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Background/Aims

The relation between heart rate variability (HRV) as non-invasive biomarkers of autonomic function and cognitive behavior therapy
(CBT) as non-pharmacological treatments has rarely been examined in patients with constipation-predominant irritable bowel
syndrome (IBS-C). The purpose of this study is to evaluate the efficacy of an 8-week CBT intervention on HRV and IBS symptoms, and
the correlation of changes in HRV with changes in IBS symptoms among young female nursing students with IBS-C.

Methods

This study consisted of an exploratory subgroup analysis of 43 participants with IBS-C who had been randomly assigned to receive
either 8 weeks of CBT (n = 23) or general medical information (control, n = 20). At baseline and 8, 16, and 24 weeks, participants
completed a questionnaire assessing their gastrointestinal (GI) symptoms, anxiety, depression, and stress, and their HRV was measured
via electrocardiography.

Results

At the 8-week follow-up, the high-frequency (HF) power was significantly higher, and the low-frequency (LF)/HF ratio was lower in
the CBT group than in the control group (P < 0.001 for both), and the severity of GI symptoms (P = 0.003), anxiety (P < 0.001),
depression (P < 0.001), and stress (P < 0.001) was significantly lower in the CBT group than in the control group. Changes in the HF
power were significantly and inversely associated with changes in GI symptoms, anxiety, depression, and stress at 16 and 24 weeks
(P < 0.05 for all; range of r from =0.37 to —0.68). Changes in the LF/HF ratio were also significantly and positively associated with
changes in GI symptoms, anxiety, depression, and stress at 16 and 24 weeks (P < 0.05 for all; range of r from 0.38 to 0.60).

Conclusions

(BT was effective in managing symptoms in young IBS-C patients and the improvement of symptoms was sustained at 24 weeks
following the completion of CBT. Furthermore, indirect measurement of autonomic function using HRV may be a useful objective
parameter for assessing response to CBT in young IBS-C patients.

(J Neurogastroenterol Motil 2017;23:435-445)
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Introduction

Irritable bowel syndrome (IBS) is a common functional
gastrointestinal (GI) disorder affecting 10% to 22% of the adult
population.”™ IBS is subcategorized by the predominant stool pat-
tern as constipation-predominant (IBS-C), diarrhea-predominant
(IBS-D), mixed stool pattern (IBS-M), and unclassifiable (IBS-
U). Among the subtypes, IBS-C is the most prevalent, accounting
for at least one-third to 8% of all IBS, particularly in females and
younger individuals.”” TBS interferes with social function, decreases
quality of life, and increases health care costs."” A systematic review
on IBS indicated that the direct annual cost of managing IBS rang-
es from approximately $1600 to $7500 per person.”"’

IBS has been attributed to GI sensory-motor dysfunction, such
as intestinal dysmotility, visceral hypersensitivity, intestinal bacterial
overgrowth, inflammation, food sensitivity or intolerance, genetic

factors, and psychosocial dysfunction.'™"*

Recent evidence sug-
gests that alterations in the brain-gut axis play an important role in
IBS,"" including altered sympathetic and parasympathetic activi-
ties of the autonomic nervous system (ANS)."® Similarly, patients
with IBS are known to have a higher occurrence of mood distur-
bances, anxiety, depression, somatization disorders, and psychologi-
cal distress,™" and the central nervous system (CNS) is believed to
be involved in the concomitance of these conditions.™"™"”

Heart rate variability (HRV) is a noninvasive measure of ANS
activities. Power spectral analysis of HRV allows the assessment of
predominance in sympathetic or parasympathetic activities. Typi-
cally, low-frequency (LF) bands are associated with sympathetic
activity, whereas high-frequency (HF) bands are associated with a
parasympathetic/vagal tone. The vagal tone and balance of sympa-
thetic and parasympathetic activities are the indices of the signifi-
cance of HRV."****' In a previous study, IBS-C patients had lower
HF power and a higher LF/HF ratio than healthy controls, which
suggests parasympathetic dysfunction and sympathetic overactiv-
ity

Non-pharmacologic treatments, such as cognitive behavior
therapy (CBT), have been effective in improving somatic symp-
toms of IBS.”** The mechanism by which CBT improves so-
matic symptoms is related to the regulation of brain-gut axis func-
tion."™** HRV is an objective, noninvasive biomarker that reflects
current ANS function correlated with IBS symptoms. Thus, HRV
may supplement clinical decisions in IBS patients who undergo
CBT. But, it is unclear whether HRV changes related to CBT cor-

relate with changes in bowel symptoms or psychosocial responses

in IBS patients. Moreover, sustained effects of CBT have not been
adequately tested in IBS patients.”

Therefore, the specific aims of this study are to evaluate (1) the
responses of HRV, GI symptoms, anxiety, depression, and stress to
an 8-week CBT intervention and (2) the associations of changes
in HRV responses with changes in GI symptoms, anxiety, depres-
sion, and stress in young female nursing students with IBS-C. We
hypothesized that the CBT group would have increased HF power
and decreased LF/HF ratio correlating with improvements in
GI symptoms, anxiety, depression, and stress, whereas the control
group would have no significant changes. We further hypothesized
that these stated changes would be observed immediately after
CBT and sustained at 16 and 24 weeks following the completion of
CBT.

This was an exploratory subgroup analysis of a larger study in
which the efficacy of a CBT intervention (80 minutes per week for
8 weeks) on bowel symptom severity, dysfunctional attitudes, and
IBS-quality of life was examined in young female nursing students
with all types of IBS.”* Young females nursing students were select-
ed because of the high prevalence of IBS in this population.”* They
are also noted to be similar lifestyles such as school lives and food
patterns.” TBS-C patients was focused on due to a unique pattern
of HRV and GI symptoms.” IBS-C patients are known experience
more severe upper GI symptoms and lower GI bloating than those
with other subtypes of IBS, suggesting greater vagal mediation of

. 8,19
afferent signals.

Materials and Methods

Study Design

This was an exploratory subgroup analysis of a randomized
controlled trial study in which the efficacy of an 8-week CBT in-
tervention was examined in young female nursing students with
all types of IBS.”* Data were collected 4 times from both the CBT
and control groups: prior to CBT (baseline) and after 8, 16, and 24

weeks.

Participants

Participants were recruited from 4 colleges of nursing in the
Republic of Korea. Participants were included if they were diag-
nosed as IBS-C by a gastroenterologist based on the questionnaire
according to the Rome I1T criteria.”’ After giving written informed
consent, the participants were screened by a physician assistant to

evaluate their vital signs and baseline physical condition; were at
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Figure. CONSORT flow diagram identifies the number of exploratory subgroup enrollment in each phase. IBS, irritable bowel syndrome; IBS-C,
constipation-predominant IBS; IBS-D, diarrhea-predominant IBS; IBS-M, mixed stool pattern IBS; IBS-U, unclassifiable IBS; CBT, cognitive

behavior therapy.
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least 18 years old; were female; and were enrolled as a nursing stu-
dent. Individuals were excluded if they had a history of digestive or
bowel surgery that may have caused similar symptoms; had an ac-
companying organic digestive disease that had the potential to affect
their symptoms (eg, inflammatory bowel disease, lactose malabsorp-
tion, celiac disease, obstructive bowel disease, etc); had severe thy-
roid disease; had a serious mental disorder; used any drug that can
affect bowel movements (eg, prokinetics, antispasmodics, digestive
stimulants, antidiarrheal agents, antibiotics, antihistamines, laxa-
tives, etc); or smoked.”* Participants were assigned randomly to the
CBT or control group using a random number generator (https://
www.randomizer.org/). When all study participants gave written
consent, they were not informed of their group assignment and
were told that those assigned to the control group would be offered
the CBT program after the completion of the study. Of the 85 par-
ticipants with IBS-C, 42 were not eligible, and 43 participants were
randomly assigned to either the CBT group (n = 23) or control
group (n = 20) (Figure). Two participants from the CBT group
and 3 from the control group withdrew from the study because of
personal problems (n = 1), health problems (n = 1), and loss of
contact (n = 3), resulting in 38 participants having completed the
study.

Intervention

The CBT intervention consisted of 8 weekly group sessions of
80 minutes per session, with 60 minutes of thematic training and 20
minutes of relaxation training. Major topics included establishing
a therapeutic relationship and setting a therapeutic goal (session 1),
education on IBS related to CBT (session 2), training in cognitive
restructuring (sessions 3-5), training in effective coping (sessions
6 and 7), and training in enhancing positive emotion (session 8).”*
CBT was conducted in a group of 4-6 participants by the same
psychotherapist. The control group received general information
about IBS (eg, overview, cause, symptoms, treatments, and diet)
and other usual care for 50 minutes during the first week. They
were also assigned to a group of 4-6 people and interviewed by the
investigator about their GI symptoms. All data were collected at the
designated time points from all participants in small groups of 4-6
by one trained researcher who was unaware of group assignment.
Data were collected by administering questionnaires and assessing
HRYV at baseline and 8, 16, and 24 weeks.

Sample Size
Sample size for the larger study was determined on the basis of

primary endpoints of 3 outcomes for which Bonferroni’s corrected

o value (o = 0.05/3 = 0.0167) was used. Therefore, we calculated
that the sample size required for the larger study was N = 80, with
previously reported™ effect sizes of f = 0.45, o0 = 0.0167,and p =
0.2 for repeated-measures analysis of variance and with an assump-
tion of 10% attrition.” For this subgroup analysis of participants
with IBS-C (n = 43), we estimated that power would range from
0.57 to 0.98 when the unknown effect size varied between f = 0.45
and 0.75 for the 2 primary HRV outcomes (adjusted oo = 0.05).

Ethical Considerations

This study was approved by the Institutional Review Board of
Pusan National University Hospital and was registered with the
Clinical Research Information Service of Korea (KCT0000768:
member of the WHO International Clinical Trials Registry Plat-
form: https://cris.nih.go.kr/cris/index.jsp). Participants received
a small gift package to compensate for their time and effort in the
study:.

Primary Outcome

HRYV was measured using a QECG-3 monitoring system
(Laxtha Inc, Daejeon, Korea). HRV is a noninvasive method that
provides quantitative evaluation of sympathovagal interactions
modulating cardiac function.”* HRV is mediated by the com-
bined effects of both the parasympathetic (vagal) and sympathetic
nervous systems on the heart rate. Since the parasympathetic and
sympathetic effects on the cardiac cycle cause fluctuations at differ-
ent frequencies, they can be separately extracted from power spectral
analysis of the HRV signal. HRV measures were derived from the
electrocardiogram (ECG) signals. After participants rested for 10
minutes in a quiet environment, ECG electrodes were attached to
both wrists and ankles, and ECG was recorded for 10 minutes in a
comfortable sitting position. To control for unintended influence on
HRYV, participants were asked not to drink coffee or alcohol or ex-
ercise for an hour before the HRV measurement. This study used
frequency domain analysis of HRV, known as power spectral analy-
sis. ECG data were fed to a computerized data collection system to
interface with data analysis software (TeleScan Ver.2.8; Laxtha Inc).
Digitized ECG signals were used to identify R-wave peaks, and
beat-to-beat heart rate intervals were calculated (ie, R-R intervals).

The R-R intervals were subjected to spectral analysis that yield-
ed HRV measures in 2 main frequency bands: the HF band (0.15-
0.4 Hz) indicating cardiac vagal tone and the LF band (0.04-0.15
Hz) largely indicating sympathetic activity. Power in the LE how-
ever, is also thought to include some vagal influences’”’; thus, the

interpretation of the LK parameter may not be as pure. However,

438 Journal of Neurogastroenterology and Motility



the ratio of the LLF and HF components, the I.F/HF ratio, typical-
ly represents an index of sympathetic-to-parasympathetic balance,

with higher values indicating greater sympathetic dominance.”**

Secondary Outcomes

GI symptoms were measured using a version of the GI Symp-
tom Rating Scale (GSRS)"™"" supplemented with questions about
the Rome I criteria for IBS. The GSRS-IBS comprises of 13 items
to assess the severity of GI symptoms, including pain, bloating,
diarrhea, constipation, and satiety. Fach item is scored from 1 =
no discomfort at all to 7 = very severe discomfort, leading to a total
score ranging from 13 to 91. Higher scores indicate a higher sever-
ity of GI symptoms. The GSRS-IBS Cronbach’s o in this study
was 0.91.

Anxiety and depression were assessed using the 14-item self-
administered Hospital Anxiety and Depression Scale (HADS).*"
Fach subscale (anxiety and depression) includes 7 items that are
rated on a Likert scale of 0 = not at all to 3 = definitely/most of the
time, with a potential total score on each subscale ranging from 0 to
21. Higher scores indicate higher levels of anxiety and depression.
Cronbach’s ¢, for the anxiety and depression subscales in this study
were 0.83 and 0.80.

Stress was measured using the Global Assessment of Recent
Stress (GARS), which evaluates the severity of recent stressors dur-
ing the 1 week preceding its administration.”** The instrument
comprises of 7 individual items and one overall item that relate to
respondents’ job, work, pressure from personal relations, changes in
personal relations, disease, financial status, daily life, and changes in
daily life that are perceived as general stress. The GARS is based on
a 10-point scale (0 = no stress to 9 = severely stressful state), with
a total score ranging from 0 to 72. Higher scores indicate higher
levels of stress. The GARS Cronbach’s ¢ in this study was 0.91.

Demographic information was collected via a background
questionnaire. Items included age, body mass index, education

level, residential status, exercise, and regularity of meals.

Statistical Methods

Descriptive data were summarized by frequency and percent-
age for categorical data and mean = standard deviation for continu-
ous data. Baseline group differences were tested using Chi-square
tests for categorical data and independent-sample t tests for numeric
data. To correct skewed distributions, logarithmic transformations
were applied to the primary spectral analysis-based HRV measures
used in this study (HE LEF/HF ratio). For clarity, descriptive sta-
tistical summaries of the HRV measures (HE LEF/HF ratio) are

Effects of CBT on HRV in Young Females with IBS-C

reported in the original metrics, ie, without logarithmic transforma-
tion. The longitudinally measured outcomes were analyzed with
linear mixed effects models. The linear mixed models for HF and
LF/HF ratio contained group (CBT and control) and time as fixed
effects, a random intercept to account for within-subject correla-
tion, and baseline values of corresponding outcome (HF or LE/
HF ratio) and GI symptoms, anxiety, depression, and stress level
at baseline as fixed-effect covariates. The coefficient for the group x
time interaction measured the difference in the improvement of an
outcome between the CBT and control groups. The linear mixed
models for GI symptoms, anxiety, depression, and stress were
similar, and controlled for baseline values of each outcome. Model
diagnostics satisfied linearity and homogeneity assumptions. The
estimated marginal means of outcomes at 8, 16, and 24 weeks were
derived from the linear mixed models. Simple contrasts were used
to compare the outcomes between groups at each time point, and a
sequential Sidak correction was used for multiple comparisons.

Bivariate Pearson correlations were used to test the associations
between changes in HRV responses and changes in GI symptoms,
anxiety, depression, and stress levels. Changes in all outcomes were
approximately normally distributed. All statistical analyses were
performed using SPSS version 22.0 (IBM Corp, Armonk, NY
USA), and the level of significance was set at oo = 0.05.

Results

Characteristics of Participants

The mean age of participants (n = 43) was 21.4 = 2.1 years,
and the mean body mass index was 19.9 + 1.8 kg/m’. The majority
(60.5%) resided in their own house, and 46.5% ate regular meals
about 4-6 days per week (Table 1). The CBT and control groups
did not differ in any demographic factors or baseline measures of
the study variables.

High-frequency and Low-frequency/High-frequency
Ratio Responses to Cognitive Behavior Therapy
Controlling for baseline values of HF or LE/HF ratios and
covariates (baseline of gastrointestinal symptom, anxiety, depression,
and stress), linear mixed effects models showed that group x time
interactions were significant in HF and LLE/HF ratio response (P <
0.001 for both; Table 2). The significant main effects of time (P =
0.001 and P < 0.001, respectively) indicated that the differences
persisted across all follow-up times. This finding was confirmed

in the contrasts at each follow-up, which showed significant differ-
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Table 1. Demographic and Clinical Characteristics of Participants

Total (n = 43)

CBT (n=23)  Cont(n = 20)

Characteristics Categories Xz/t 12
Mean = SD or participants (%)
Age (yr) 204 +2.1 216+ 1.8 212+ 24 0.64 0.523
Body mass index (kg/m®) 199 + 1.8 19.7 £ 1.6 202 %20 —0.79 0.433
Education level Freshman 11(25.6) 4(17.4) 7(35.0) 3.49 0.322
Sophomore 6 (14.0) 5(217) 1(5.0)
Junior 6(14.0) 3(13.0) 3(15.0)
Senior 20 (46.4) 11 (47.9) 9 (45.0)
Residential status Own house 26 (60.5) 14 (60.9) 12 (60.0) 2.29 0.515
Dormitory 12 (27.9) 5(21.7) 7 (35.0)
Self-boarding 4(9.3) 3(13.0) 1(5.0)
Others 1(2.3) 1(4.3) 0(0.0)
Exercise Irregularly 24 (55.8) 13 (56.5) 11(55.0) 0.01 > 0.99
Not at all 19 (44.2) 10 (43.5) 9 (45.0)
Regularity of meals (per wk) Everyday 1(2.3) 0(0.0) 1(5.0) 1.94 0.584
4-6 days 20 (46.5) 10 (43.5) 10 (50.0)
1-3 days 14 (32.6) 9.(39.1) 5(25.0)
Not at all 8 (18.6) 4(17.4) 4(20.0)
Gastrointestinal symptoms 339 128 34.1 = 8.7 33.8 + 16.6 0.08 0.936
Anxiety 8.7+ 3.1 8.7 x24 8.6 = 3.7 0.10 0.920
Depression 7.3 %26 7.3 2.7 74 £26 —0.11 0.912
Stress 27.9 £ 143 287 £ 13.4 27.0 £ 15.5 0.40 0.695
Heart rate variability HF 308.0 £ 229.8 305.4 £ 198.7 310.9 * 266.3 —0.08 0.940
LF/HF 2.04 = 1.21 2.03 £1.08 2.05 = 1.38 —0.06 0.953

CBT, cognitive behavior therapy group; Cont, control group; HE high-frequency; LF/HE low-frequency/high-frequency.

Table 2. Estimated Marginal Mean for Linear Mixed Models of High-frequency and Low-frequency/High-frequency Ratio Responses over

Time in Cognitive Behavior Therapy and Control Groups

Estimated marginal mean (95% CI: low-high) Group Time Grx Time
Variables
8 wk 16 wk 24 wk P P P

HF < 0.001 0.001 < 0.001

CBT group 282.9 (245.2-326.4)  323.4 (284.9-366.9)  384.1 (337.6-437.0)

Control group 217.9(185.9-255.2)  232.5(201.9-267.5)  221.2 (191.5-255.2)

P 0.017 0.001 < 0.001
LF/HF < 0.001 < 0.001 < 0.001

CBT group 1.50 (1.35-1.67) 1.15 (1.05-1.24) 1.05 (1.05-1.15)

Control group 1.91 (1.70-2.15) 1.93 (1.76-2.11) 1.95 (1.76-2.17)

P 0.003 < 0.001 < 0.001

Exponentiated marginal means shown of model using log-transformed high-frequency (HF) or low-frequency (LF)/HF ratio.
P and P indicate the significance values of predictors in the linear mixed models controlling for baseline values of each outcome (HF or LE/HF) and covariates

(baseline of gastrointestinal symptoms, anxiety, depression, and stress).
CBT, cognitive behavior therapy.

ences between the CBT and control groups in HE (P = 0.017 at
8 weeks, P = 0.001 at 16 weeks, and P < 0.001 at 24 weeks) and
LF/HF ratio (P = 0.003 at 8 weeks and P < 0.001 at 16 and

24 weeks). The estimated marginal mean of HF increased in the

CBT group at follow-up but was approximately unchanged in the
control group. The estimated marginal mean for the LE/HF ratio
decreased in the CBT group but was approximately unchanged in
the control group.
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Table 3. Estimated Marginal Mean for Linear Mixed Models of Gastrointestinal Symptoms, Anxiety, Depression, and Stress Responses over

Time in Cognitive Behavior Therapy and Control Groups

Estimated marginal mean (SE) Group Time Gr x Time
Variables
8 wk 16 wk 24 wk P P P
GI symptoms < 0.001 0.008 0.003
CBT group 24.3 (1.23) 20.1 (1.00) 18.9 (1.18)
Control group 34.3 (1.37) 34.2(1.11) 35.0 (1.31)
P < 0.001 < 0.001 < 0.001
Anxiety < 0.001 0.013 < 0.001
CBT group 5.98(0.33) 4.55(0.29) 4.22(0.26)
Control group 8.84 (0.36) 8.77 (0.32) 9.42(0.29)
P < 0.001 < 0.001 < 0.001
Depression < 0.001 0.019 < 0.001
CBT group 5.44 (0.31) 4.19 (0.30) 3.71(0.22)
Control group 7.65(0.35) 7.92 (0.33) 8.16 (0.25)
P < 0.001 < 0.001 < 0.001
Stress < 0.001 0.255 < 0.001
CBT group 19.8 (1.37) 15.7 (1.21) 14.7 (1.11)
Control group 28.3 (1.52) 31.6 (1.34) 31.3(1.23)
P < 0.001 < 0.001 < 0.001

P and P" indicate the significance values of predictors in the linear mixed models controlling for baseline values of each outcome (gastrointestinal symptoms, anxiety,

depression, or stress).
CBT, cognitive behavior therapy; GI, gastrointestinal; SE, standard error.

Gastrointestinal Symptoms, Anxiety, Depression,
and Stress Responses to Cognitive Behavior Therapy
Controlling for baseline values of GI symptoms, anxiety, de-
pression, or stress, linear mixed effects models showed that group x
time interactions were significant in GI symptoms, anxiety, depres-
sion, and stress, while the main effect of time was significant in all
outcomes except stress (Table 3). GI symptoms, anxiety, depression,
and stress were significantly different between the CBT and control
groups at each follow-up (P < 0.001 at 8, 16, and 24 weeks). The
estimated marginal means for GI symptoms, anxiety, depression,
and stress decreased in the CBT group but were approximately un-

changed in the control group.

Associations of Changes in High-frequency and
Low-frequency/High-frequency Ratio Responses
with Changes in Gastrointestinal Symptoms,
Anxiety, Depression, and Stress

Correlation coefficients summarized in Table 4 show that
changes in the HF power were significantly and inversely associ-
ated with changes in GI symptoms, anxiety, depression, and stress
at 16 and 24 weeks with a range of r = —0.37 tor = —0.68 (P < 0.05
for all). Changes in the LF/HF ratios were significantly and posi-

tively associated with changes in GI symptoms, anxiety, depression,

and stress at 16 and 24 weeks with a range of r = 0.38 tor = 0.60
(P < 0.05 for all). At 8 weeks, changes in the LF/HF ratios were
significantly associated only with changes in depression (r = 0.44,
P <0.01).

Discussion

The aim of this study was to evaluate the responses of HRV,
GI symptoms, anxiety, depression, and stress to an 8-week CBT]
and to evaluate the correlation of changes in HRV with changes in
GI symptoms, anxiety, depression, and stress among young female
nursing students with IBS-C over a 24-week follow-up period.
We found that CBT resulted in a significant increase in HF and
significant decrease in the LF/HF ratio, GI symptoms, anxiety, de-
pression, and stress. Furthermore, the magnitude of changes in HF
and the LE/HF ratios were significantly associated with the mag-
nitude of changes in GI symptoms, anxiety, depression, and stress
in this study sample. Our results suggest that indirect measurement
of ANS activity using HRV may be a useful objective parameter
for assessing the response to CBT in young patients with IBS-C.
To our knowledge, this is the first report with regard to changes in
HRV patterns after CBT in IBS patients.

Because of its association with ANS dysfunction, HRV has
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Table 4. Associations of Change Scores in High-frequency and Low-frequency/High-frequency Ratio Responses with Change Scores of Gastro-

intestinal Symptoms, Anxiety, Depression, and Stress

HF LF/MHF
Variables
Baseline-8 wk  Baseline-16 wk  Baseline-24 wk Baseline-8 wk  Baseline-16 wk  Baseline-24 wk

GI Symptoms

Baseline-8 wk (n = 40) -0.21 —0.42° —0.64" 0.13 0.34" 0.36"

Baseline-16 wk (n = 38) -0.26 -0.55° -0.76" 0.22 0.55" 0.54"

Baseline-24 wk (n = 38) -0.22 —0.47" -0.68" 0.05 0.36" 0.38"
Anxiety

Baseline-8 wk (n = 40) -0.22 -0.32° -0.39" 0.18 0.22 0.25

Baseline-16 wk (n = 38) —0.34" —0.42° —0.54° 0.38" 0.60° 0.59"

Baseline-24 wk (n = 38) -0.31 —0.48"* -0.65" 0.38" 0.58" 0.60"
Depression

Bascline-8 wk (n = 40) -0.28 -0.27 -0.32 0.44" 0.38" 0.38

Baseline-16 wk (n = 38) —0.46" -0.37" —0.49" 0.38" 0.49° 0.46'

Baseline-24 wk (n = 38) —0.46" —0.41° —0.56" 0.29 0.54" 0.51"
Stress

Baseline-8 wk (n = 40) 0.09 -0.27 —0.41" 0.25 0.31 0.31

Baseline-16 wk (n = 38) —0.23 —0.46" —0.55° 0.23 0.46" 0.46"

Baseline-24 wk (n = 38) —0.24 —0.44° —0.54° 0.21 0.41° 0.44"

HE high-frequency; LE/HE low-frequency/high-frequency; GI, gastrointestinal.

‘P < 0.01,"P < 0.05.

been evaluated in IBS patients. Mazur et al’ showed that HF pow-
er was significantly lower and the LF/HF ratio was significantly
higher in IBS-C patients than in a non-IBS control group. Fur-
thermore, among women with severe gut pain, Cain et al* found
that HE power was significantly lower and the ILF/HF ratio was
significantly higher in IBS-C patients than in IBS-D patients. Con-
stipation is a major symptom in patients with decreased parasym-
pathetic activity (indicated by lower HF power) and imbalanced
vagal/sympathetic activity (indicated by higher LE/HF ratio).”*"”
Low vagal activity may be associated with increased norepinephrine
levels,” heightened esophageal acid sensitivity,” blockage of acetyl-
choline from enteric nerves,” reduced release of serotonin in plasma
in the enterochromaffin cells,” visceral hypersensitivity, ™ inhibitory
motor neurons in the GI tract,””’ and changes in the frequency of
high-amplitude contractions in the colon.”™ In our study, all IBS-
C patients had relatively lower HF and higher LF/HF ratios at
baseline than after CBT, which was consistent with the expected
relationship between low vagal tone and IBS-C as reported in pre-
vious studies.”**"*

Our results demonstrate that CBT induced significant changes
in HRV by increasing the HF and decreasing the LLF/HF ratio.
The HRV changes after CBT indirectly indicate increased vagal
tone and decreased sympathetic power, and the CBT group also

had greater improvements in GI symptoms than the control group.

Moreover, HRV changes throughout follow-up positively correlat-
ed with IBS symptoms. In a previous study that investigated the as-
sociation between baseline HRV and changes in GI symptoms after
a cognitively focused behavioral intervention in patients with IBS,
IBS patients with lower HF and a higher L.EF/HF ratio at baseline
exhibited less benefit from the intervention with regard to GI symp-
toms than those with higher HF and lower LE/HF at baseline.”
The authors of that study suggested that IBS patients with lower
HF and higher LH/HF ratio at baseline may not be eligible for
cognitively focused behavioral interventions. However, that sample
had a mean age of 41 years (intervention group) and symptom
duration was not reported, which could affect ANS function in IBS
patients. Jarrett et al’® reported no difference in the HRV patterns
between IBS patients and healthy controls in a study of 7 to 10 year-
old children in contrast to previous studies of adults.”**** They sug-
gested that age and symptom duration could affect ANS function
in IBS patients. Likewise, we anticipated that ANS dysfunction
could be reversed with CBT in a young population because the
duration of dysfunction is shorter, and the associated physiologic
changes may not be severe. Thus, based on our sample of young
females with mean age of 21, ANS dysfunction such as sympathetic
hyperactivity and lower vagal tone may be reversible, and CBT can
improve ANS function. Furthermore, the magnitude of the increase
in the HF power and decrease in the LEF/HF ratio significantly
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correlated with the magnitude of the changes in GI symptoms.
These findings clearly suggest that HRV is a significant potential
objective marker for assessing ANS activities that are linked to the
regulation of GI symptoms in young female patients with IBS-C.

In addition to GI symptom improvement, we found that CBT
improved psychological symptoms, such as anxiety, depression, and
stress in young female nursing students with IBS-C. Deechakawan
et al” reported that a cognitively focused behavioral intervention
group had significantly lower levels of anxiety and depression at 6
and 12 months follow-up than the usual care group. However, in a
study by Zernicke et al,”’ stress levels showed a significant rebound
effect in the intervention group from post-intervention to 6-month
follow-up even if stress levels were reduced in the cognitively fo-
cused behavioral intervention group. Moreover, in a study by Chil-
cot and Moss-Morris," anxiety and depression levels were similar
between the CBT group and usual care group with a follow-up
period of 6 months. The discrepancies in the previous findings may
be attributed to differences in patients’ age, sex, education level, and
occupation. One of the reasons for the positive effects of CBT seen
in our study may be the young age of the sample of female nursing
students with IBS, who were willing to be active participants in the
therapeutic group sessions and to share their thoughts, emotions,
and behavior with their peers. Furthermore, changes in anxiety,
depression, and stress correlated with changes in HF and LF/
HF over 6 months. Jarrett et al* suggested anxiety and depressive
disorders were related to decreased parasympathetic activity, both
in women with IBS and control groups. Dishman et al* reported
that perceived emotional stress during the preceding week tended
to decrease parasympathetic nervous system tone in healthy adults.
Our results indicate that CBT could ameliorate ANS dysfunc-
tion through concomitant improvements in emotional status and
psychological functioning. It is also notable that these simultaneous
effects on HRV and psychological functioning could be sustained
for 6 months after the completion of CBT.

Overall, our findings can be interpreted in the context of a
biopsychosocial model with psychological and emotional fac-
tors interacting with physiological phenomena and perceptions
of symptoms.*™* In patients with IBS, psychological distress (eg,
anxiety, depression) is known to be associated with the onset and
exacerbation of IBS symptoms."***** The pathogenesis of this as-
sociation between psychological distress and IBS symptoms may be
explained by the dysregulations of the brain-gut axis which connects
cognitive and emotional centers in the CNS with visceral afferent
sensation, intestinal motility and secretion of the digestive tract.”**

Therefore, psychological interventions such as CBT can reduce the

Effects of CBT on HRV in Young Females with IBS-C

severity of GI symptoms while improving physical and psychologi-
cal functions by reducing the negative impact of CNS activity on
gut function in patients with IBS."***>*

IBS symptom assessment is very important for determining
the efficacy of certain treatment in IBS. However, severe refractory
symptoms may preclude clinical decision making. In such cases, di-
agnostic tests such as endoscopy should not be delayed because IBS
symptoms often overlap with more serious organic diseases, such as
inflammatory bowel disease and gastrointestinal cancer. In contrast,
patients with severe IBS symptoms in the absence of organic disease
could be subjected to unnecessary repeated tests.*' Therefore,
more reliable objective biomarkers are needed to supplement patho-
physiologic disease status to assess the efficacy of certain therapies
and avoid unnecessary invasive tests with unintended procedure-
related adverse effects. Objective biomarkers have been evaluated
based on pathophysiologic mechanisms of IBS. One of the main
mechanisms is the dysfunction of the brain-gut axis, particularly
the ANS. HRYV is a noninvasive, relatively easy and cost-effective
method to evaluate ANS function indirectly. Whether changes in
HRYV are specific to IBS-C patients has not been established; that
is, HRV itself cannot be generalized as a biomarker for IBS-C.
However, HRV may be used to assess patients’ response to CBT.
For example, if the HRV pattern changes from a lower to higher
HF power, somatic symptoms of IBS-C patients may be improved
through continuing CBT.

The current study has several limitations. First, IBS patients as-
signed to CBT may have had a placebo effect, which is particularly
applicable to certain conditions for which symptoms are subjective
and chronic, such as IBS.” Owing to the nature of the intervention,
participants may have known they were assigned to the treatment
group and expected positive results. To reduce treatment bias, a
third-party researcher who was blinded to group assignments moni-
tored symptoms and HRV. Second, it included no healthy partici-
pants to compare the HRV responses with those of the intervention
group. In future studies, healthy participants should be included
to validate HRV as a biomarker for distinguishing and treating
patients with IBS. Third, all participants were females to control
for sex-based differences in coping styles, levels of somatic and
psychological symptoms, and physiological responses.*”"* Thus, the
findings may not be applicable to males or middle-aged and older
populations with IBS-C. Fourth, we focused on only IBS-C be-
cause of its more prominent autonomic dysfunction among the IBS
types.”” Therefore, the findings are specific to IBS-C at this point.
Future studies should identify changes in the ANS in IBS sub-
typed by the predominant stool pattern for the efficacy of CBT to
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demonstrate the clinical utility of HRV as a reliable indicator. Last,
based on the Rome 111 criteria, the GI symptoms of the participants
in this study were not severe. Inclusion of a larger sample size and
participants with more severe GI symptoms in a future study will
provide more power to identify correlations between the role of the
ANS and the efficacy of CBT in IBS patients to improve physical
and psychological functioning.

In conclusion, CBT can increase HF power and decrease the
LF/HF ratio, resulting in the improvement of ANS activities with
a close correlation to GI symptoms in young female patients with
IBS-C. Indirect measurement of ANS activity using HRV may be
a useful objective parameter for assessing the response to CBT in
young female patients with IBS-C. However, the causal relationship
between HRV and other behavioral outcomes should be investigated
in a larger sample including both sexes and other subtypes of IBS.
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