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Abstract

Background. Altered heart rate variability (HRV), an index of autonomic nervous system
function, has been reported in generalized anxiety disorder (GAD), but the results have
been mixed. Thus, the present study, using a large sample size and better methodology,
aims to examine whether GAD is associated with impaired HRV, both at rest and in response
to posture challenges.
Methods. In total, 1832 participants were recruited in this study, consisting of 682 patients
with GAD (including 326 drug- and comorbidity-free GAD patients) and 1150 healthy
controls. Short-term HRV was measured during the supine-standing-supine test (5-min per
position). Propensity score matching (PSM), a relatively novel method, was used to control
for potential confounders.
Results. After PSM algorithm, drug- and comorbidity-free GAD patients had reductions in
resting (baseline) high-frequency power (HF), an index for parasympathetic modulation,
and increases in the low-frequency/HF ratio (LF/HF), an index for sympathovagal balance
as compared to matched controls. Furthermore, the responses of HF and LF/HF to posture
changes were all attenuated when compared with matched controls. Effect sizes, given by
Cohen’s d, for resting HF and HF reactivity were 0.42 and 0.36–0.42, respectively.
Conclusions. GAD is associated with altered sympathovagal balance, characterized by attenu-
ation in both resting vagal modulation and vagal reactivity, with an almost medium effect size
(Cohen’s d≈ 0.4), regardless of medication use or comorbidity status.

Introduction

Generalized anxiety disorder (GAD) is a chronic and highly prevalent anxiety disorder that is
characterized by excessive worry associated with fatigue, restlessness, muscle tension, irritability,
sleeping difficulty, and concentration problems (Kessler et al., 2008). In addition to cognitive
and emotional anxiety symptoms, individuals with GAD exhibit a variety of autonomic
dysfunction symptoms, including palpitations, sweating, hot flashes, and shaking (Jetty et al.,
2001; Tully et al., 2013). GAD has been linked to the onset and progression of cardiac disease,
and in many instances has been associated with adverse cardiovascular outcomes
(Frasure-Smith and Lesperance, 2008; Martens et al., 2010; Tully et al., 2015). Autonomic
dysregulation underlying the disorder has been proposed to be responsible for the link between
GAD and cardiovascular morbidity and mortality.

The autonomic nervous system (ANS) has two distinct divisions, namely the sympathetic
(SNS) and parasympathetic nervous systems (PNS), that link the brain and the heart. The PNS
regulates heart rate (HR) via the vagus nerve arising from the brain stem region. Efferent vagal
fibers functionally slow HR and actively counteract the opposing effects of SNS on the heart.
Because SNS and PNS firing alters spontaneous sinus node depolarization, HR and rhythm
thus convey information about ANS influence on the heart. To date, analysis of spectral
heart rate variability (HRV), a noninvasive assessment of subtle beat-to-beat variations in
HR, has gained widespread acceptance in assessing ANS modulation (Chalmers et al.,
2014). Of note, spectral HRV examination during the supine-standing-supine test (5 min in
each position) has recently been used with psychiatric disorders (Tonhajzerova et al., 2010;
Chang et al., 2013a) and cardiovascular diseases (Galuszka et al., 2004). This test can measure
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the dynamic loading of the ANS, reflecting a shift from PNS pre-
dominance at rest to SNS control while standing, and also SNS
predominance while standing to PNS dominance during supine
recovery (Galuszka et al., 2004).

In most previous studies, the association between GAD and
HRV has been evaluated under resting conditions; however, the
results of those studies have been mixed. Some studies, including
ours, have showed that GAD patients exhibit increases in HR and
decreases in variability (i.e. low vagal control) at rest as compared
to healthy controls (Lyonfields et al., 1995; Thayer et al., 1996;
Chang et al., 2013b; Pittig et al., 2013; Kemp et al., 2014).
However, no differences in resting HRV vagal modulation have
been reported (Hammel et al., 2011; Fisher and Newman, 2013;
Levine et al., 2016), and Licht et al. (2009) demonstrated that rest-
ing vagus-mediated HRV reductions in patients with GAD are
driven by the effects of antidepressants alone but not by GAD
itself. Moreover, a small sample size study reported higher resting
vagally-mediated HRV in patients with GAD (n = 11) as
compared to control subjects (n = 41) (Shinba, 2017).

Relatively little research has examined the relationship between
GAD and HRV reactivity, and also with inconsistent results. The
first study, conducted by Lyonfields et al. (1995) and including 30
participants, reported that patients with GAD showed blunted
changes in HR and vagal index of HRV through experimental
worry and adverse imagery induction. However, subsequent stud-
ies with small sample sizes (range: 35–118) have revealed no dif-
ferences in vagal reactivity to mental stress tasks (Hammel et al.,
2011; Fisher and Newman, 2013; Diamond and Fisher, 2016).
Furthermore, contrary to the above findings, two small-scale stud-
ies (both sample sizes⩽42) have reported that GAD exhibited
greater HR in response to hyperventilation tasks (Pittig et al.,
2013), and was associated with greater vagal withdrawal during
both imagery and worry induction than in controls (Levine
et al., 2016).

Obviously, the previous conflicting findings may be due to
underpowered data collected from relatively small sample sizes,
and confounding effects from medications (e.g. antidepressants).
Furthermore, several factors, such as age, sex, body mass index
(BMI: kg/m2), smoking status, habitual physical activity, medical
conditions, and comorbid mental disorders, may have an impact
on ANS function (Pradeep et al., 2012; Jiang et al., 2015; Alvares
et al., 2016). Failure to control these confounding effects may also
be responsible for mixed results. Moreover, inadequate adjust-
ment of confounding factors may lead to a statistical artifact
known as ‘reversal paradox’ – the relationship between two vari-
ables may be reversed, diminished, or enhanced when another
variable is statistically controlled (Tu et al., 2008). Thus, to
address all these issues, analyses with a large sample size and bet-
ter methodology are needed. Propensity score matching (PSM), a
relatively new method, has been applied to reduce bias by assem-
bling a sample in which confounding factors are balanced
between groups (McCaffrey et al., 2013). The PSM technique
has distinct advantages over traditional regression-based
approaches, including (1) ability to analyze observational data
to ‘mimic’ the design of randomized controlled trials, (2) capture
of complex non-linear relationships between groups and covari-
ates without overfitting, (3) bias reduction by assessing the pro-
pensity score without regard to outcome variables, and (4)
being more interpretable and less prone to violations of model
assumptions (McCaffrey et al., 2013). Thus, in addition to the
conventional regression approach, PSM was used as a more
reliable covariate adjustment method in the present study.

The aim of this study, using a large cohort with appropriate
covariate adjustment, was to test whether GAD patients, particu-
larly those free of drug use and comorbidity, had altered patterns
of HRV at rest and/or in response to postural challenges, as
compared to healthy controls.

Methods

Participants

The research protocol was reviewed and approved by the
Institutional Review Board of Tri-Service General Hospital
(TSGH), a medical teaching hospital belonging to the National
Defense Medical Center in Taipei, Taiwan. The study participants
were all unrelated ethnic Han Chinese. Before research began, all
participants signed informed consent forms. Their demographics
and lifestyle variables were obtained, including age, gender, BMI,
smoking status (yes/no) and habitual exercise (yes/no). Subjects’
systolic (SBP) and diastolic blood pressure (DBP) were also
recorded.

In total, we recruited 1832 subjects. The patient group con-
sisted of 682 patients with GAD, who were recruited from clinical
settings at TSGH. Each patient was evaluated by an attending
psychiatrist using the Chinese Version of the Mini-International
Neuropsychiatric Interview (MINI) (Sheehan et al., 1998) to
reach the DSM-IV criteria for a primary diagnosis of GAD.
Participants with a comorbid diagnosis of organic brain disease
(e.g. stroke), schizophrenia, bipolar disorder, or substance
dependence were excluded. However, depression (e.g. major
depression, dysthymia) and/or other anxiety disorders (e.g.
panic disorder, phobic disorder) were not excluded from the
whole-sample analyses. Furthermore, participants’ physical mor-
bidity including cardiovascular disease (CVDs) (e.g. coronary
heart disease or hypertension), diabetes mellitus, dyslipidemia
(e.g. hypertriglyceridemia or hypercholesterolemia) and other
chronic diseases (e.g. thyroid, kidney, and liver diseases) and
use of medications (e.g. cardiovascular drugs, antidepressants,
and benzodiazepines) were also recorded according to self-report
and medical chart review. This patient group included 326 GAD
patients who were free of comorbidity and drug use (i.e. drug free
for at least two weeks before enrollment).

The normal control group included 1150 healthy participants.
These subjects received a medical checkup at TSGH, which com-
prised physical examination, SBP and DBP measurements, thor-
acic radiography, electrocardiography (ECG), and biochemical
analyses (e.g. fasting glucose, lipid profiles and thyroid function).
Individuals were free of physical illness, including CVDs, meta-
bolic disorders, liver or kidney disease, malignancy, neurological
disorder or obesity (BMI⩾ 30 kg/m2). In addition, they were
also free of mental disorders (e.g. schizophrenia or affective disor-
ders), based on the assessment using the Chinese Version of the
MINI (Sheehan et al., 1998) by a well-trained research assistant.
Finally, none of them had been taking any medications, as deter-
mined by self-report, for at least 1 month before entering the
study.

Assessment of anxiety and mood levels

We used the Chinese version of the Beck Anxiety Inventory (BAI)
(Lin, 2000), a 21-item questionnaire, to assess subjects’ self-
reported severity of anxiety. Items were rated as 0 (not at all) to
3 (severe) for the last week, with higher total scores indicating
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greater levels of anxiety. Participants’ depression levels over the
prior two weeks were evaluated via the self-reported, 21-item
Chinese version of the Beck Depression Inventory-II (BDI)
(Chen, 2000). Likewise, higher scores represent more severe
depression. Both the Chinese BAI and BDI have been shown to
have high validity and reliability (Chen, 2000; Lin, 2000).

Assessment of ANS function

An SA-3000P HRV analyzer (Medicore Co., Ltd., South Korea)
was used to acquire, store, and process ECG signals. All partici-
pants were examined during the daytime (8:00–16:00) in a
quiet, temperature-controlled room. After 15 min for rest and sta-
bilization of HR, the patients remained in each position for 5 min
during a supine-standing-supine test (changes in body position
over a 5 s time interval). R–R intervals were measured during
baseline supine position; orthostasis (after changing of posture
from lying to standing during 5 s) and recovery supine position
(after changing of position from standing to lying during 5 s).
The 5-min HRV recording in each position, which collects at
least 300 R–R intervals, is recommended by the Task Force stan-
dards for short-term HRV analysis (Task Force of the European
Society of Cardiology and the North American Society of
Pacing and Electrophysiology, 1996).

The HR was calculated using averaged R–R intervals for each
segment. Power spectral analysis was further performed using a
fast Fourier transform-based nonparametric algorithm. The
power spectrum was then converted into frequency-domain indi-
ces, which consisted of the low-frequency (LF) power (0.04–
0.15 Hz), the high-frequency (HF) power (0.15–0.4 Hz), and the
ratio of LF to HF (LF/HF) (Task Force of the European Society
of Cardiology and the North American Society of Pacing and
Electrophysiology, 1996). PNS control of HRV is represented by
HF, whereas both vagal and SNS control of HRV is jointly repre-
sented by LF. The LF/HF ratio is considered to mirror sympatho-
vagal balance or to reflect SNS modulations (Task Force of the
European Society of Cardiology and the North American Society
of Pacing and Electrophysiology, 1996). A natural logarithmic
transformation was used to correct the skewed distribution of the
HRV measures.

Covariates

Age, gender, BMI, smoking status, habitual exercise, medical dis-
eases (CVDs, diabetes mellitus, dyslipidemia and other chronic
diseases, respectively), psychiatric disorders (depression disorders
and other anxiety disorders, respectively) and medications (anti-
depressants, antipsychotics, mood stabilizers, benzodiazepines
and cardiovascular drugs, respectively) were used as covariates
in regression models to compare GAD patients with healthy con-
trols (original cohort). Likewise, using the regression-based
approach, age, gender, BMI, smoking status and habitual exercise
were also used as covariates when analyzing drug- and
comorbidity-free GAD patients and healthy controls (unmatched
cohort). To minimize the potential effects of confounding factors,
we used PSM to ‘balance’ confounders (i.e. age, gender, BMI,
smoking status and habitual exercise) between drug- and
comorbidity-free GAD patients and healthy control groups. The
PSM was performed using SPSS R-plugin PSMATCHING3.03
(Thoemmes, 2012), and R version 3.1.1 (http://www.r-project.
org), based on logistic regression with a caliper width of 0.2.
After PSM algorithm, 323 drug- and comorbidity-free GAD

patents and 323 healthy controls were matched for analyses
(matched cohort). A balance test, by Hansen and Bowers
(2008), was used to examine the overall balance of covariates.
In the present study, the non-significant test result indicated a
balance of covariates (χ2 = 0.75, df = 5, p = 0.98).

Statistical analysis

Categorical variables in patients and controls were compared using
the χ2 test, while the independent sample t test was used to
compare continuous variables. For each HRV measure, a two-way
repeated measures ANOVA was performed with the Greenhouse–
Geisser correction to adjust for the violation of the sphericity
assumption. F-tests were used to examine differences in baseline
resting HRV indices between GAD patients and controls. When
a significant interaction (group × condition) effect was found,
F-tests were also performed among case-control groups for
responses to postural change (i.e. data of standing minus baseline
supine, and recovery supine minus standing, respectively). Effect
sizes are reported as Cohen’s d values; d < 0.2 is considered
small, between 0.4 and 0.6, medium, and >0.8 large (Kemp et al.,
2014). According to a priori power analysis for a repeated measures
ANOVA conducted in the software G*Power (Faul et al., 2009),
which assumed two groups with three repeated measures, a total
sample size of at least N = 198 would be necessary for the detection
of small effect with a statistical power of 80%, α = 0.05 and an
assumed nonsphericity correction of 0.75. Furthermore, if the
true effects are small (Cohen’s d = 0.2), a power of 99.9% can be
reached when the studied sample size is larger than 610.
Statistical significance was defined as p values <0.05 (two-tailed).

Results

Sample characteristics

The demographic and clinical characteristics of study participants
are shown in Table 1. In our original cohort, GAD patients were
significantly older and had a higher female percentage as com-
pared with healthy controls. Also, in the unmatched cohort,
drug- and comorbidity-free GAD patients had significant differ-
ences in age, gender ratio and BMI when compared to healthy
controls. However, in the propensity-matched cohort, there
were no statistically significant differences in covariates between
drug- and comorbidity-free GAD patients and healthy controls.
All patients in our study had BAI scores ⩾8, indicating at least
mild to severe anxiety (Lin, 2000). As expected, patients with
GAD in the three cohorts all had significantly higher BAI and
BDI scores, as compared with healthy counterparts. In addition,
HR, SBP and DBP were also higher in the three patient groups
than in healthy controls.

Repeated measures of HRV indices

Figure 1 presents the HRV data obtained from the GAD patients
and the controls. The results of two-way repeated measures
ANOVA for HRV indices are shown in Table 2. Analyzed in
the original cohort, the main effects of both position changes
(the response to orthostasis and clinostasis) on all HRV indices
were significant. Furthermore, the effect of group (GAD v. con-
trol) was significant for LF and HF, but not LF/HF. Moreover,
the results of repeated measures ANOVA showed significant
interaction effects between the main factors (group × body
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Table 1. Demographic data and clinical characteristics of the study subjects

Original cohort Unmatched cohort Matched cohort

Characteristics GAD (all) Healthy controls p
GAD (pure and
drug-free)a Healthy controls p

GAD (pure and
drug-free)a Healthy controls p

n 682 1150 326 1150 323 323

Age, years 44.1 ± 13.8 38.3 ± 10.3 <0.001 40.4 ± 13.6 38.3 ± 10.3 0.003 40.3 ± 13.5 40.2 ± 10.9 0.89

Female, n (%) 394 (57.8) 595 (51.7) 0.012 189 (58.0) 595 (51.7) 0.046 136 (42.1) 136 (42.1) 1.00

BMI, kg/m2 22.6 ± 3.62 22.7 ± 3.19 0.33 22.3 ± 3.32 22.7 ± 3.19 0.020 22.3 ± 3.13 22.4 ± 3.36 0.67

Current smoker, n (%) 126 (18.5) 225 (19.6) 0.57 64 (19.6) 225 (19.6) 0.98 64 (19.8) 64 (19.8) 1.00

Habitual exercise 0.84 0.61 0.52

No, n (%) 379 (55.6) 646 (56.2) 189 (58.0) 646 (56.2) 187 (57.9) 196 (60.7)

Yes, n (%) 303 (44.4) 504 (43.8) 137 (42.0) 504 (43.8) 136 (42.1) 127 (39.3)

HR, beats/min 72.4 ± 11.7 66.7 ± 9.00 <0.001 72.1 ± 12.1 66.7 ± 9.00 <0.001 72.2 ± 12.1 65.9 ± 8.40 <0.001

SBP, mmHg 121.8 ± 17.5 112.4 ± 12.8 <0.001 119.1 ± 16.6 112.4 ± 12.8 <0.001 119.0 ± 16.0 111.7 ± 13.3 <0.001

DBP, mmHg 78.9 ± 11.9 73.2 ± 9.19 <0.001 77.5 ± 11.7 73.2 ± 9.19 <0.001 77.4 ± 11.7 73.1 ± 9.28 <0.001

BAI, scores 23.2 ± 10.6 4.09 ± 4.30 <0.001 23.5 ± 12.8 4.09 ± 4.30 <0.001 23.5 ± 10.8 4.46 ± 4.58 <0.001

BDI, scores 21.7 ± 12.8 5.26 ± 4.80 <0.001 21.8 ± 12.1 5.26 ± 4.80 <0.001 21.9 ± 12.2 5.33 ± 4.65 <0.001

Anti-depressants, n (%) 142 (20.8) 0 (0) <0.001 0 (0) 0 (0) – 0 (0) 0 (0) –

Benzodiazepines, n (%) 161 (23.6) 0 (0) <0.001 0 (0) 0 (0) – 0 (0) 0 (0) –

Mood stabilizers, n (%) 20 (2.9) 0 (0) <0.001 0 (0) 0 (0) – 0 (0) 0 (0) –

Anti-psychotics, n (%) 39 (5.7) 0 (0) <0.001 0 (0) 0 (0) – 0 (0) 0 (0) –

Cardiovascular drugs, n (%) 59 (8.7) 0 (0) <0.001 0 (0) 0 (0) – 0 (0) 0 (0) –

Depressive disorders, n (%) 118 (17.3) 0 (0) <0.001 0 (0) 0 (0) – 0 (0) 0 (0) –

Other anxiety disorders, n (%) 56 (8.2) 0 (0) <0.001 0 (0) 0 (0) – 0 (0) 0 (0) –

Cardiovascular diseases, n (%) 86 (12.6) 0 (0) <0.001 0 (0) 0 (0) – 0 (0) 0 (0) –

Diabetes mellitus, n (%) 15 (2.2) 0 (0) <0.001 0 (0) 0 (0) – 0 (0) 0 (0) –

Dyslipidemia, n (%) 22 (3.2) 0 (0) <0.001 0 (0) 0 (0) – 0 (0) 0 (0) –

Other chronic conditions, n (%) 35 (5.1) 0 (0) <0.001 0 (0) 0 (0) – 0 (0) 0 (0) –

BAI, Beck Anxiety Inventory; BDI, Beck Depression Inventory-II; BMI, body mass index; HR; mean heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; GAD, generalized anxiety disorder.
Continuous variables are reported as mean ± standard deviation; categorical variables are listed as column-wise percentage.
Bold indicates statistically significant p-values.
aGAD patients who were free of medications and comorbidities.
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position), with respect only to HF and LF/HF. When comparing
two groups in the unmatched cohort, results showed the same
pattern. Furthermore, analyses of data from the propensity-
matched cohort also showed a similar pattern.

HRV indices in the baseline supine

The results for baseline resting HRV indices are shown in Table 3.
Analyzing the original cohort, patients with GAD had signifi-
cantly lower LF and HF but higher LF/HF than the controls in
the baseline supine (for LF, HF and LF/HF: d = 0.16, 0.35, 0.18,
respectively). Likewise, the results analyzed in the unmatched
cohort were similar. When we analyzed the matched cohort,
these findings remained. However, the effect sizes of GAD on
resting HRV indices all became bigger (for LF, HF and LF/HF:
d = 0.24, 0.42, 0.24, respectively).

Response of HRV indices to postural change

In the original cohort analyses, as shown in Table 4, patients with
GAD had diminished HF and LF/HF responses to both

orthostasis (d = 0.25 and 0.32, respectively) and clinostasis
(d = 0.21 and 0.30, respectively), as compared to the controls.
Similarly, the results analyzed in the unmatched cohort exhibited
the same pattern. Furthermore, analyses of the propensity-
matched cohort data also confirmed the results. However, the
effect sizes of GAD on HRV reactivity all became more robust
(for HF and LF/HF reactivity: d = 0.36–0.42 and 0.39–0.43,
respectively).

Discussion

To our knowledge, this is the first well-powered study that has
simultaneously examined differences in resting HRV and HRV
reactivity by using frequency-domain HRV analyses between
medication- and comorbidity-free GAD patients and healthy con-
trols during the supine-standing-supine test, based on a relatively
novel PSM covariate adjustment approach. The main results of
our study are summed up as follows.

First, through analyses with the original cohort, we found that
patients with GAD exhibited lower LF and HF but higher LF/HF
than healthy controls at rest (baseline supine), indicating GAD is

Fig. 1. Spectral heart rate variability data in (a) original cohort, (b) unmatched cohort and (c) propensity-matched cohort. †GAD patients who were free of medica-
tions and comorbidities. GAD, generalized anxiety disorder; LF: low-frequency power; HF, high-frequency power; LF/HF, ratio of LF to HF.
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associated with an altered sympathovagal balance with reduced
vagal modulation. Our results are consistent with earlier studies
(Lyonfields et al., 1995; Thayer et al., 1996; Chang et al., 2013b;
Pittig et al., 2013; Kemp et al., 2014), suggesting that GAD
basal autonomic state is characterized by decreased PNS control.
However, Licht et al. (2009) reported that although resting
vagal modulation is reduced in patients with anxiety disorders,
these reductions are driven by antidepressant medications.
Furthermore, GAD has a high rate of comorbidity with other psy-
chiatric disorders, particularly major depression, and other anx-
iety disorders (Noyes, 2001), which have also been reported to
have an impact on resting vagal modulation. Thus, focusing on

unmedicated GAD patients, free of any comorbidity, is required
to reveal the association between GAD and resting vagal modula-
tion. When we compared drug- and comorbidity-free GAD
patients with controls (unmatched cohort), the results still
remained. Moreover, to avoid statistical ‘reversal paradox’ phe-
nomenon, a PSM technique was used to minimize the confound-
ing effects. A similar pattern was also identified when analyses
were conducted in the propensity-matched cohort. However, the
effect sizes of GAD on resting HRV became larger (e.g. for resting
HF, Cohen’s d = 0.42) than the traditional regression-based
approach (e.g. for resting HF, Cohen’s d = 0.35). In sum, based
on a large sample using the PSM method, our findings here

Table 2. Results of two-way repeated measures ANOVA for spectral indices of HRV

Group effect (GAD v. control) Condition effect (supine v. standing) Interaction effect (group × condition)

F p d F p d F p d

Original cohort (n = 1832; 682 GAD patients and 1150 controls)

LF 22.7 <0.001 0.22 11.5 <0.001 0.16 2.24 0.11 0.07

HF 62.6 <0.001 0.37 179.8 <0.001 0.63 20.5 <0.001 0.21

LF/HF 1.20 0.274 0.05 63.8 <0.001 0.37 43.6 <0.001 0.31

Unmatched cohort (n = 1476; 326 comorbidity- and drug-free GAD patients and 1150 controls)

LF 16.3 <0.001 0.21 10.4 <0.001 0.17 2.59 0.078 0.08

HF 32.9 <0.001 0.30 149.0 <0.001 0.64 15.6 <0.001 0.21

LF/HF 3.08 0.079 0.09 46.2 <0.001 0.36 25.3 <0.001 0.26

Matched cohort (n = 646; 323 comorbidity- and drug-free GAD patients and 323 matched controls)

LF 7.60 0.006 0.22 5.94 0.003 0.19 0.91 0.40 0.08

HF 18.8 <0.001 0.34 570.9 <0.001 1.88 19.3 <0.001 0.35

LF/HF 3.24 0.072 0.14 337.5 <0.001 1.45 19.3 <0.001 0.35

GAD, generalized anxiety disorder; HRV, heart rate variability; LF, low-frequency power; HF, high-frequency power; LF/HF, ratio of LF to HF.
Bold indicates statistically significant p values.

Table 3. Inter-group differences in baseline resting spectral HRV indices

Supine resting (baseline)

HRV GAD Control F p d

Original cohort (n = 1832; 682 GAD patients and 1150 controls)

LF 5.44 ± 0.05 5.67 ± 0.04 10.9 0.001 0.16

HF 5.09 ± 0.04 5.53 ± 0.03 56.9 <0.001 0.35

LF/HF 0.35 ± 0.04 0.14 ± 0.03 15.2 <0.001 0.18

Unmatched cohort (n = 1476; 326 pure and drug-free GAD patientsa and 1150 controls)

LF 5.78 ± 0.06 5.75 ± 0.04 5.61 0.018 0.12

HF 5.19 ± 0.06 5.60 ± 0.03 43.8 <0.001 0.35

LF/HF 0.39 ± 0.05 0.15 ± 0.03 16.1 <0.001 0.21

Matched cohort (n = 646; 323 pure and drug-free GAD patientsa and 323 matched controls)

LF 5.51 ± 0.07 5.78 ± 0.07 8.85 0.003 0.24

HF 5.15 ± 0.06 5.64 ± 0.06 28.8 <0.001 0.42

LF/HF 0.36 ± 0.05 0.13 ± 0.05 8.92 0.003 0.24

GAD, generalized anxiety disorder; HRV, heart rate variability; LF, low-frequency power; HF, high-frequency power; LF/HF, ratio of LF to HF.
Data are presented as mean ± standard error.
aGAD patients who were free of medication and comorbidities.
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provide strong evidence to support the view that GAD itself is
associated with reduced vagally-mediated HRV at rest, regardless
of medication or comorbidity.

Second, analyses of the original cohort showed that GAD
patients exhibited a blunted ANS (HF and LF/HF) reactivity to
both active orthostatic and clinostatic testing. Furthermore, ana-
lyses in the unmatched cohort also revealed a similar pattern.
Moreover, matched cohort data analyses confirmed these findings
and found that effects became more robust (e.g. for HF reactivity,
Cohen’s d = 0.36–0.42) than with the traditional regression-based
method (e.g. for HF reactivity, Cohen’s d = 0.20–0.25), further
highlighting the importance of PSM for covariate adjustment.
Our findings are in line with the results of Lyonfields et al.
(1995), indicating a rigid or inflexible PNS response to challenges.
Indeed, our study cohorts all had a statistical power of >99.9% to
detect an effect even recognized as small (Cohen’s d = 0.20),
including the propensity-matched cohort (n = 646). However, as
far as we know, all previous studies mentioned in the
Introduction were conducted using small sample sizes (range:
30–118) to approach autonomic reactivity in GAD patients as
compared to controls. In addition, these past studies have seldom
appropriately controlled for covariates, e.g. using the PSM
approach. Therefore, previous inconsistent results regarding
vagally-mediated HRV reactivity would be explained by data
from underpowered studies, and also lack of appropriate covariate
adjustment.

Third, two GAD-specific longitudinal studies have shown that
GAD patients have an augmented risk for CVDs, such as coron-
ary heart disease and myocardial infarction (Frasure-Smith and
Lesperance, 2008; Martens et al., 2010). Notably, decreased car-
diac vagal function has been reported to be associated with an ele-
vated risk for cardiac morbidity and mortality, as reviewed by
Thayer and Lane (2007). Importantly, a recent meta-analysis
has indicated that only tricyclic antidepressants can have a
‘small’ effect (Cohen’s d < 0.2) on reducing resting vagal modula-
tion, but other commonly used antidepressants (e.g. selective
serotonin reuptake inhibitors or serotonin-norepinephrine

reuptake inhibitors) cannot (Alvares et al., 2016). Interestingly,
based on the PSM approach, we observed more robust effects in
the near-medium range (Cohen’s d≈ 0.4) for medication-free
GAD patients, therefore suggesting that effects cannot be solely
attributable to antidepressant use, and highlighting that both
attenuated vagus-mediated HRV at rest and in response to posture
maneuvers may be the core mechanisms linking GAD to subse-
quent cardiovascular events.

Finally, recent research has demonstrated that lower resting
vagal modulation and attenuated vagal response to orthostatic
stress are both predictors of future general anxiety symptoms
(Greaves-Lord et al., 2010; Kogan et al., 2012). Our study’s dem-
onstration that GAD patients had attenuated vagally-mediated
HRV at rest and in response to postural maneuvers may comple-
ment these previous studies, together suggesting that the two
autonomic indices may not only be psychophysiological markers,
but also endophenotypes for GAD. Future prospective studies to
examine whether lower resting vagal modulation and blunted
vagal response to stress task predict the development of GAD,
and even comorbidity of GAD with CVDs, are warranted.

Several limitations should be mentioned in the present study.
We did not control the influence of respiratory rate, which has
been revealed to impact the HRV indices in patients with severe
mental disorders, including schizophrenia and bipolar disorder
(Quintana et al., 2016). Nonetheless, this may not affect our find-
ings, as previous research examining GAD and HRV found no
effect of respiration rate on HRV after statistically adjusting for
respiration rate (Thayer et al., 1996). Moreover, as recent evidence
has questioned whether LF reflects SNS and/or PNS control
(Reyes del Paso et al., 2013), the interpretation of LF/HF as sym-
pathovagal balance or SNS modulations should be made with cau-
tion. Therefore, although our study findings indicate that GAD is
associated with higher sympathetic modulation at rest, additional
studies [e.g. cardiac noradrenaline spillover: using coronary sinus
blood sampling and noradrenaline isotope dilution methodology
(Kingwell et al., 1994)] for adequately assessing SNS control are
necessary to confirm our results. Last, the participants recruited

Table 4. Spectral heart rate variability (HRV) in response to postural maneuvers

ΔStanding-baseline supine ΔRecovery supine-standing

HRV GAD Control F p d GAD Control F p d

Original cohort (n = 1832; 682 GAD patients and 1150 controls)

LF −0.11 ± 0.05 0.004 ± 0.04 2.45 0.12 0.07 0.19 ± 0.15 0.06 ± 0.04 3.52 0.061 0.09

HF −0.77 ± 0.04 −1.07 ± 0.03 27.8 <0.001 0.25 0.95 ± 0.04 1.20 ± 0.03 19.6 <0.001 0.21

LF/HF 0.65 ± 0.05 1.07 ± 0.04 45.5 <0.001 0.32 −0.75 ± 0.05 −1.15 ± 0.04 39.8 <0.001 0.30

Unmatched cohort (n = 1476; 326 comorbidity- and drug-free GAD patients and 1150 controls)

LF −0.12 ± 0.07 0.02 ± 0.04 3.54 0.060 0.10 0.19 ± 0.07 0.02 ± 0.04 3.44 0.064 0.10

HF −0.77 ± 0.06 −1.08 ± 0.03 21.6 <0.001 0.24 0.95 ± 0.06 1.20 ± 0.03 15.1 <0.001 0.20

LF/HF 0.65 ± 0.06 1.10 ± 0.03 39.8 <0.001 0.33 −0.79 ± 0.06 −1.19 ± 0.03 29.8 <0.001 0.29

Matched cohort (n = 646; 323 comorbidity- and drug-free GAD patients and 323 matched controls)

LF −0.14 ± 0.07 −0.13 ± 0.07 0.00 0.99 0.001 0.18 ± 0.07 0.07 ± 0.07 1.21 0.27 0.09

HF −0.78 ± 0.06 −1.20 ± 0.06 27.5 <0.001 0.42 0.96 ± 0.06 1.34 ± 0.06 20.9 <0.001 0.36

LF/HF 0.65 ± 0.06 1.07 ± 0.06 24.2 <0.001 0.39 −0.78 ± 0.06 −1.26 ± 0.06 28.9 <0.001 0.43

GAD, generalized anxiety disorder; LF, low-frequency power; HF, high-frequency power; LF/HF, ratio of LF to HF.
Data are presented as mean ± standard error.
Bold indicates statistically significant p values.
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here were all Han Chinese; thus, replication research using large,
racially diverse samples, with an adequately-controlled method
such as ours, are needed to validate the current research findings.

Conclusion

In summary, using a large sample and a relatively novel PSM
approach, our data suggests that GAD is associated with altered
sympathovagal balance, characterized by attenuation in both the
resting vagal modulation and vagal reactivity to posture maneu-
vers, with an almost medium effect size (Cohen’s d≈ 0.4).
Furthermore, these effects are independent of medication use
and comorbidity status.
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