD
patients it has been shown that hypoxia and/or hyper-
capnia induces oxidative stress and results in an increase
of reactive oxygen species (ROS) throughout the whole
body including the lungs, brain, and muscles [1-5].
Therefore, it is possible that ROS may have a direct or
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