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Objectives: The current study investigates heart rate variability (HRV) responses to a psychosocial stressor in
Chronic Obstructive Pulmonary Disease (COPD) patients, and the potential role of anxiety as a confounding
factor in this relationship. Additionally, this study also investigates the influence of anxiety on sleep and
depressive symptoms among COPD patients.
Methods: The study utilized a 2 (disease status)×2 (anxiety group) factorial design examining HRV associated
with anxiety symptoms and COPD during a standardized acute social stress task. Participants (mean age
59.1 ± 11.2 years; 50% female) completed pulmonary function testing, HRV monitoring, and self-report
questionnaires assessing psychological factors. 30 COPD patients were age- and gender-matched with 30 healthy
controls.
Results:HRV response to a psychosocial stressor among participants with higher anxiety (both COPD and healthy)
reflected autonomic dysregulation in both time and frequency domains that was not evident among non-anxious

participants. COPD participants with higher anxiety reported greater symptoms of depression and poorer sleep
quality than did COPD participants with low anxiety.
Conclusions: Anxiety is associated with dysregulated HRV response to a psychosocial stressor, but the negative
influence of anxiety and COPD on autonomic function did not appear to be additive. Comorbid anxiety in
patients with COPD is associated with increased behavioral and psychological symptoms of distress.
© 2013 Elsevier Inc. All rights reserved.
Introduction

Anxiety is one of the most common psychiatric symptoms among
patients with Chronic Obstructive Pulmonary Disease (COPD) [1–5].
Anxiety associated with COPD may exacerbate physical symptoms
such as dyspnea [6,7]. Additionally, patients with both chronic medi-
cal illness and comorbid mental illness are more functionally disabled
than patients who have either a chronic medical illness or a mental
illness alone, and past research has revealed a relationship between
psychiatric comorbidity and functional status among patients with
COPD [2,3,8–11]. Patients with less psychological distress also will
participate more actively in therapies and will subsequently benefit
more, leading to enhanced physiological outcomes [3].

Several prior studies suggest that autonomic dysfunction may be
more common in COPD patients than among healthy controls,
although prior studies do not provide conclusive evidence [12–17].
artment of Psychology, United
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Volterrani et al. found overall decreased global heart rate variability
(HRV), a marker of autonomic dysfunction, in COPD patients com-
pared to healthy controls at rest, during controlled breathing, and
during passive orthostatic conditions (indicated by the standard devi-
ation of RR interval) [17]. Stein et al. found decreased high frequency
HRV (HF-HRV) in COPD patients compared to healthy controls only
during daytime, but not nighttime or during 24-hour recordings.
Bedard et al. found reduced HRV in COPD patients compared with
healthy controls during daytime, nighttime, and also for 24-hour
recordings (measured by low frequency/high frequency (LF/HF)
ratio), but no difference in resting HF-HRV when comparing COPD
patients to healthy controls [12].

Despite the results indicating decreased HRV in COPD patients, other
studies have found increased parasympathetic activity in COPD patients.
The majority of these studies investigated the responses to sympathetic
or parasympathetic stimuli among COPD patients compared to healthy
controls. In the Volterrani et al.'s [17] study, COPD patients demonstrat-
ed elevations in standardized HF-HRV at rest and also in response to
sympathetic stimuli, indicating increased parasympathetic activity com-
pared to controls. Similarly, Bartels et al. [18] found significantly in-
creased HF modulation of HRV accompanied with decreased LF/HF
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ratio from rest to peak exercise (bicycle ergometry) among patients
with COPD but not among healthy controls.

Autonomic dysregulation indexed by decreased HRV may help
explain elevated levels of anxiety and depression in COPD patients.
Additionally, patientswith anxiety disorders and anxiety symptoms, in-
cluding panic anxiety, generalized anxiety disorder, and panicogenic
manipulations, may exhibit reduced HRV [19–30], suggesting that re-
duced HRV may be a physiological marker linked with clinical anxiety.
However, no prior studies of COPD and HRV studies cited above
[16–18] have addressed the role of anxiety in the relationship between
COPD and autonomic dysregulation.

Although research to date is equivocal regarding the presence of au-
tonomic dysregulation in COPD patients, it is important to determine
the degree to which autonomic dysregulation may be a component in
the pathophysiology of COPD, contributing to the exacerbation of
symptoms (coughing and dyspnea) as well as poor emotion regulation
(symptoms of anxiety). This study examined HRV response during an
acute psychosocial stress task among COPD patients with and without
anxiety compared to healthy controls with and without anxiety.
Additionally, psychological variables were examined to compare sleep
complaints and depressive symptoms in COPD patients with and
without anxiety.

In this study, “autonomic regulation” was operationalized as mean
interbeat intervals (mean RR) decreasing in response to a psychosocial
stressor, and increasing during a Recovery phase. Any patterns that devi-
ated from this expected response were operationalized as “autonomic
dysregulation”.

Four groups of participants were included: COPD patients with el-
evated anxiety (COPD-ANX), COPD patients without anxiety (COPD),
healthy individuals with elevated anxiety (HEA-ANX), and healthy
individuals without elevated anxiety (HEA).

Three primary hypotheses were evaluated: (1) The COPD-ANX group
would exhibit autonomic dysregulation measured by HRV over and
above any dysregulation of the other three groups (COPD, HEA,
HEA-ANX) in response to a psychosocial stressor; (2) Both anxious
groups (COPD-ANX and HEA-ANX) would have elevated state anxiety
at baseline and a blunted response of anxiety following a psychological
stressor; and (3) The COPD-ANX group would report higher levels of
sleep complaints and depressive symptoms compared to the COPD
group.

Methods

Participants

Sixty-nine individuals responded to the recruitment efforts and
consented to the procedure. However, six individuals were ineligible
for the study because group quotas had been met. Of the 63 remaining
participants, two individuals completed the study but did not meet
criteria for COPDandwere excluded fromanalyses. One individual com-
pleted the study butwas excluded from analyses due toHRV equipment
malfunction. Therefore, 60 participants comprised the final sample,
with 15 participants in each of the four experimental groups: COPD,
COPD-ANX, HEA, and HEA-ANX.

Participants were recruited from the pulmonary rehabilitation pro-
gram at Ohio State University (OSU) and from the Columbusmetropol-
itan area. This study was approved by the institutional review board at
OSU. All participants with COPD had had a physician diagnosis of COPD
for at least 3 months. All diagnostic criteria were consistent with the
GOLD standard [31] [indicated by forced expiratory volume in one sec-
ond/forced vital capacity b .70 (FEV1/FVC b .70) and FEV1% predicted
b .80].

Participants were excluded if they were pregnant, taking beta-
antagonistmedication, or had a history of cardiovascular disease. Partic-
ipants with COPDwhowere eligible for the study werematched by age
(±2 years) and gender to healthy individuals.
Procedure

Following written consent, participants completed the State-Trait
Anxiety Inventory — State version to identify high and low anxiety
groups (COPD, COPD-ANX, HEA, HEA-ANX). The cut-off score was a
standard clinically relevant value of 39 [32]. The target number of indi-
viduals in each groupwas 15, and individualswere deemed ineligible to
participate after consenting to the study if the quota for a group had
been met. Eligible participants then completed pulmonary function
testing and were fitted with HRV monitoring equipment to be worn
throughout the remainder of the experimental protocol.

The study was divided into three phases: Baseline, Task, and Recov-
ery, as shown in Fig. 1. At Baseline, all participants completed a packet of
self-report questionnaires. Following the questionnaires, participants
remained sitting quietly for 5 min to obtain a stable measure of HRV
at rest. After quiet sitting, participants read aloud a neutral script
about doing laundry. Participants were asked to stop reading the neu-
tral script after 1 min. During the Task phase, participantswere exposed
to the stressor task. A modified version of the Trier Social Stress Test
(TSST) [33] was used for this study.

For the modified TSST, the participant viewed videotaped instruc-
tions indicating that the participant would need to deliver a speech on
a specified topic, and would be given 2 min to prepare. The participant
was informed that the speechwould be videotaped and that the speech
should be 5 min long. When the taped instructions said “Please take
2 min now to construct your speech”, a stopwatch was set for 2 min.
After 2 min, the participant stood in front of the video camera, the
video camera was switched on, and the participant delivered the
speech. If the participant remained silent for more than 20 s during
the speaking period, the participant was prompted to continue speak-
ing until the task was terminated.

During the Recovery phase, each participant completed a post-
stressor questionnaire of state anxiety. The participant then listened
to relaxing music for 20 min.
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Physiological recording

A Polar S810i Fitness watch (Polar Electro, Finland; www.polar.fi/
en/) was used to measure continuous R-to-R intervals using a thorac-
ic band, which transmits and stores IBI at 1000 Hz on a wristwatch.
Two previous validation studies [34,35] have compared the S810i
with standard ECG recordings during supine rest, walking, and
exercise. Both studies concluded that time- and frequency-domain
estimates of HRV obtained from IBI time series from the S810i versus
a standard ECG system had very good intra-class correlation coeffi-
cients and limits of agreement.

The IBI time series for periods of interest were processed using the
Kubios HRV Analysis Software (version 2.1; http://kubios.uku.fi/)
which calculates HRV parameters in both time and frequency
domains per the Task Force Guidelines for HRV [36]. A single experi-
enced rater, blinded to subject group membership, performed the
HRV analyses. Within each of the TSST periods (Baseline, Task, Recov-
ery), a single window of 132 to 250 s was selected (avoiding period
boundaries) to yield the least amount of artifact correction (piecewise
cubic spline interpolation) and trend component removal (smooth-
ness priors) performed by Kubios (i.e., the segment requiring the
least amount of adjustment for nonstationarity) [36,37]. A 2×2×3
mixed-factorial ANOVA revealed no significant differences in segment
length as a function of disease status [F (1, 53) = .021, p = .886],
anxiety group [F (1, 53) = .02, p = .899], or phase [F (2106) = .61,
p = .544].

Three outcome measures were calculated from the IBI data within
each TSST period. In the time domain, mean IBI (mean RR) and the
natural log (ln) transformed value of the standard deviation of the
IBI series (SDNN) were calculated. SDNN was used as a measure of
global HRV, which has been used in previous studies with COPD pa-
tients [17].

As reviewed in the previous studies, in the frequency domain, spec-
tral power estimates are obtained by integrating the autoregressive
(AR) power spectrum after factorizing the spectrum into a low-
frequency and high-frequency component [36,38]. Because of the fast
breakdown of acetylcholine, PNS modulation of the heart is fast and
short-lived. Thus, the power in the high-frequency (HF) band
(.15–.4 Hz) is dominated by PNS activity. The power in the low-
frequency (LF) band (.04–.15 Hz) is considered to reflect joint activa-
tion of the PNS and SNS [36]. In the present study, only the vagally
mediated HF component was analyzed. The advantages of an AR solu-
tion are the smoother spectral components that are independent of
pre-specified frequency bands, clear central frequencies of each
component, and an accurate estimation of power spectral density
even on a small number of (stationary) samples [36]. Furthermore,
the central frequency of the HF component has been shown to serve
as a surrogate for respiration rate (i.e., frequency in Hz × 60 = RR)
[39], and was calculated here.

Self-report measures included the following assessments of health
behavior and psychological distress:

Smoking history
Participants provided detailed information about lifetime duration

and amount of cigarettes smoked. Pack-years of smoking (number of
packs of cigarettes smoked per day×number of years smoked this
amount)was calculated as a cumulativemeasure of exposure to smoking.

Sleep
Sleep disturbance has been indicated to affect over 50% of COPD

patients, which subsequently diminishes quality of life and increases
disease burden [40]. To evaluate sleep disturbance, participants com-
pleted the Pittsburgh Sleep Quality Index (PSQI) [41], a self-report
questionnaire assessing sleep quality and disturbances over a
one-month interval. The scale yields a total score that ranges from 0
to 21, with higher scores indicating more difficulties with sleep. A
global score greater than 5 indicates a poor sleeper.

Anxiety
The State-Trait Anxiety Inventory, (STAI-X1) State version [32] is a

20-item measure of state anxiety. Items on the State version include
statements such as “I feel upset” and “I ampresentlyworrying over pos-
sible misfortunes” rated on a scale of 1 to 4. For all items, respondents
indicate how they are feeling at the present moment. The STAI has
demonstrated adequate reliability in older adults (α = .94; 59). Inter-
nal reliability for this sample was excellent (Cronbach's alpha = 0.94).

Depression
The Center for Epidemiological Studies Depression Scale (CESD) [42]

is a 20-item measure of symptoms of depression. Respondents rate
symptoms of depression during the past week on a 4-point scale. A
CESD score of 16 or greater is indicative of depressive symptomatology.
The CESD demonstrates internal consistency with α = .85. Internal
reliability for this sample was excellent (Cronbach's alpha = 0.93).

Pulmonary functioning
Standard pulmonary function testing equipment (Koko Legend

Portable Spirometer) was used to determine the volume of expired
air, after a maximum inspiration, as well as the flow rate of air. All
pulmonary function testing adhered to American Thoracic Society
guidelines [43,44]. Common diagnostic measurements include both
FEV1 and FVC, measured in liters. Degree of COPD was characterized
for each patient by the percent predicted FEV1 (according to norms
for age, race, sex, and height), and by the ratio FEV1/FVC.

Data analysis

The current study utilized a 2×2 factorial design to compare the
four groups of participants: COPD patients with elevated anxiety
(COPD-ANX), COPD patients without anxiety (COPD), healthy indi-
viduals with elevated anxiety (HEA-ANX), and healthy individuals
without elevated anxiety (HEA). For our first hypothesis, the primary
mode of data analysis for HF-HRV and state anxiety was a 2×2×3
(disease status×anxiety group×phase) repeated measures ANOVA
with disease state (COPD vs. non-COPD) and anxiety group (anxious
vs. non-anxious) as between subject variables and phase (Baseline,
Task, Recovery) as the within subjects variable. We performed
pre-planned trend analyses of the pattern of response among the
groups, as Baseline–Task–Recovery paradigms such as the TSST are
likely to elicit distinctive patterns of response in HRV [45,46]. Thus,
a series of linear and quadratic pre-planned contrasts were
performed to characterize responses across groups, as noted in the
Introduction. Post-hoc analyses included respiratory frequency (RF)
as a covariate for all the HRV analyses.

To control for multiple testing, a sequentially rejective Bonferroni
test was used within the RR, SDNN, and HF analyses. This method
involves arranging the number of planned comparisons according to
p-values, and testing the smallest p-value against alpha (α; 0.05)
divided by the number of comparisons (j) within each family. If and
only if this comparison was significant, we proceeded to test the
next smallest p-value against α / (j − 1).

This method conservatively protects each test performed, and the
conditional nature of the procedure leads to a multiplicative, rather
than additive compounding of error probability [47].

For the second hypothesis, a 2 (group: COPD, COPD-ANX, HEA,
HEA-ANX) × 2 (phase: Baseline and Recovery) repeated measures
ANOVA was conducted for state anxiety with group affiliation as the
between subject variables and phase as the within subject variable.

For the third hypothesis, pre-planned tests of group differences in
depression and sleep quality were performed. A one-way ANOVAwas
conducted for pulmonary functioning and psychological variables

http://www.polar.fi/en/
http://www.polar.fi/en/
http://kubios.uku.fi/


Table 1
Demographic characteristics of participants

COPD (n = 30)
M (SD) or N (%)

Healthy (n = 30)
M (SD) or N (%)

Age 59.1 (11.24) 59.2 (11.28)
Years of education 14.37 (2.7) 16.0 (3.5)
Years since diagnosis 4.9 (3.5) –

Income 26,600 (21,500) 31,700 (27,600)
Gender

Male 15 (50) 15 (50)
Female 15 (50) 15(50)

Race
CA 17 (56.67) 23 (76.67)⁎⁎⁎

AA 12 (40) 4 (13.33)
Hispanic 0 (0) 1 (3.33)
Asian 1 (3.33) 2 (6.67)

Marital status
Single 6 (20.7) 5 (16.7)
Married 10 (34.5) 9 (30)
Divorced/separated 10 (34.5) 13 (43.3)
Widowed 3 (10.3) 3 (10)

Smoking status
% current smoker 12 (40) 2 (6.7)⁎⁎

FEV1 1.45 (0.67) 2.79 (0.81)⁎⁎⁎

FEV1% 54.03 (22.11) 94.73 (19.99)⁎⁎⁎

FVC 2.29 (.094) 3.4 (1.01)⁎⁎⁎

FVC% 65.40 (20.77) 88.80 (18.10)⁎⁎⁎

FEV1/FVC 0.63 (0.15) 0.82 (0.06)⁎⁎⁎

GOLD criteria
Stage I 4 (13.3)
Stage 2 13 (43.3)
Stage 3 9 (30)
Stage 4 4 (13.3)

% use of prescribed medications 30 (100) 22 (73.3)

Abbreviations: COPD = Chronic Obstructive Pulmonary Disease; CA = Caucasian;
AA = African American; FEV1 = Forced Expiratory Volume in one second; and FVC =
Forced vital capacity;
Note.
M = Mean.
SD = Standard Deviation.

⁎ p b .05.
⁎⁎ p b .01.

⁎⁎⁎ p b .001.
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evaluating differences within disease status (COPD vs. COPD-ANX)
and anxiety group (COPD-ANX vs. HEA-ANX). Post hoc analyses
with Tukey's HSD were used to analyze group differences.

Results

Participantswere asked to refrain fromsmoking, consuming alcohol or caffeine, or taking
anxiolytic medication 24 h prior to participating in the study to avoid confounding of HRV
measurements. Participants with COPD were asked to refrain from taking β2-agonist
inhalers 6 h prior to the study to avoid confounding of HRV measurements.

Mean age of participants was 59.1 (±11.2) years (50% female). Participants with
COPD presented with moderately severe disease, indicated by a mean FEV1% predicted
of 54.03 (±22.11) and a FEV1/FVC ratio of 0.63 (±0.15). Additional demographic
information and baseline pulmonary function values of the sample are summarized
in Table 1.

Participants with COPD (in the COPD and COPD-ANX groups) did not differ from
the healthy controls (in the HEA and HEA-ANX groups) with regard to age, gender,
marital status, income, or education (p-values ≥ .05). As expected, there were differ-
ences in pulmonary functioning among the two groups (p-values b .001). There
were also significant racial differences between the groups.

To ensure that changes in heart rate were not due to production of speech during
the Task phase, independent t-tests for HRV in both time and frequency domains
between the resting baseline and baseline reading task (i.e., the 1-minute script
about laundry) revealed no significant differences in mean RR, SDNN, and HF-HRV.

TSST physiological measures1

Fig. 2 depicts HRV values in both the time and frequency domain for the four
groups across the Baseline, Task, and Recovery phase, plotted separately by disease sta-
tus. For HF-HRV, three subjects had a single period in which the autoregressive HF-HRV
1 There were no significant differences at baseline between groups for any HRV
variables.
estimate was 0. These three “missing” values were replaced with the group mean for
that period (based on the mean of the remaining 14 participants) to avoid having
different degrees of freedom across measures (or eliminating those three subjects
across all measures).

Mean RR2

There was a significant main effect of Task phase on mean RR, characterized by both a
quadratic [Fquad (1, 56) = 215.42, p b .0001] and a linear [Flin (1, 56) = 47.35, p b .0001]
trend, with Recovery having a slower mean IBI than Baseline. As shown in Fig. 2a (with sta-
tistics in Table 2), these two trendswere consistent across all four groups (COPD, COPD-ANX,
HEA, and HEA-ANX).

SDNN3

Across all subjects, a significant linear trend [Flin (1, 56) = 14.86, p b .001], but not
a significant quadratic trend [Fquad (1, 56) = 1.12, p = .295] was present. As evident
in Fig. 2b (cf. Table 2), this difference was the result of significant linear trends only
in the high anxiety groups (both HEA and COPD).

HF-HRV
Consistent with mean RR, both quadratic [Fquad (1, 56) = 7.38, p = .009] and lin-

ear [Flin (1, 56) = 19.78, p b .0001] trends were present in the full data set. As seen in
Fig. 2c (cf. Table 2), linear effects were more pronounced for both HEA-ANX and
COPD-ANX than their non-anxious counterparts.

All pre-planned comparisons continued to be significant after using sequentially
rejective Bonferroni test to control for family-wise error within each family of HRV
variables (mean RR, SDNN, HF-HRV).

A post-hoc analysis using smoking status and usage of prescribed medications as a
covariate was conducted for HRV variables. Both smoking status and number of
medications were not statistically significant in all trend analyses for all four groups
(p-value ≥ .09).

TSST psychological measures

State anxiety was measured at Baseline and immediately after the Task. Repeated
measures ANOVA revealed significant time [F (3, 60) = 18.24, p b .001] and group [F
(3, 60) = 2.59, p b .001] effects, and a non-significant interaction [F (3, 60) = 2.59,
p = .06]. Tukey's HSD revealed significant differences between the anxious and
non-anxious groups (p b .001). Thus, state anxiety increased significantly from
Baseline to Task following a psychological stressor in the COPD and HEA group
(non-anxious groups), but the COPD-ANX and HEA-ANX groups (anxious groups)
had an elevated state anxiety at Baseline and did not show an increase following the
psychological stressor (see Fig. 2d).

There were no significant differences between the COPD-ANX and HEA-ANX group
in pack-year history and depression (p-values ≥ .1), as shown in Table 3. However, the
COPD-ANX group reported lower overall sleep quality [t = 2.74, p = .01] than the
HEA-ANX group.

The COPD group and the COPD-ANX group did not differ in disease severity
(t = − .10, p = .91), but the COPD group had a higher pack-year history (t = 2.45,
p = .02) compared to the COPD-ANX group, as shown in Table 4. The COPD group
also exhibited less distress than the COPD-ANX group, with lower scores on the CESD
(t = −4.18, p b .001) and lower scores on the PSQI (t = −3.49, p = .002).

Discussion

This study is the first to examine the mediating role of anxiety in the
autonomic dysregulation accompanying COPD. Participants with higher
anxiety (both COPD and healthy) displayed similar HRV response
patterns in both the time (SDNN) and frequency (HF-HRV) domains,
that differed significantly from their non-anxious counterparts. These
findings suggest that anxiety may function as a confounding factor
when characterizing HRV response to a psychosocial stressor.

All four groups displayed strong quadratic trends for mean RR.
These differences can also be appreciated visually (see Fig. 2), by
examining the strong “overlap” of error bars during the Baseline
and Recovery stages (i.e., reflecting similar levels of activity at the
group level). For SDNN and HF-HRV, by contrast, only the healthy
non-anxious group displayed overlapping error bars for SDNN and
HF-HRV. In the other three groups, Recovery values were substantial-
ly higher than Baseline values (especially in the case of HF-HRV). This
indicates that anxiety (both in COPD and healthy participants) was
There were no significant interactions between the trends and disease status or
anxiety group for mean RR.

3 There were no significant interactions between the trends and Disease Status or
Anxiety group for SDNN.



650

700

750

800

850

900

2.5

2.7

2.9

3.1

3.3

3.4

3.6

3.8

4.0

4.2

4.4

4.6

4.8

Healthy COPD

Not anxious
Anxious

Base BaseSpeech SpeechRecovBase Speech RecovBase Speech Recov

Base Speech RecovBase Speech Recov

Recov

M
ea

n
 R

R

S
D

N
N

H
F

-H
R

V

Healthy COPD

Healthy COPD

20

30

40

50

60
Healthy COPD

Base RecovBase Recov
S

T
A

I-
X

1

ba

c d

Fig. 2. Dependent measures during the psychosocial stressor task (Baseline, Speech, and Recovery). Abbreviations: Mean RR = mean interbeat intervals (in ms); SDNN = standard
deviation of interbeat interval series; HF-HRV = natural ln transformed high frequency value; and STAI-X1 = State-Trait Anxiety Inventory, State version.

411S. Suh et al. / Journal of Psychosomatic Research 74 (2013) 407–413
associated with a blunted HF-HRV response prior to and after the
stressor. This was also confirmed with subjective anxiety measured
by the STAI, which indicates that the anxious groups display high
anxiety throughout the study and do not change from Baseline to Re-
covery, whereas the non-anxious groups exhibit increased symptoms
of anxiety following the stressor. Thus, the anxious groups show
anticipatory anxiety compared to their nonanxious counterparts.
This is consistent with the past literature indicating that anxious
individuals display a blunted response to stress due to having more
anticipatory anxiety at Baseline.

Significant increasing linear trends were consistently present for
both SDNN and HF-HRV for only the anxious groups (COPD-ANX
and HEA-ANX), but not for the nonanxious groups. These results are
consistent with prior research indicating that COPD patients exhibit
increased parasympathetic activity in response to sympathetic stimu-
li when compared to healthy controls [16,17]. Similar patterns were
also observed in healthy, anxious individuals. It is possible that past
Table 2
Linear and quadratic trend analyses of the three phases (Baseline, Speech, Recovery) of
the TSST, separate for each sub-group of 15 subjects. For abbreviations, see Fig. 2
caption

Measure Group Anxious Linear trend Quadratic trend

F (1, 56) p F (1, 56) p

Mean RR HEA Not 8.76 .004 64.82 b .0001
Anx 17.74 b .001 60.90 b .0001

COPD Not 2.99 .089 41.21 b .0001
Anx 23.62 b .001 50.11 b .0001

SDNN HEA Not .07 .787 .14 .710
Anx 11.31 .001 .36 .550

COPD Not .96 .331 1.72 .196
Anx 9.57 .003 .09 .766

HF-HRV HEA Not .24 .622 .13 .722
Anx 10.57 .002 3.04 .086

COPD Not 5.90 .018 5.15 .027
Anx 7.39 .009 .58 .447

Abbreviations: Mean RR = mean interbeat intervals, SDNN = log-transformed
standard deviation of normal–normal beats; and HF-HRV = log-transformed High
Frequency Value.
studies investigating HRV in patients with COPD may have included
a heterogeneous sample with and without anxiety, and previous
studies of HRV in COPD patients may have been affected by the high
prevalence of anxiety in this population, as none of the previous stud-
ies of HRV in COPD measured anxiety.

Past investigators have suggested that elevated parasympathetic
activity in COPD patients may be influenced by breathing against re-
sistance or that obstructed breathing may cause fluctuation in cardiac
function in COPD patients [48,49]. Increased parasympathetic activity
may be potentiated during dynamic hyperinflation and increased
end-expiratory lung volumes [50]. However, the absence of any effect
of RF in these data does not support this explanation. This is also sup-
ported by the previous studies showing that HRV was not solely
influenced by altered breathing pattern [13,17,18,51,52].

Our study did not find decreased global HRV in COPD patients
compared to healthy controls, as found in past studies [17]. Inconsis-
tent results across studies may reflect differences in the type of HRV
measures and recording procedures used (e.g., utilizing short-term
versus long-term HRV recordings). Volterrani et al. [17] found de-
creased global HRV indexed by the standard deviation of R–R inter-
vals in COPD patients compared to healthy controls, but also found
an increased parasympathetic activity in COPD patients in response
to sympathetic stimuli and also when utilizing standardized
HF-HRV. Bedard et al. [12] found decreased HRV indexed by LF/HF
ratio in a 24-hour recording and during daytime and nighttime, but
not HF-HRV when comparing COPD patients to healthy controls.
Table 3
Psychological variables in the COPD-ANX and HEA-ANX group

COPD-ANX (n = 15)
M (SD)

HEA-ANX (n = 15)
M (SD)

Pack year 21.63 (22.36) 9.62 (15.67)
PSQI 12.0 (4.06) 7.8 (4.02)⁎

CESD 25.73 (11.11) 23.43 (11.56)

Abbreviations: PSQI = Pittsburgh Sleep Quality Index; CESD = The Center for
Epidemiological Studies Depression Scale.
⁎ p b .05.

⁎⁎ p b .01.



Table 4
Pulmonary functioning and psychological variables in the COPD and COPD-ANX group

COPD (n = 15)
M (SD)

COPD-ANX (n = 15)
M (SD)

FEV1 1.31 (0.69) 1.59 (0.63)
FEV1% 52.4 (26.29) 55.67 (17.78)
FVC 2.06 (1.05) 2.52 (0.78)
FVC% 62.2 (22.83) 68.6 (18.71)
FEV1/FVC 0.64 (0.14) 0.63 (0.17)
Pack year 44.63 (28.66) 21.63 (22.36)⁎⁎

PSQI 6.93 (3.47) 12.0 (4.06)⁎⁎

CESD 11.20 (7.62) 25.73 (11.11)⁎⁎⁎

Abbreviations: FEV1 = Forced Expiratory Volume in 1 s; FVC = Forced vital capacity;
PSQI = Pittsburgh Sleep Quality Index; and CESD = The Center for Epidemiological
Studies Depression Scale.

⁎ p b .05.
⁎⁎ p b .01.

⁎⁎⁎ p b .001.
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Additionally, Bartels et al. [18] did not find decreased HRV in COPD
patients at rest compared to healthy controls. It is possible that
COPD patients exhibit decreased global HRV during long-term
recordings of HRV, but during short-term recordings of HRV, as in
this study, COPD patients may exhibit increased HRV compared to
healthy controls, especially in response to sympathetic stimulation
such as exercise or a stressor.

Because COPD patients with anxiety reported higher levels of clini-
cal depression than COPD patients without anxiety, COPD patients with
anxiety may be at higher risk for general distress and disability, regard-
less of disease severity. It will be important to identify COPD patients
experiencing psychological distress and provide appropriate therapeu-
tic interventions such as stress management and cognitive behavioral
therapy to reduce distress. Additionally, both COPD patients with and
without anxiety reported poor sleep quality, reflected by the PSQI
scores greater than 5 for both groups. This indicates that COPD regard-
less of anxiety affects sleep, and can in turn affect disease management.
Thus, insomnia treatment may be necessary to consider for all COPD
patients. Based on past research indicating that psychiatric comorbidity
decreases functionality among COPD patients [2,3,8–11], treating anxi-
ety may have implications for physical health as well.

This study had several limitations. First, the COPD group in this
sample appeared to be relatively high functioning. With the excep-
tion of pulmonary functioning, sleep behavior, and pack-year history,
behavioral and psychological functioning of COPD patients did not
differ from healthy controls. Because most COPD patients in the
study were recruited from an outpatient pulmonary rehabilitation
program, they may have been relatively active and had greater access
to health care resources compared to typical COPD patients.

Second, the absence of HRV differences between the COPD group
and the healthy control groups may be due to the long-term use of
medications in COPD patients, such as beta-agonist inhalers, beta
blocker medication, Ca Channel p blocker, and alpha agonist/blockers.
Unfortunately, duration of drug use or use of beta blocker medication,
Ca channel p blockers, and alpha agonist/blockers was not measured
in this study, although use of beta-agonist inhalers is relatively com-
mon among COPD patients. It is common for COPD patients to be
treated with cycles of short-term steroids, which may further alter
cardiovascular response. Thus, although patients were instructed
not to use medication for 24 h prior to participating, patients' prior
history of medication use may have influenced outcomes of this
investigation. However, past studies have noted that there were no
HRV differences in COPD patients using anticholinergic medication
or beta agonist medication compared to those not using those
medications [12,53,54].

Third, participants completed the Task phase in a standing posi-
tion, thus it is possible that autonomic changes may have been caused
by orthostatic stress. However, the standard protocol for the TSST
indicates a standing position, and this issue has been addressed in
research literature [54]. While psychosocial stress overlaps with
orthostatic stress, research has indicated that the social component
(social evaluation) clearly adds to stress. However, we cannot tease
apart the extent of HRV changes that were caused by the physiologi-
cal response from the psychological stressor task.

Finally, our study included participants who were current smokers.
While it is true that smoking affects resting HRV, our study focuses on
COPD patients, a population that is characterized by high rates of
smoking. Thus, it was difficult to exclude patients who were current
smokers.

Conclusion

Results of this study indicate that the combined effect of anxiety
and COPD did not have a cumulative negative effect on autonomic
function, contrary to the original hypothesis. However, an atypical
pattern of HRV in response to the stressor task for the COPD-ANX
and HEA-ANX compared to their non-anxious counterparts suggests
that anxiety may play a mediating role in HRV patterns in response
to a stressor. While it is possible that COPD-related stress resembles
anxiety in some patients, these data also suggest that autonomic
dysfunction may help explain the relatively higher rates of anxiety
symptoms among patients with COPD.

Conflict of interest

The authors state that they have no conflict of interest.

References

[1] Mikkelsen RL, Middelboe T, Pisinger C, Stage KB. Anxiety and depression in
patients with chronic obstructive pulmonary disease (COPD). A review. Nord J
Psychiatry 2004;58:65–70.

[2] Kim HF, Kunik ME, Molinari VA, Hillman SL, Lalani S, Orengo CA, et al. Functional
impairment in COPD patients: the impact of anxiety and depression. Psychoso-
matics Nov-Dec 2000;41:465–71.

[3] Hynninen KM, Breitve MH, Wiborg AB, Pallesen S, Nordhus IH. Psychological
characteristics of patients with chronic obstructive pulmonary disease: a review.
J Psychosom Res Dec 2005;59:429–43.

[4] Ga B. Anxiety and chronic obstructive pulmonary disease: prevalence, impact, and
treatment. Psychosom Med 2003;65:963–70.

[5] Willgoss TG, Yohannes AM. Anxiety disorders in patients with chronic obstructive
pulmonary disease: a systematic review. Respir Care in press. http://dx.doi.org/
10.4187/respcare.01862.

[6] Fuhs M. Correlates of dyspnea in individuals with chronic obstructive pulmonary
disorders. Washington DC: The Catholic University of America; 1980.

[7] Burns BH, Howell JB. Disproportionately severe breathlessness in chronic
bronchitis. Q J Med Jul 1969;38:277–94.

[8] Unutzer J, Patrick DL, Simon G, Grembowski D, Walker E, Rutter C, et al. Depres-
sive symptoms and the cost of health services in HMO patients aged 65 years
and older. A 4-year prospective study. JAMA May 28 1997;277:1618–23.

[9] Borson S, McDonald GJ, Gayle T, Deffebach M, Lakshminarayan S, VanTuinen C.
Improvement in mood, physical symptoms, and function with nortriptyline for
depression in patients with chronic obstructive pulmonary disease. Psychoso-
matics Spring 1992;33:190–201.

[10] Beck JG, Scott SK, Teague RB. Correlates of daily impairment in COPD. Rehabil
Psychol 1988;33:77–84.

[11] McSweeny AJ. Quality of life in relation to COPD. In: McSweeny AJ, Grant I, editors.
New York: Marcel Dekker, Inc.; 1988.

[12] Bedard ME, Marquis K, Poirier P, Provencher S. Reduced heart rate variability in
patients with chronic obstructive pulmonary disease independent of anticholin-
ergic or beta-agonist medications. COPD Dec 2010;7:391–7.

[13] Camillo CA, Laburu Vde M, Goncalves NS, Cavalheri V, Tomasi FP, Hernandes NA,
et al. Improvement of heart rate variability after exercise training and its
predictors in COPD. Respir Med Jul 2011;105:1054–62.

[14] Carvalho TD, Pastre CM, de Godoy MF, Fereira C, Pitta FO, de Abreu LC, et al. Fractal
correlation property of heart rate variability in chronic obstructive pulmonary
disease. Int J Chron Obstruct Pulmon Dis 2011;6:23–8 [Research Support,
Non-U.S. Gov't].

[15] Dias de Carvalho T, Marcelo Pastre C, Claudino Rossi R, de Abreu LC, Valenti VE,
Marques Vanderlei LC. Geometric index of heart rate variability in chronic
obstructive pulmonary disease. Rev Port Pneumol Nov-Dec 2011;17:260–5.

[16] Stein PKNP, Rottman JN, Howard D, Ward SM, Kleiger RE, Senior RM. Heart rate
variability reflects severity of COPD in PiZ alpha1-antitrypsin deficiency. Chest
1988;113:327–33.

http://dx.doi.org/10.4187/respcare.01862
http://dx.doi.org/10.4187/respcare.01862


413S. Suh et al. / Journal of Psychosomatic Research 74 (2013) 407–413
[17] Volterrani M, Scalvini S, Mazzuero G, Lanfranchi P, Colombo R, Clark AL, et al.
Decreased heart rate variability in patients with chronic obstructive pulmonary
disease. Chest Nov 1994;106:1432–7 [Comparative Study].

[18] Bartels MN, Jelic S, Ngai P, Basner RC, DeMeersman RE. High-frequency modula-
tion of heart rate variability during exercise in patients with COPD. Chest Sep
2003;124:863–9.

[19] Friedman BH, Thayer JF. Anxiety and autonomic flexibility: a cardiovascular
approach. Biol Psychol Nov 1998;49:303–23.

[20] Friedman BH, Thayer JF, Borkovec TD, Tyrrell RA, Johnson BH, Columbo R. Auto-
nomic characteristics of nonclinical panic and blood phobia. Biol Psychiatry Sep
1 1993;34:298–310 [Research Support, U.S. Gov't, Non-P.H.S. Research Support,
U.S. Gov't, P.H.S.].

[21] Klein E, Cnaani E, Harel T, Braun S, Ben-Haim SA. Altered heart rate variability in
panic disorder patients. Biol Psychiatry Jan 1 1995;37:18–24 [c].

[22] Middleton HC, Ashby M, Robbins TW. Reduced plasma noradrenaline and abnormal
heart rate variability in resting panic disorder patients. Biol Psychiatry Dec 15
1994;36:847–9.

[23] Ost LG, Sterner U, Lindahl IL. Physiological responses in blood phobics. Behav Res
Ther 1984;22:109–17.

[24] Rechlin T, Weis M, Spitzer A, Kaschka WP. Are affective disorders associated with
alterations of heart rate variability? J Affect Disord Dec 1994;32:271–5.

[25] Thayer JF, Friedman BH. Assessment of anxiety using heart rate nonlinear dynamics.
In: Ditto W, editor. Chaos in biology and medicine: proceedings of the international
society for optical engineering; 1993. p. 42–8.

[26] Thayer JF, Lane RD. A model of neurovisceral integration in emotion regulation
and dysregulation. J Affect Disord Dec 2000;61:201–16.

[27] Yeragani VK, Balon R, Pohl R, Ramesh C, Glitz D, Weinberg P, et al. Decreased R–R
variance in panic disorder patients. Acta Psychiatr Scand Jun 1990;81:554–9
[Research Support, U.S. Gov't, P.H.S.].

[28] Yeragani VK, Pohl R, Berger R, Balon R, Ramesh C, Glitz D, et al. Decreased heart
rate variability in panic disorder patients: a study of power-spectral analysis of
heart rate. Psychiatry Res Jan 1993;46:89–103.

[29] Yeragani VK, Pohl R, Srinivasan K, Balon R, Ramesh C, Berchou R. Effects of
isoproterenol infusions on heart rate variability in patients with panic disorder.
Psychiatry Res Apr 28 1995;56:289–93.

[30] Yeragani VK, Pohl R, Balon R, Ramesh C, Glitz D, Weinberg P, Merlos B. Effects of
imipramine treatment on heart rate variability measures. Neuropsychobiology
1992;26:27–32.

[31] Rabe KF, Hurd S, Anzueto A, Barnes PJ, Buist SA, Calverley P, et al. Global strategy
for the diagnosis, management, and prevention of chronic obstructive pulmonary
disease: GOLD executive summary. Am J Respir Crit Care Med Sep 15 2007;176:
532–55 [Review].

[32] Spielberger CD. Assessment of state and trait anxiety: conceptual and methodo-
logical issues. Southern Psychol 1985;2:6–16.

[33] Kirschbaum C, Schommer N, Federenko I, Gaab J, Neumann O, Oellers M, et al.
Short-term estradiol treatment enhances pituitary-adrenal axis and sympathetic
responses to psychosocial stress in healthy young men. J Clin Endocrinol Metabol
Oct 1996;81:3639–43.

[34] Vanderlei LC, Silva RA, Pastre CM, Azevedo FM, Godoy MF. Comparison of the Polar
S810i monitor and the ECG for the analysis of heart rate variability in the time and
frequency domains. Braz J Med Biol Res Oct 2008;41:854–9 [Comparative Study
Research Support, Non-U.S. Gov't].

[35] Weippert M, Kumar M, Kreuzfeld S, Arndt D, Rieger A, Stoll R. Comparison of three
mobile devices for measuring R–R intervals and heart rate variability: Polar S810i,
Suunto t6 and an ambulatory ECG system. Eur J Appl Physiol Jul 2010;109:779–86.
[36] Heart rate variability: standards of measurement, physiological interpretation
and clinical use. Task Force of the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology. Circulation Mar 1 1996;93:
1043–65.

[37] Vanderlei LC, Pastre CM, Hoshi RA, Carvalho TD, Godoy MF. Basic notions of heart
rate variability and its clinical applicability. Rev Bras Cir Cardiovasc Apr-Jun
2009;24:205–17.

[38] Berntson GG, Bigger JT, Eckberg DL, Grossman P, Kaufmann PG, Malik M, et al. Heart
rate variability: origins, methods, and interpretive caveats. Psychophysiology Nov
1997;34:623–48.

[39] Thayer JF, Sollers JJ, Ruiz-Padial E, Vila J. Estimating respiratory frequency from
autoregressive spectral analysis of heart period. IEEE Eng Med Biol Mag Jul-Aug
2002;21:41–5.

[40] Klink M, Quan SF. Prevalence of reported sleep disturbances in a general adult
population and their relationship to obstructive airways diseases. Chest Apr
1987;91:540–6.

[41] Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep
Quality Index: a new instrument for psychiatric practice and research. Psychiatry
Res May 1989;28:193–213 [Research Support, U.S. Gov't, P.H.S.].

[42] Radloff LS. The CES-D scale: a self-report depression scale for research in the gen-
eral population. Appl Psychol Meas 1977;1:385–401.

[43] Miller MR, Crapo R, Hankinson J, Brusasco V, Burgos F, Casaburi R, et al. General
considerations for lung function testing. Eur Respir J Jul 2005;26:153–61.

[44] Macintyre N, Crapo RO, Viegi G, Johnson DC, van der Grinten CP, Brusasco V, et al.
Standardisation of the single-breath determination of carbon monoxide uptake in
the lung. Eur Respir J Oct 2005;26:720–35.

[45] Goldberger JJ, Challapalli S, Tung R, Parker MA, Kadish AH. Relationship of heart
rate variability to parasympathetic effect. Circulation Apr 17 2001;103:1977–83.

[46] Umetani K, Singer DH, McCraty R, Atkinson M. Twenty-four hour time domain
heart rate variability and heart rate: relations to age and gender over nine
decades. J Am Coll Cardiol Mar 1 1998;31:593–601.

[47] Simes RJ. An improved Bonferroni procedure for multiple tests of significance.
Biometrika 1986;73:751–4.

[48] Buda AJ, Pinsky MR, Ingels NB, Daughters GT, Stinson EB, Alderman EL. Effect of
intrathoracic pressure on left ventricular performance. N Engl J Med Aug 30
1979;301:453–9 [Research Support, U.S. Gov't, P.H.S.].

[49] Hoehn-Saric R, McLeod DR. The peripheral sympathetic nervous system. Its role in
normal and pathologic anxiety. Psychiatr Clin North Am Jun 1988;11:375–86
[Review].

[50] Marin JM, Carrizo SJ, Gascon M, Sanchez A, Gallego B, Celli BR. Inspiratory capac-
ity, dynamic hyperinflation, breathlessness, and exercise performance during the
6-minute-walk test in chronic obstructive pulmonary disease. Am J Respir Crit
Care Med May 2001;163:1395–9 [Validation Studies].

[51] Stewart AG, Waterhouse JC, Howard P. Cardiovascular autonomic nerve function
in patients with hypoxaemic chronic obstructive pulmonary disease. Eur Respir
J Nov 1991;4:1207–14.

[52] Pagani M, Lucini D, Pizzinelli P, Sergi M, Bosisio E, Mela GS, et al. Effects of aging
and of chronic obstructive pulmonary disease on RR interval variability. J Auton
Nerv Syst Jul 5 1996;59:125–32.

[53] Dagnone AJ, Parlow JL. Effects of inhaled albuterol and ipratropium bromide on
autonomic control of the cardiovascular system. Chest Jun 1997;111:1514–8.

[54] Rossinen J, Partanen J, Stenius-Aarniala B, Nieminen MS. Salbutamol inhalation
has no effect on myocardial ischaemia, arrhythmias and heart-rate variability in
patients with coronary artery disease plus asthma or chronic obstructive
pulmonary disease. J Intern Med May 1998;243:361–6.


	The effect of anxiety on heart rate variability, depression, and sleep in Chronic Obstructive Pulmonary Disease
	Introduction
	Methods
	Participants
	Procedure
	Physiological recording
	Smoking history
	Sleep
	Anxiety
	Depression
	Pulmonary functioning


	Data analysis
	Results
	TSST physiological measures11There were no significant differences at baseline between groups for any HRV variables.
	Mean RR22There were no significant interactions between the trends and disease status or anxiety group for mean RR.
	SDNN33There were no significant interactions between the trends and Disease Status or Anxiety group for SDNN.
	HF-HRV

	TSST psychological measures

	Discussion
	Conclusion
	Conflict of interest
	References


