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The association between
heart rate variability and skin
conductance: a correlation
analysis in healthy individuals
and patients with somatic
symptom disorder comorbid
with depression and anxiety
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Shih-Cheng Liao2,5

Abstract

Objective: To investigate the correlations between heart rate variability (HRV) and skin

conductance (SC) in two populations under three different situations.

Methods: This cross-sectional study enrolled patients with somatic symptom disorder comorbid

with depression and anxiety and healthy individuals without a psychiatric history. The biological

signals were measured under three conditions: resting state, during a cognitive task and during

paced breathing. Pearson’s correlation analysis and the generalized estimating equation were used

to examine the correlations between SC and HRV in the two populations under the three

situations.

Results: The study enrolled 97 patients with somatic symptom disorder comorbid with depres-

sion and anxiety and 96 healthy individuals. In healthy individuals, the ratio of low-frequency

power to high frequency power (LF/HF) and normalized LF (LF%) were significantly correlated

with SC in the resting state and during a cognitive task, but the correlation coefficients were low

level. In patients with somatic symptom disorder comorbid with depression and anxiety, LF/HF

and LF% did not show significant correlations with SC under any situation.
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Conclusions: The two different populations and three situations might have affected the

significance of the LF/HF-SC and LF%-SC correlations. The generally low correlations indicate

that LF/HF and LF% cannot fully reflect the sympathetic cholinergic activity represented by SC.
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Introduction

Heart rate variability (HRV) has been

widely applied in the psychiatric field. It is
viewed as a candidate biomarker of many

psychiatric disorders and often considered
as an index of psychological pressure, the

observing target in biofeedback therapy.1,2

The biological meaning of HRV is often

viewed as an indicator of autonomic activ-
ity; for example, high-frequency power

(HF) and root mean square of successive
differences (RMSSD) are considered as

parasympathetic indices, whereas total
power and standard deviation of normal-

to-normal RR intervals (SDNN), which
represent the total variability, are also sug-

gested to reflect mainly parasympathetic
modulation.1–3 With regard to sympathetic

activity, some scholars suggested that nor-
malized low-frequency power (LF%) and
the ratio of low-frequency power to high-

frequency power (LF/HF) can reflect
sympathetic function, but this is still con-

troversial; low-frequency power (LF) is
often considered to be modulated by both

sympathetic and vagal systems.2,4

The controversy about LF/HF can be
understood from the physiological aspect.

The proportion of sympathetic activity in
LF is not fixed; it would fluctuate in differ-
ent situations.2 Under a resting sitting

condition, LF is mainly contributed by
parasympathetic and baroreflex activities

rather than sympathetic activity.2 Low
respiratory rate causes LF to reflect more
parasympathetic activity.2 LF/HF with
recording times of 24 hr and 5min were
found to correlate poorly.5 Because LF is
modulated by several systems, and the
activity of these systems fluctuated in differ-
ent situations, it is hard to extract a quan-
titative value of sympathetic tone in
mathematical ways. Therefore, even HF is
widely accepted as a valid parasympathetic
biomarker, viewing LF/HF as an index of
sympathovagal balance or sympathetic
index may be an over-simplified approach.
Clarifying the biological mechanisms of the
distinct HRV indicators should be meaning-
ful for understanding the neurological pro-
cess related to the psychological phenomena.

Along with the flourishing of biofeed-
back therapy, there are now convenient
instruments that can measure HRV and
other biological signals concurrently.6,7

Among these biological signals, some are
considered more representative for reflect-
ing sympathetic activity than HRV, such as
skin conductance (SC);8,9 although SC
cannot be viewed as the gold standard of
sympathetic activity. Therefore, if SC and
HRV can be recorded at the same time, cor-
relation analyses can be performed to clar-
ify their associations. In this manner, the
question of whether HRV can provide
meaningful data about sympathetic activity
can be further clarified.
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Another interesting issue is whether the
associations between HRV and SC are
affected by different populations and con-
ditions. In the psychiatric field, HRV is
often applied in patients with depression,
anxiety and somatic symptoms; these emo-
tional and somatic problems have a high
tendency for comorbidity.10–14 Besides the
resting state HRV, the HRV reactivity
design has been studied increasingly in
recent years.15–17 Common approaches to
HRV reactivity designs include the biologi-
cal and psychological challenging of sub-
jects.8,13 As mentioned above, short-term
stress and changing respiratory rate may
change the proportion of the sympathetic
component in LF.2 Thus, this current
study was interested in whether the correla-
tions between HRV and SC have distinct
patterns with different populations and sit-
uations. The current study also aimed to
investigate whether the respiratory rate
affects the above correlations.

The main objective of the present study
was to investigate the correlations between
HRV (especially LF/HF and LF%) and SC
in two different populations under three
different situations. The situations included
resting state, during cognitive tasks and
during paced breathing. The populations
included healthy individuals and patients
with somatic symptom disorder comorbid
with depression and anxiety.

Patients and methods

Participants

This cross-sectional study enrolled consecu-
tive psychiatric patients visiting the outpa-
tient clinic at of the National Taiwan
University Hospital Yunlin Branch
(NTUHYL), Yunlin with somatic symptom
disorder comorbid with depression and
anxiety; and consecutive healthy individuals
without psychiatric history living in the
communities near the NTUHYL by posting

advertisements between January 2019 and

December 2020. The inclusion criteria

were as follows: (i) somatic symptom disor-

der; or (ii) healthy population without psy-

chiatry history. The exclusion criteria were

as follows: (i) <20 or >70 years old;

(ii) psychotic symptoms; (iii) difficulty com-

pleting the questionnaires or measurement

of signals; (iv) lethal physical illness; (v) dis-

eases that obviously affect HRV or SC

(arrhythmia, heart diseases, diabetes melli-

tus); (vi) medications that obviously affect

HRV or SC (anti-arrhythmic agents, tricy-

clic antidepressants, multi-acting-receptor-

targeted-antipsychotics). After providing

informed consent, eligible participants com-

pleted questionnaires on their psychological

states and demographic data and then

received biological signal measurement in

three situations (i.e. resting state, under

cognitive task and under paced breathing).
The diagnosis of somatic symptom dis-

order was confirmed by a board-certified

psychiatrist (W.L.H.). Common comorbid-

ities in these patients included major

depressive disorder, panic disorder and gen-

eralized anxiety disorder. Because of the

high tendency of these comorbidities, ques-

tionnaires that reflected the level of somatic

distress (Patient Health Questionnaire-15),

hypochondriacal ideation (Health Anxiety

Questionnaire), depression (Beck Depression

Inventory-II) and anxiety (Beck Anxiety

Inventory) were used for presenting their psy-

chological features.18–21 This approach was

considered to be more suitable than separat-

ing them according to the dichotomous diag-

nosis.22,23 The data used for analysis were

de-identified.
The Institutional Review Board of

National Taiwan University Hospital,

Taipei approved the study (Approval

number: 201607029RIND). All study par-

ticipants provided written informed con-

sent. The reporting of this study conforms

to STROBE guidelines.24
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Heart rate variability

The study participants, in clear conscious-

ness and a sitting position, were subjected to

three 5-min HRV measurements using

ProComp5 InfinitiTM (Thought Technology,

Montreal, Canada); similar equipment that

had been applied in other HRV studies.25,26

The raw signals of heart rate were from lead

I electrocardiography and were gathered at

a sample rate of 2048Hz. The raw signals

were then managed via the CardioPro

Infiniti HRV analysis module (Thought

Technology). In this step, non-periodic

signals were removed and the inter-

beat intervals (IBI) were generated.

Electrocardiographic signals were inspected

manually for excluding the obvious arti-

facts. Only a low proportion of signals

was removed; the mean data length after

this step was 289 s. SDNN was calculated

from the IBI data and fast Fourier transfor-

mation was performed to generate the

frequency-domain HRV data: the three

frequency bands were <0.04Hz (very-

low-frequency power, VLF), 0.04–0.15Hz

(low-frequency power, LF) and 0.15–0.4Hz

(high-frequency power, HF). The LF/HF

ratio, LF% and normalized HF (HF%)

were calculated from the above data.25,26

Skin conductance

The values of SC were gathered at the same

time as HRV using ProComp5 InfinitiTM.

For measuring SC, two electrodes were con-

nected to the participant’s two fingers of

one hand.27 Ethanol was used to prepare

the skin area before recording signals. No

conductive gel was used. The main param-

eter of SC is the amplitude of the electro-

dermal activity with the unit mS. Manual

inspection was performed for removing

obvious artifacts of SC also. SC for the pre-

sent study (the mean value over 5min)

mainly corresponded to the ‘tonic’ rather

than the ‘phasic’ SC response.28–30 The

sampling rate of the SC was 256Hz.

Situations of measurement

The change of biological signals in three

5-min situations were measured, with a

1-min interval between each. The similar

protocol (including 1-min interval) has

been adopted in other studies.16 The first

situation was the resting state, where partic-

ipants were subjected to measurement

without any specific physiological or psy-

chological manipulation. The second situa-

tion was during a cognitive task, where

participants performed a computer-based

colour-word Stroop task. There were three

colours (red, blue, green) revealed in

Chinese characters in the task; the partici-

pants were asked to answer the correct

colour verbally as soon as possible. The

purpose of doing a mental task was to

increase the pressure during the process;

therefore, the participant’s performance of

the task was not recorded. The third situa-

tion was paced breathing. All participants

were asked to breath slowly (the respiratory

rate was 0.1Hz) by computer instruction.

This frequency is commonly used in bio-

feedback therapy and has been reported to

enhance relaxation.31 In this current study,

no participants reported overt discomfort

during this process. The durations of inspi-

ration and expiration were 4 s and 6 s,

respectively. Slow breathing is considered

to elevate HRV and parasympathetic activ-

ity, but the main frequency band of vagal

activity moves from HF to LF.2 The mea-

sured mean respiratory rates of the three

conditions were 14.36/min, 13.21/min and

7.08/min, respectively.

Statistical analyses

All statistical analyses were performed

using IBM SPSS Statistics for Windows,

Version 25.0 (IBM Corp., Armonk, NY,
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USA). The available case method was
adopted for handling missing data.
Independent t-test and v2-test were used to
compare the demographic data, scores of
psychological questionnaires, SC and some
HRV values in the two populations.
Because the possible skewness of the fre-
quency domain HRV indices (VLF, LF,
HF, LF/HF), they were logarithmically
transformed first. Shapiro–Wilk test was
then used to examine the distribution nor-
mality. Mann–Whitney U-test was used to
compare the values between the two groups
for the indices that were not normally dis-
tributed. Pearson’s correlation analysis was
used to explore the relationships between
HRV and SC. The values r< 0.3, 0.3� r<
0.5, 0.5� r< 0.7, 0.7� r< 0.9, �0.9 are
often considered to represent negligible,
low, moderate, high and very high level of
correlation, respectively.32 In this step, the
data of healthy individuals and psychiatric
patients in different situations were ana-
lysed separately. Considering the repeated
measurement in the three situations, the
generalized estimating equation (GEE)
was used to analyse whether the association
between HRV and SC was affected by sit-
uations or populations. The model was: SC
as dependents; LF/HF, situations and pop-
ulations as independents. The unstructured
working correlation matrix and the robust
standard error estimator were used in the
GEE. The above analyses were all two-
sided and a P-value <0.05 was considered
statistically significant.

Results

This cross-sectional study analysed the data
from 97 patients with somatic symptom dis-
order comorbid with depression and
anxiety and 96 healthy individuals. The
demographic and psychological features of
the two groups are shown in Table 1.
Patients with somatic symptom disorder
comorbid with depression and anxiety

showed significantly lower educational
years, a lower proportion having a steady
job and a lower body mass index than the
healthy individuals (P< 0.05 for all com-
parisons). As expected, all psychopatholog-
ical scores (somatic distress, health anxiety,
depression, general anxiety) were signifi-
cantly higher in patients with somatic
symptom disorder comorbid with depres-
sion and anxiety than in healthy individuals
(P< 0.001 for all comparisons). Table 2
presents the HRV and SC data in the two
populations under three situations. Under
the three situations, SC was not significant-
ly different in the two populations. Most
HRV indices were also not significantly dif-
ferent between the two groups, but there
were two exceptions. LF% was significantly
lower in patients with somatic symptom dis-
order comorbid with depression and anxi-
ety than in healthy individuals under all
three situations (P< 0.05 for all compari-
sons); and VLF was significantly lower in
patients with somatic symptom disorder
comorbid with depression and anxiety
than in healthy individuals in the resting
state (P¼ 0.037).

The associations between HRV and SC
in each group and under the three situations
are shown in Table 3 and Figure 1. SDNN,
VLF and HF did not show significant cor-
relations with SC in any situation and
group. LF was significantly associated
with SC in the resting state in patients
with somatic symptom disorder comorbid
with depression and anxiety, but the corre-
lation coefficient was low (r¼ 0.215;
P< 0.05). In healthy individuals, LF/HF,
LF% and HF% were significantly correlat-
ed with SC in the resting state (r¼ 0.368,
r¼ 0.360, r¼ –0.367, respectively; P< 0.05
for all correlations) and under the cognitive
task (r¼ 0.227, r¼ 0.229, r¼ –0.311, respec-
tively; P< 0.05 for all correlations). The
significance was not observed under paced
breathing. In patients with somatic symp-
tom disorder comorbid with depression
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and anxiety, only under paced breathing
were HF% and SC significantly correlated
(r¼ 0.204; P< 0.05). LF% and LF/HF did
not show significant correlations with SC in
any situations in patients with somatic
symptom disorder comorbid with depres-
sion and anxiety.

In the GEE models considering the
effects of the three situations, LF/HF and
SC did not show any significant association
and neither did the interaction items
between situation*LF/HF and population*
LF/HF (Table 4). The main effects of situ-
ation on SC were significant (P< 0.001 for
both correlations).

Discussion

The major findings in this present study
were that in some situations (i.e. the resting

state and under a cognitive task), LF/HF

and LF% were significantly correlated

with SC in healthy individuals, but the cor-

relations were not significant in any situa-

tion for patients with somatic symptom

disorder comorbid with depression and

anxiety.
In the literature, whether LF% and LF/

HF can represent sympathetic modulation

is controversial. Some authors support their

sympathetic tendency,4 whereas others sug-

gest them to reflect sympathovagal balance

or an unclear meaning.15 Despite some

studies suggesting that LF-related indices

do not accurately reflect sympathetic

tones,33 interpreting them as sympathetic

indices is not rare in clinical situations.34

This current study found that LF% and

LF/HF did not show moderate or higher

Table 1. Demographic and psychological characteristics of patients (n¼ 97) with somatic symptom dis-
order comorbid with depression and anxiety and healthy individuals (n¼ 96) that were included in a cross-
sectional study investigating the correlation between heart rate variability and skin conductance.

Characteristic

All study

participants

n¼ 193

Patients with somatic

symptom disorder

comorbid with

depression and

anxiety n¼ 97

Healthy

individuals

n¼ 96

Statistical analysisa

t/X2 P-value

Age, years 43.21� 11.26 44.31� 11.94 42.10� 10.48 1.364 NS

Sex, male 72 (37.3%) 40 (41.2%) 32 (33.3%) –1.289 NS

Educational level, years 14.33� 2.81 13.21� 3.01 15.47� 2.05 –6.112 P< 0.001

Marital status, married 115 (59.6%) 60 (61.9%) 55 (57.3%) –0.417 NS

Employment status,

having a steady job

143 (74.1%) 60 (61.9%) 83 (86.5%) –15.215 P< 0.001

Exercise habits, having

exercise habits

61 (31.6%) 28 (28.9%) 33 (34.4%) –0.677 NS

Body mass index, kg/m2 23.56� 4.25 22.96� 3.92 24.16� 4.50 –1.981 P¼ 0.049

Psychological status scores

PHQ-15 7.93� 6.20 11.77� 5.49 4.04� 4.11 11.084 P< 0.001

HAQ 18.83� 14.11 26.91� 14.25 10.59� 7.81 9.865 P< 0.001

BDI-II 14.01� 12.88 21.80� 12.40 6.13� 7.42 10.673 P< 0.001

BAI 12.64� 12.43 21.18� 11.47 4.02� 5.46 13.283 P< 0.001

Data presented as mean� SD or n (%).
aContinuous data were compared using independent t-test and categorical data were compared using v2-test; NS,

no significant difference (P� 0.05).

PHQ-15, Patient Health Questionnaire-15; HAQ, Health Anxiety Questionnaire; BDI-II, Beck Depression Inventory-II;

BAI, Beck Anxiety Inventory.
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correlations with SC in either group or
under any of the three situations.
Therefore, if viewing SC as a valid sympa-
thetic index, using LF% and LF/HF as
sympathetic indicators is not supported by
these current results. In the resting state and
for healthy individuals, the values of LF%-
SC and LF/HF-SC were the highest.

This implies that in this population and sit-
uation, LF% and LF/HF may be more sim-
ilar with the rhythm SC reflects, but
considering the low level of correlation,
simply viewing them as sympathetic bio-
markers is still questionable. In addition,
in all situations the correlation between
LF/HF and LF% was moderate to high,

Table 2. Skin conductance and heart rate variability data under three situations in patients (n¼ 97) with
somatic symptom disorder comorbid with depression and anxiety and healthy individuals (n¼ 96).

All study

participants

n¼ 193

Patients with somatic

symptom disorder

comorbid with

depression and

anxiety n¼ 97

Healthy

individuals

n¼ 96

Statistical analysisa

t/U P-value

(a) Resting state

Skin conductance, mS 0.59� 0.50 0.55� 0.43 0.62� 0.57 –0.916 NS

SDNN, ms 48.80� 36.75 45.76� 37.78 51.87� 35.61 –1.157 NS

VLF, ln[ms2] 4.10� 1.04 3.94� 1.12 4.26� 0.95 –2.105 P¼ 0.037

LF, ln[ms2] 4.25� 1.30 4.11� 1.41 4.37� 1.18 –1.362 NS

HF, ln[ms2] 3.97� 1.51 3.93� 1.56 4.02� 1.46 4564.500# NS

LF/HF, ln[ratio] 0.27� 0.91 0.19� 0.93 0.35� 0.88 –1.241 NS

LF% 32.30� 14.10 30.07� 14.70 34.55� 13.18 –2.227 P¼ 0.027

HF% 29.63� 16.03 29.63� 17.85 29.63� 14.05 0.001 NS

(b) Under cognitive task

Skin conductance, mS 1.13� 0.92 1.07� 0.73 1.18� 1.08 –0.804 NS

SDNN, ms 61.29� 45.93 56.94� 48.45 65.68� 43.05 –1.325 NS

VLF, ln[ms2] 4.11� 1.04 3.99� 1.07 4.22� 1.01 4994.000# NS

LF, ln[ms2] 4.61� 1.23 4.49� 1.26 4.72� 1.19 4776.000# NS

HF, ln[ms2] 4.54� 1.43 4.50� 1.44 4.57� 1.42 4483.000# NS

LF/HF, ln[ratio] 0.07� 0.71 –0.00� 0.74 0.14� 0.67 4828.000# NS

LF% 33.74� 12.20 31.91� 13.21 35.59� 10.85 –2.116 P¼ 0.036

HF% 31.78� 12.27 31.68� 14.01 31.89� 10.28 –0.121 NS

(c) Under paced breathing

Skin conductance, mS 1.20� 1.17 1.14� 0.90 1.27� 1.40 –0.769 NS

SDNN, ms 72.97� 48.65 70.54� 52.16 75.42� 44.97 –0.696 NS

VLF, ln[ms2] 3.91� 1.11 3.81� 1.26 4.01� 0.96 4883.000# NS

LF, ln[ms2] 5.81� 1.12 5.75� 1.18 5.86� 1.07 –0.679 NS

HF, ln[ms2] 4.48� 1.50 4.50� 1.56 4.47� 1.45 0.141 NS

LF/HF, ln[ratio] 1.32� 1.07 1.25� 1.13 1.39� 1.00 –0.915 NS

LF% 63.21� 20.57 60.05� 24.04 66.41� 15.84 –2.170 P¼ 0.031

HF% 18.60� 12.58 19.22� 14.13 17.98� 10.83 0.688 NS

Data presented as mean� SD.
aContinuous data were compared using independent t-test; NS, no significant difference (P� 0.05); #Mann–Whitney U-test

was used when data were not normally distributed.

SDNN, standard deviation of normal to normal RR intervals; VLF, very low-frequency power; LF, low-frequency power;

HF, high-frequency power; LF/HF, ratio of low-frequency power to high-frequency power; LF%, normalized low-frequency

power; HF%, normalized high-frequency power.
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which is similar to the result of a previous

study.4

Another issue is that whether there is a

sympathetic index reflecting the ‘general’

sympathetic tone. Both HRV and SC are

generated from peripheral effectors; their

values cannot be directly viewed as the cen-

tral autonomic activity. It is possible that

their low associations were originated

from the distinct natures of the effectors.

For example, SC is related to sympathetic

cholinergic regulation; and HRV is modu-

lated by both sympathetic noradrenergic

and vagal cholinergic mechanisms.35 This

point may also explain the distinct correla-

tion patterns in healthy individuals and in

patients with somatic symptom disorder

comorbid with depression and anxiety.

Although patients taking tricyclic antide-

pressants were excluded in the current

study, some patients took medications

involving noradrenergic mechanism, such

as serotonin–norepinephrine reuptake

inhibitors (SNRIs). Although SNRIs are

not usually found to increase or reduce

HRV values, the possibility that these

drugs had different impacts on the distinct

effectors cannot be excluded.36

The significant correlation between

HF% and SC under paced breathing in

patients with somatic symptom disorder

comorbid with depression and anxiety is

an accidental finding, though the level of

correlation was low. HF% is sometimes

viewed an index of vagal activity, but

from the mathematical viewpoint, it is

closer to LF% and LF/HF.37 This can

explain the significant negative associations

between HF% and SC under the resting

state and cognitive task in healthy individ-

uals. But it is difficult to draw a mechanism

for their positive correlation in the somatic

symptom disorder group under paced

breathing. Whether the significance is asso-

ciated with the probabilistic reason awaits

further clarification.T
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Under a cognitive task, SC showed neg-

ligible correlations with LF/HF and LF%;

under paced breathing the correlations

SC-LF/HF and SC-LF% were even lower.

Slow paced breathing has been reported to

change the physiological meaning of LF.2 It

would cause the respiratory-based vagal

tone to move to the lower frequency

band.2 Therefore, LF would reflect more

parasympathetic activity in this condition;

it is rational that the meaning of LF/HF

and LF% also changes. According to

these current results, the sympathetic com-

ponent of LF/HF and LF% would be lower

under paced breathing. Recording biologi-

cal signals during cognitive tasks is a

common study design to investigate the

physiological reactivity; and LF/HF is one

of the frequently used indicators.13 These

current results imply that it is not suitable

to interpret LF/HF as the sympathetic bio-

marker under tasks. A similar viewpoint

has been mentioned in other studies.8,38

Although low HRV (vagal based, such

as HF, RMSSD and SDNN) has been

reported in patients with depression, anxi-

ety and somatic symptoms in meta-

analyses, the effect sizes were usually low

to medium.13,39 Therefore, in studies with

a low sample size, HRV between these

patients and healthy individuals was often

not significantly different.13,40 Another

Figure 1. Correlations between the ratio of low-frequency power to high-frequency power (LF/HF) and
skin conductance (SC) under three situations in patients (n¼ 97) with somatic symptom disorder comorbid
with depression and anxiety (a) and healthy individuals (n¼ 96) (b). The colour version of this figure is
available at: http://imr.sagepub.com.
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explanation for the non-significant HRV

difference is the effect of confounders. For
example, body mass index has been reported

to affect HRV;41 and it was significantly dif-
ferent in the two populations of the current

study. The current results further indicate
that SC is unlikely to be an index that can

distinguish patients with depression, anxiety

and somatic symptoms from healthy individ-
uals. However, the current study found that

LF% was significantly higher in patients
with somatic symptom disorder comorbid

with depression and anxiety than in healthy

individuals; this is not a frequently men-
tioned finding in the literature and may

have potential for future investigation.
This current study had several limita-

tions. First, SC was adopted as a valid sym-

pathetic indicator in this study, but it
cannot be considered as the gold standard

of autonomic activities.42 SC can be affect-
ed by skin temperature and skin texture.43

Several different concepts can be separated

from SC or epidermal activity.44,45 For
example, not only skin conductance level

reflects sympathetic activity; the spontane-
ous fluctuations of SC are also sympathetic-

driven and may represent more association
with psychological stimuli.46 But they were

not investigated in detail in the present
study. Pre-ejection period may be a more

valid measurement of sympathetic modula-
tion on the heart, but it is less frequently

used in the literature than SC.8 The current
study chose to use SC because of its wide

application in clinical situations and rela-
tively clear biological meaning, which

might be enough to clarify the core question
of this current research. Secondly, although
somatic symptom disorder is quite common

in the clinical practice of psychosomatic
medicine and is frequently comorbid with

anxiety/depression, the results cannot nec-
essarily be extended to patients with other

psychiatric disorders. In addition, the cur-
rent sample might also be different to those

patients only having somatic symptom
disorder (no depression/anxiety comorbid-
ities). Depression and anxiety may have an

influence on autonomic activities. Thirdly,
although individuals taking medications

with autonomic influence were excluded,
not all participants in this study were drug

naı̈ve. In the population with somatic
symptom disorder comorbid with depres-

sion and anxiety, many people were taking
selective serotonin reuptake inhibitors,
SNRIs or benzodiazepines. But these three

Table 4. Generalized estimating equation models about the correlations between the ratio of low-
frequency power to high-frequency power (LF/HF) and skin conductance (SC) in patients (n¼ 97) with
somatic symptom disorder comorbid with depression and anxiety (A) and healthy individuals (n¼ 96).

Outcome SC

Variable Level Estimate (SE) P-value

Situation 2 versus 1 0.536 (0.148) P< 0.001

3 versus 1 0.561 (0.130) P< 0.001

Population 1 versus 0 –0.151 (0.104) NS

LF/HF – –0.045 (0.070) NS

Situation*LF/HF 2 versus 1 –0.018 (0.082) NS

3 versus 1 0.043 (0.070) NS

Population*LF/HF 1 versus 0 –0.009 (0.005) NS

NS, no significant correlation (P� 0.05).

Situation 1: resting state; situation 2: under cognitive task; situation 3: under paced breathing; population 0: healthy

individuals; population 1: patients with somatic symptom disorder comorbid with depression and anxiety.
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types of medications were not found to
significantly affect autonomic activity
in previous studies.36,39,47 Some other con-
ditions may also interfere with the results,
such as being overweight, underweight,
smoking, activity level, detailed medications
and having endocrinological diseases other
than diabetes mellitus; but these were not
exclusion criteria for this current study.
Because age is an important factor affecting
autonomic activity,48 the wide age range
(20–70 years) of this current study is anoth-
er potential limitation. These potential
confounders might also contribute to the
non-significant difference of most HRV
and SC indices between the two groups.
Fourthly, the performance of the Stroop
task was not recorded. The level of psycho-
logical pressure was hence hard to quantify.
It was not possible to analyse the influence
of pressure on autonomic activity. As the
participants answered the task verbally,
HF might be affected by modified respira-
tory rate during vocalization.

In conclusion, the biological meaning
and applicability of HRV in different situa-
tions and populations were examined in this
current study. No HRV index demonstrat-
ed a moderate or high correlation with SC.
The correlation between LF/HF and SC
was >0.3 only in healthy individuals and
in the resting state, which indicates that
simply viewing LF/HF as a sympathetic
index may be a questionable approach.
These current findings may provide a clear-
er understanding on the application of
HRV in the psychiatric field.
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