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SYSTEMATIC REVIEW/META-ANALYSIS

Reduced Heart Rate Variability in Patients With
Medically Unexplained Physical Symptoms: A
Meta-Analysis of HF-HRV and RMSSD

Sarah R. Vreijling, MSc, Yael Troudart, BSc, and Jos F. Brosschot, PhD

ABSTRACT

Objective: Medically unexplained physical symptoms (MUPS) and related syndromes are common and place a substantial burden on both
patients and society. Chronic psychological distress and dysregulation of the autonomic nervous system may be common factors associated
with MUPS, although previous studies have reported mixed results. The aims of this meta-analysis are to provide an updated synthesis of
studies investigating heart rate variability (HRV) indices associated with autonomic nervous system functioning in three common MUPS
syndromes and to explain inconsistencies in previous study findings.

Methods: Literature search yielded 58 studies comparing HRV indices of reduced parasympathetic activity of healthy individuals with
those of patients with chronic fatigue syndrome (spagenss = 271), irritable bowel syndrome (#pagiens = 1005), and fibromyalgia
(Mpatients = 534). Separate random-effects meta-analyses were conducted on studies measuring root mean square of successive differences
(RMSSD) and high-frequency HRV (HF-HRV).

Results: Regardless of syndrome type, patients had significantly lower RMSSD (k= 22, Hedges g=-0.37 [-0.53 to —0.21], p <.001) and
HF-HRV (k= 52, Hedges g =—0.69 [—1.03 to —0.36], p <.001) than did healthy individuals. Sample age and publication year explained a
substantial variation in RMSSD, whereas controlling for confounders in statistical analyses explained variation in HF-HRV.

Conclusions: Lower RMSSD and HF-HRYV in patients with MUPS versus healthy controls indicates that autonomic nervous system dys-
regulation, particularly lower parasympathetic activity, may play a role in patients with these conditions. This conclusion may have impor-
tant implications for the underlying mechanisms and treatment of MUPS and related syndromes.

Key words: medically unexplained physical symptoms, fibromyalgia, irritable bowel syndrome, chronic fatigue syndrome, chronic stress

responses, heart rate variability.

INTRODUCTION

atients with chronic or recurring physical complaints are com-

mon in all health care sectors. A large number of these patients
experience persistent complaints that cannot be attributed to a con-
ventionally defined medical condition or are out of proportion to
an underlying medical condition (1). These complaints are defined
as medically unexplained physical symptoms (MUPS), but several
other terms are often used as well, such as persistent somatic symp-
toms, functional somatic symptoms, or psychosomatic symptoms
(2). MUPS include a wide range of generic symptoms or symptoms
specific for one or more organs or structures in the body. These
symptoms severely affect patients’ quality of life and place a sub-
stantial burden on health care (3-6).

Widely acknowledged and prevalent syndrome clusters of
MUPS include fibromyalgia, irritable bowel syndrome, and
chronic fatigue syndrome (7,8), which show a substantial overlap
in etiology and patient characteristics and also high comorbidity
(8-10). It has been argued that different syndromes are a reflection
of a common core phenomenon of bodily distress and are therefore
best captured into a single diagnosis of bodily distress syndrome
(11-13). Although a common underlying pathogenesis is therefore

assumed (8), it is still unclear which mechanisms are involved in
the pathogenesis of MUPS. Of note, it is likely that there are mul-
tiple underlying mechanisms, and it is thus necessary to unravel
the complex and multifaceted system of etiological and perpetuat-
ing factors.

Dysfunction of the stress responsive system, particularly the
autonomic nervous system, has been implicated in MUPS and
may be one potential underlying mechanism of various MUPS
syndromes (14,15). Previous studies have found indications of au-
tonomic imbalance, reflected by heart rate variability (HRV) indi-
ces, such as low high-frequency HRV (HF-HRV) and root mean
square of successive differences (RMSSD), in patients with fibro-
myalgia, irritable bowel syndrome, and chronic fatigue syndrome
compared with healthy individuals (16,17). HRV indices are based
on the time changes between successive heart beats, and several
HRYV indices can be used as a measure of parasympathetic activity
(18). HRV indices associated with decreased parasympathetic

HF-HRV = high-frequency heart rate variability, HRV = heart rate
variability, MUPS = medically unexplained physical symptoms,
RMSSD = root mean square of successive differences
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activity have been related to poor health outcomes, an increased
risk of cardiovascular disease, and early mortality (19,20).

Although there may be biological causes for decreased
HF-HRV and RMSSD in patients with MUPS that originate in
their physical condition, an alternative explanation that has been
suggested is that, conversely, decreased HF-HRV and RMSSD in
these patients are causal to their condition and reflect a chronic
psychological stress response (16,21). A chronic psychological
stress response may be implicated in MUPS in at least three ways
that can be simultaneously present. First, a chronic stress response
may play a role in the development of MUPS. Second, it may be a
consequence of MUPS. Third, the interaction between chronic
stress responses and MUPS may become a self-perpetuating cycle,
which maintains and intensifies distress and symptom experience.
Unfortunately, there is a lack of longitudinal studies in this field
that observe MUPS and HRV indices of reduced parasympathetic
activity, possibly reflecting chronic psychological stress responses,
over a period of time to establish potential sequences of events,
providing insight into causality and direction of effects. Thus, it re-
mains unclear which of the three aforementioned pathways is most
likely the case.

Although longitudinal studies, by virtue of their scope, can
suggest causal relationships, cross-sectional studies are able to as-
sess whether variables are related in the first place, that is, a prereq-
uisite for making causal inferences. Findings of cross-sectional
studies that assessed HRV indices of parasympathetic activity in
patients with MUPS and healthy controls are mixed (14,16). Stud-
ies that report differences in these HRV measures consistently
show lower HF-HRV in patients as compared with healthy con-
trols, irrespective of syndrome type (15). Although the reason for
these mixed findings is still unclear, possible explanations are dif-
ferences between studies in selection of participants, assessment
and quantification of HRV, and common confounding factors
(e.g., medication and smoking).

A meta-analysis of studies that measured HF-HRYV in fibromy-
algia, chronic fatigue syndrome, and irritable bowel syndrome,
published around 10 years ago, found indications of decreased
HF-HRV in patients compared with controls (17). However, the
authors concluded that the available studies substantially lacked
methodological quality and were therefore not sufficient to pro-
vide a definitive summary estimate of the role of HF-HRV in these
MUPS syndromes, suggesting that study quality is an important
factor to take into account when summarizing this literature.

Previous contradictory findings may further be clarified by ex-
ploring the role of several potential moderators, such as severity
and duration of the disorder. In addition, differences in how
HRV is recorded and presented may introduce heterogeneity in ef-
fect sizes. There are short-term (2 minutes—1 hour) and long-term
(24 hours) assessments, and correlations between these are rela-
tively weak (22). Finally, HF-HRV is often expressed in absolute
or log-transformed values of power in squared milliseconds, but
can also be measured in normalized units that adjust for changes in
the total power of the HRV spectrum (23). It is not clear how these
measurement methods can influence the results, but they often have
been found to differ within studies that used more than one of them.

Over the last 10 years, meta-analyses that demonstrated de-
creased HF-HRYV in irritable bowel syndrome (24) and chronic
pain syndromes such as fibromyalgia (25) have been published.
However, to the best of our knowledge, no recent meta-analysis
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on MUPS syndromes has been published that may include meth-
odologically improved studies since the meta-analysis by Tak et al.
(17) and addressed the potential moderators discussed here. The
aim of the current study is to provide an updated synthesis of the
existing evidence of HF-HRV and RMSSD in fibromyalgia, irrita-
ble bowel syndrome, and chronic fatigue syndrome. It is hypothe-
sized that patients with these syndromes show reductions in
HF-HRV and RMSSD compared with healthy individuals. Fur-
thermore, we explore the role of study quality, publication year,
sample characteristics, syndrome types and their characteristics,
and HRV assessment/quantification methods.

METHODS

The present study follows the Preferred Reporting Items for Systematic Re-
views and Meta-Analysis statement (26).

Search Strategy

A search of the electronic database Web of Science was conducted for em-
pirical studies investigating HRV in patients with fibromyalgia, irritable
bowel syndrome, and chronic fatigue syndrome. To build an inclusive
key word profile, first a list of potential keywords was created including fi-
bromyalgia, irritable bowel syndrome, and chronic fatigue syndrome and
their synonyms. Relevance of each potential keyword was systematically
assessed by combining it with HRV and related terms, while excluding
the keywords that produced relevant results in previous searches, using
the NOT operator (see Text, Supplemental Digital Content, for an example,
http://links.lww.com/PSYMED/A692). For the final search, the following
keyword profile was used: (“fibromyalgia” or “chronic fatigue syndrome”
or “irritable bowel syndrome”) AND (parasympath* or vagal* or sympa-
thovagal* or “heart rate variability” or HRV* or “heart period variability”
or RSA or “HF-HRV” or RMSSD). The search was conducted on
January 7, 2019, with no limitation on time period. In addition, reference
lists of included studies and review articles were examined to identify other
relevant studies.

Eligibility Criteria

Studies were included if they a) included a short-term (2 minutes—1 hour) or
long-term (1024 hours) HF-HRV or RMSSD assessment in patients with
fibromyalgia, irritable bowel syndrome, or chronic fatigue syndrome and
in healthy controls and b) provided quantitative data from which effect
sizes could be computed (i.e., means and standard deviations). Exclusion
criteria were a) animal studies or studies with unconscious patients, b)
not available as full-text article, ¢) published in a language other than
English, d) age of sample <18 or >65 years, and e) inclusion of patients
diagnosed with more than one MUPS syndrome or reporting subthreshold
or temporary (<3 months) symptoms. For intervention studies or studies
that recorded HF-HRV or RMSSD under specific conditions, such as during
exercise, task performance, or sleep, the baseline or presleep phase was
considered. Studies that did not include a baseline or presleep phase were
excluded.

Study Selection

Titles and abstracts of records from the literature search were screened for
relevance based on inclusion and exclusion criteria. Of the potential eligible
studies, full-text articles were collected and screened again to determine
whether the studies were in accordance with the inclusion and exclusion
criteria. When a full-text article was not available, a reprint request was sent
to the authors. Discrepancies between two independent reviewers (S.R.V.
and Y.T.) in the screening and selection of the articles were resolved by dis-
cussion (interrater reliability was 0.92). An overview of the study selection
procedure is presented in Figure 1.

January 2021

Copyright © 2020 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.


http://links.lww.com/PSYMED/A692

SYSTEMATIC REVIEW/META-ANALYSIS

Quality Appraisal

Appraisal of individual study quality was conducted by S.R.V. and Y.T.
based on a quality tool that has specifically been developed to assess bias
in case-control studies that assess short-term HRV in MUPS syndromes
across three key domains: appropriate selection of participants, appropriate
quantification of HRV, and appropriate control for confounding (17). One
item about the methods of HRV assessment was adjusted for studies using
long-term measures of HRV based on the criteria from the Guidelines for
Reporting Articles on Psychiatry and Heart rate Variability (27) as well as
the recommended standards of measurement from the Task Force Paper
(23). For each item, a score of 0, 1, or 2 can be obtained based on predefined
response categories (Table S1, Supplemental Digital Content, http://links.
Iww.com/PSYMED/A692). The total quality score of a study is calculated
by summing the item scores with a maximum obtainable score of 18 points.

Data Extraction

A standardized coding form was developed to extract information from
each study on a) authors and publication year, b) sample size per group,
¢) demographic information of patients and controls, d) syndrome type
and duration of the disorder, e) type of HRV index (HF-HRV, RMSSD,
or both), f) recording time and position, g) HF-HRV or RMSSD (or both)
per group, and h) units of reporting.

Data Analyses

The software of Rstudio Version 1.1.383 was used to conduct the analyses.
Based on means, standard deviations, and sample sizes per group, standard-
ized mean differences (Hedges g effect sizes) and corresponding estimated
sampling variances for all included studies were obtained through the
“metafor” package in Rstudio. Hedges g is a parametric effect size

estimator and thus assumes normally distributed data. Studies presenting
descriptive data in median and ranges instead of means and standard devi-
ations (k= 8) were excluded because median and range are typically used to
describe the distribution of data that are not normally distributed.

Separate meta-analyses were carried out for studies that measured
RMSSD and HF-HRV. Because heterogeneous effect sizes were assumed
a priori because of variability between the studies in terms of study popula-
tion and HRV recording conditions, a random-effects model was consid-
ered more appropriate compared with a fixed-effect model to analyze the
combined effect size for the cross-sectional association between MUPS
and HF-HRV/RMSSD. The Q test was performed to assess the expected
heterogeneity in the variances of the effect sizes, complemented by the 2
statistic. Small, medium, and large heterogeneities are indicated by an
statistic of 25, 50, and 75, respectively (28). Results were presented in a for-
est plot of Hedges g effect sizes for all included studies. Hedges g effect
sizes can be interpreted as small (0.20), medium (0.5), or large (0.80)
(29). Standardized residuals of the effect sizes were examined to identify
potential outliers (absolute z value >3), and sensitivity analyses excluding
these studies were performed.

Publication bias was assessed by funnel plots and the rank correlation
test for funnel plot asymmetry (30). In addition, fail-safe numbers were cal-
culated according to two methods. The Rosenthal method calculates the
number of studies with nonsignificant results the sample needs to include
to reduce a significant combined effect size to an insignificant value. The
Orwin method calculates how many of such studies are needed get to a
“trivial” effect size, that is, an effect size that is half as large as the observed
combined effect size (31,32).

For both RMSSD and HF-HRYV, subgroup analyses were performed to
investigate moderation by syndrome type, sex distribution in the sample
(all female versus mixed), recording length (short versus long-term), and

Records identified through
database searching
(k=770)

Additional records identified
through hand search

Records screened
(duplicate removed)
(k=772)

(k=3)
Y Records excluded after review of
—> titles and abstracts
(k = 487)

No full-text article obtained after

v

for eligibility based on

(k=282)

Full-text articles assessed

reprint request
(k=3)

Full-text articles excluded
(k =224)

No healthy control group (38)

in- and exclusion criteria

A 4

Studies included in
quantitative synthesis
(meta-analysis)
(k=58)

Not published as full-text (27)

No empirical article (e.g. review) (32)

No FM, IBS or CFS patients (27)

No HRV measure (20)

Sample of patients < 18 years (19)

No baseline or pre-sleep data reported 17)
No HF-HRV or RMSSD index (26)

No data provided to compute effect sizes (4)
HRV data presented in median and ranges (8)
Published in language other than English (3)
Sample of patients with dual diagnoses (e.g.
both FM and CFS) (2)

Data on HRV published elsewhere (1)

FIGURE 1. PRISMA flowchart of study screening and selection procedure. PRISMA = Preferred Reporting Items for Systematic
Reviews and Meta-Analysis; HF-HRV = high-frequency heart rate variability; RMSSD = root mean square of successive differences;
FM = fibromyalgia; CFS = chronic fatigue syndrome; IBS = irritable bowel syndrome.
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position (supine versus seated). For studies that measured HF-HRYV, an addi-
tional subgroup analysis was performed to assess units of reporting (absolute
values in milliseconds squared, log-transformed values in milliseconds
squared, or normalized units) as a moderator. The following continuous mod-
erators were subjected to meta-regression: average age of the sample, publi-
cation year, quality score, and quality scores per domain of the quality tool. A
minimum of three studies per subgroup was required for subgroup analysis
and a minimum of 10 studies for meta-regression analysis. We were not
able to test severity of the disorder as a moderator in both analyses because
of inconsistencies in assessment and a lack of reporting.

RESULTS

Study Selection and Characteristics

The literature search yielded 770 studies. A total of 58 studies met
the criteria for inclusion (7patients = 1810, Reongrots = 1582), of which
15 studies were also included in the meta-analysis by Tak et al.
(17). Table 1 summarizes the sample and study characteristics of
the included studies. Most studies recruited patients with irritable
bowel syndrome (k = 23, 40%, Npatients = 1005) or fibromyalgia
(k= 22, 38%, npatients = 534). Studies that recruited patients with
chronic fatigue syndrome were less common (k = 12, 21%,
Tpatients = 271). One study recruited both patients with fibromyal-
gia and patients with irritable bowel syndrome (36). Because both
patient groups in this study were compared with a single control
group, effect sizes for both comparisons were computed using half
the sample size of the control group.

Quality Appraisal of the Included Studies

Quality scores ranged from 5 to 16 (theoretical range, 0—18) and
the average (standard quality) quality score was 9.67 (2.60). The
total quality score for each study is displayed in Table 1. Studies
scored best on items about the selection of control participants
and the presentation of HF-HRV/RMSSD and worst on items
about blinding of assessors and controlling for common confounders
(Figure 2). However, a majority of studies matched cases and controls
on the basis of sex, age, and body mass index and additionally
assessed whether the groups significantly differed in terms of these
variables. Furthermore, potential confounders such as sex and age
are assessed as moderators of the current meta-analyses.

Meta-Analysis on RMSSD

Meta-analysis of 22 studies showed reduced RMSSD in patients,
regardless of syndrome type, relative to healthy controls
(n=1385,g=-0.37[-0.53 t0 —0.21], SE=0.08, p <.001), which
is a small-to-medium association. Figure 3 presents the forest plot
of the effect sizes for the included studies. The Q test indicated the
presence of heterogeneity among study findings (O(21) = 42.79,
p=.003, > =48.13%). No outliers were detected. Publication bias
was detected by significant funnel plot asymmetry (Kendall
T=-0.41, p=.007; Figure 4A). Fail safe numbers indicated an ad-
dition 0f299 studies with null results to reduce the combined effect
size to an insignificant value (p > .05) and 22 insignificant studies
to reduce the combined effect size into half the effect size
(g =0.23), which would still indicate a small association between
reduced RMSSD and MUPS.

Meta-Analysis on HR-HRV
Meta-analysis of 52 studies showed that HF-HRV was signifi-
cantly lower in patients than in healthy controls (n = 3026,
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g =-0.69 [-1.03 to —0.36], SE = 0.18, p < .001), which is a
medium-to-large association. A forest plot of effect sizes for the in-
cluded studies is displayed in Figure 5. The Q test showed a sub-
stantial heterogeneity in effect sizes between studies (Q(51) =
493.98, p < .001) complemented by a high P statistic of 93.91%.
Two outliers were detected, demonstrating relatively large differ-
ences in HF-HRV between patients with fibromyalgia and healthy
controls in the expected direction (44,89). Exclusion of these stud-
ies lowered the strength of the association between reduced
HF-HRV and MUPS (n = 2906, g = —0.52 [-0.76 to —0.28],
SE =0.12, p < .001) and resulted in less study heterogeneity (Q
(49) = 353.32, p < .001, /> = 87.78%). The rank correlation rest
for funnel plot asymmetry suggested the presence of publication
bias (Kendall T =—0.26, p = .006; Figure 4B). Comparable results
were obtained for this test after exclusion of outliers (Kendall
T = —0.19, p = .048). Fail-safe number calculation using the
Rosenthal and Orwin approach yielded 3314 and 52 studies, respec-
tively, indicating the need for substantial counterevidence to reduce
the strength of the effect size to an insignificant or trivial value.

Moderator Analyses

For RMSSD and HF-HFV, subgroup analyses did not indicate sig-
nificant moderators. Meta-regression analyses revealed that publica-
tion year and sample age were associated with smaller associations
between MUPS and RMSSD. Quality score in the domain of “ap-
propriate control for confounders” was associated with smaller asso-
ciations between MUPS and HF-HRYV. Exclusion of outliers did not
change the significance of the results of the moderator analyses on
HF-HRV. Table 2 displays an overview of results for these moder-
ator analyses.

DISCUSSION

Meta-analyses indicate that patients with fibromyalgia, irritable
bowel syndrome, and chronic fatigue syndrome have lower HRV
than do healthy individuals on both a time domain measure
(RMSSD; small-to-medium association) and a frequency domain
measure (HF-HRV; medium-to-large association). These findings
have important implications for patients because HRV indices of
reduced parasympathetic activity are associated with poor health
and decreased life expectancy (19,91). Before considering the the-
oretical implications of our findings in detail, we will briefly dis-
cuss the difference in strength of the associations between
MUPS and both HRV indices.

The overall association between MUPS and low RMMSD was
smaller than between MUPS and low HF-HRV, which is surpris-
ing because these measures are known to be highly correlated
(92) and is inconsistent with a previous meta-analysis on HRV in
chronic pain that also included studies on fibromyalgia and irrita-
ble bowel syndrome (93). However, a similar meta-analysis that
included studies on fibromyalgia but not on irritable bowel syn-
drome demonstrated significant differences between patients and
controls only in HF-HRV and not in RMSSD (25). Although these
findings suggest that associations between MUPS and the two
HRYV indices may differ as a function of syndrome type, this was
not supported by our data.

In a further exploration of the different effect sizes for RMSSD
and HF-HRY, it seemed that the number of studies that recorded
HRYV on the long-term, usually during a period of 24 hours, was
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HRYV and Medically Unexplained Symptoms

relatively higher in the analyses on RMSSD (47.62%) than on
HF-HRV data (27.45%). Compared with short-term standardized
laboratory assessments, 24-hour recordings may be influenced
by unstandardized individual and environmental factors (94). On
the other hand, the generalizability of laboratory-based measures
is questionable, as the reaction of the participant to being measured
in an artificial setting may induce physiological processes that are
not representative of HRV in daily life. However, potential reliabil-
ity issues in these studies are unlikely to explain the overall smaller
association between MUPS and low RMSSD than between MUPS
and low HF-HRV because recording length did not moderate find-
ings in both analyses. It should be noted that spectral power anal-
ysis methods such as autoregression or fast Fourier transformation
of HF-HRV generally used in the included studies require station-
ary data, implying that the shape of the distribution of a series does
not change over time. Stationarity of the signal is strongly associ-
ated with recoding duration, as rapid changes in the physiological
state of an individual during a longer observation period are quite
common, whereas this is not the case for short-term recordings
(23). Although the interpretation of HF-HRV on long-term record-
ings is generally limited by nonstationary data, most of the in-
cluded studies did not take this into account.

Theoretical Implications

Based on the current synthesis of cross-sectional studies, it is clear
that there is a relation between HRV indices reflecting reduced
parasympathetic activity, a typical autonomic nervous system re-
sponse to acute and chronic psychological distress, and MUPS
syndromes (fibromyalgia, irritable bowel syndrome, and chronic
fatigue syndrome). Because of a lack of longitudinal studies, the
existing evidence is at this point insufficient to draw definitive
conclusions about potential underlying mechanisms of reduced
parasympathetic activity, which possibly reflects a chronic psy-
chological stress response, in patients with MUPS. Still, some
speculations seem warranted because they might help to focus fu-
ture research. In our view, there are three possible pathways of
how chronic stress responses may be implicated in MUPS. Theoret-
ical arguments and suggestive empirical evidence for these three
pathways will be described in detail in the three sections hereinafter.

Chronic Stress Responses Implicated in the
Development of MUPS

Many physical symptoms may represent normal bodily reactions
to stressors. Increased muscle tension, HPA -axis activity, and auto-
nomic arousal are evolutionary adaptive mechanisms, allowing for
efficient responding to acute stressors, that is, a fight or flight re-
sponse. In the case of chronic stress responses, however, the stage
of efficient responding is surpassed, and these bodily responses
can have detrimental effects on the body (95). For example, ex-
tended periods of muscle tension can induce pain symptoms and
chronic activation of neuroendocrine and autonomic systems
may lead to altered sleep patterns and a dysfunctional immune sys-
tem (96). Because a sympathovagal balance shift toward sympa-
thetic predominance is central in these bodily stress responses, it
might explain why HRV indices of reduced parasympathetic activ-
ity are associated with MUPS. These direct effects of chronic
stress responses on bodily functioning have been proposed to ex-
plain symptoms of chronic fatigue syndrome and fibromyalgia
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Assessment and validation of disease status

Recruitment of controls

Definition of in- and exclusion criteria

Reporting of disease characteristics

Blinding of HRV assessor

Methods for HRV assessment clearly presented

Outcome HRV clearly presented

Assessment of potential confounders

Analyses adjusted for potential confounders

0% 10% 20% 30%

u high risk of bias
medium risk of bias
u low risk of bias

40% 50% 60% 70% 80% 90% 100%

FIGURE 2. Quality appraisal of the included studies. HRV = heart rate variability.

(97), but may also be involved in other types of MUPS. Second,
somatic symptoms may be accounted for by changes in cardiovascular,
immunological, and endocrine systems through prolonged physiolog-
ical activation as a consequence of childhood adversities and stressful
life events (98). A number of studies have demonstrated physical and

sexual abuse during childhood as a risk factor for irritable bowel syn-
drome and chronic fatigue syndrome (99,100), and there is evidence
for autonomic nervous system dysregulation in adults with early life
stress histories (52,101-104). Moreover, besides physiological as-
pects, there are several cognitive aspects of chronic psychological

Cases Controls

Authors and Year M SD M SD Weight SMD [95% Cl]

Bardal et al., 2015 36 17 45 23 —— 4.57% -0.44[-1.00, 0.13]
Beaumont et al., 2012 404 226 52.6 30 - 5.49% -0.45[-0.93, 0.02]
Burr et al., 2000 383 17.8 39 20 i 6.67% -0.04[-0.41, 0.33]
Chervin et al., 2009 32 12 38 19 —— 3.33% -0.37[-1.10, 0.36]
Durakoglugil et al., 2014 28 9 38 15 —— 4.87% -0.80[-1.33,-0.27]
Figueroa et al., 2008 29 0.8 3.5 0.5 — 2.28% -0.86[-1.80, 0.09]
Fournier et al., 2018 409 41 416 39 —— 4.67% -0.17 [-0.73, 0.38]
Hansen et al., 2013 60.1 95.6 61.8 108.8 —— 4.08% -0.02[-0.64, 0.61]
Heitkemper et al., 2001 396 194 379 186 HH 7.99% 0.09[-0.18, 0.36]
Jarrett et al., 2003 43 227 411 252 HaH 6.87% 0.08[-0.28, 0.43]
Kang et al., 2016 215 191 216 95 —— 3.53% -0.01[-0.70, 0.69]
Kosek et al., 2015 309 122 50.7 24.8 —— 3.04% -0.99[-1.76, -0.21]
Lerma et al., 2011 36 13.9 473 169 —— 4.15% -0.72[-1.33,-0.10]
Malfliet et al., 2018 358 18.6 341 209 —— 4.07% 0.08 [-0.54, 0.71]
Martinez-Lavin et al., 1998 425 177 435 156 - 5.11% -0.06 [-0.57, 0.45]
Mazurak et al., 2011 266 11.7 36.7 18.2 »—-—a 5.17% -0.65[-1.15,-0.15]
Raj et al., 2000 286 9.9 458 18.9 — 2.89% -1.11[-1.92,-0.30]
Reis et al., 2014 129 6.7 374 19 —_— 1.78% -1.65[-2.75,-0.55]
Rost et al., 2017 194 106 26 143 . 6.09% -0.52[-0.94,-0.10]
Stein et al., 2004 37 14 43 22 - 5.51% -0.32[-0.79, 0.15]
van Oosterwijck et al., 2017 27.3 147 425 304 —— 3.91% -0.62[-1.27, 0.02]
Zamuner et al., 2016 20.8 157 324 203 —— 3.94% -0.63[-1.27, 0.01]
RE Model * 100.00% -0.37 [-0.53, -0.21]

1 T 71 1

3 02 4 0 1

Standardized Mean Difference

FIGURE 3. Forest plot of the random-effects meta-analysis of case-control studies with RMSSD as an outcome variable (k= 22). RMSSD =
root mean square of successive differences; M = mean; SD = standard deviation; SMD = standardized mean difference; CI = confidence interval;

RE = Random Effects.
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FIGURE 4. Funnel plots of Hedges g by the standard error for studies that measured RMSSD and HF-HRV. RMSSD = root mean square
of successive difference; HF-HRV = high-frequency heart rate variability.

Cases Controls
Authors and Year M SD Units Weight  SMD [95% CI]
de Becker et al., 1998 042 0.16 036 0.17 nu ——— 1.92% 0.35[-0.35, 1.06]
Burr et al., 2000 518 1.29 545 1.33 log ms2 (= 5] 2.05% -0.21[-0.57, 0.16]
Chalaye et al., 2012a 284 127 30.73 144 nu —_—
Chalaye et al., 2012b 40.5 24 30.73 144 nu —_——
Cheng et al., 2013 3.6 17.5 359 175 log power ——
Chervin et al., 2009 554 078 597 078 Ln ms2 —e—
Cohen et al., 2000 2.83 1.88 283 278 log ms2 ——
Cohen et al., 2001 441 087 399 1.05 log ms2 ——i
Cordero et al., 1996 275 1.39 3.09 0.8 log ms2 —
Davydov et al., 2016 1076.2 1085.5 1119 1004.6 ms2 -
Dogru et al., 2009 0.35 0.02 0.5 0.02 nu —_— ¢
Duprez et al., 1998 1144 1601 971 1632 ms2 ——
Durakoglugil et al., 2014 228 177 405 275 ms2 —.—
Elsenbruch & Orr, 2001 0.43 0.68 0.37 0.31 dB —=—
Figueroa et al, 2008 5.1 1.6 2 0.9 Ln ms2 ——
Fournier et al., 2018 41.76 347 44.32 347 nu —a—
Heitkemper et al., 1998 432 987 325 291 ms2 —a—
Heitkemper et al., 2001 449 676 416 565 ms2 HH
Jarrett et al., 2003 il 1.3 5.4 1.4 Ln ms2 —.— '
Jones et al, 2010 241 167 357 339 ms ——
Kano et al., 2017 3.43 0.2 346 0.15 log ms2 —e—
Karling et al., 1998 3.8 0.4 37 0.4 mHz2 i
Kingsley et al., 2010 4.9 0.6 5.7 1 Ln ms2 —
Kingsley et al., 2009 533 1.26 553 1.02 Ln ms2 ———
Kosek et al., 2015 410 259 759 657 ms2 —e—
Martinez - Lavin et al., 1997 024 0.15 0.29 0.18 nu —a—
Mazur et al., 2007 508.8 458 8546 713 ms2 —a—i
Mazur et al., 2012 716.1 769.1 1535.3 1359.5 ms2 —a—
Mazurak et al., 2011 125 0.35 1.4 0.5 log power )
Ng et al., 2007 230 205 441 512 ms2 —_—
van Oosterwijck et al. 2017 169.5 166.5 519.3 7729 ms2 ——
Orr et al., 2000 20 2 26 4 % power —_—
Pellissier et al., 2014 41.38 2 4431 242 nu ——
Pellissier et al., 2010 28.51 13.51 48.1 109 nu —— '
Raj et al., 2000 545 0.83 7.03 0.83 Ln ms2 —_— H
Reis et al., 2014 314 145 525 83 nu —_—
Reyes del Paso et al., 2010 102.09 167.59  359.42 603.08 ms2 —a—{
Reyes del Paso et al., 2011 82 90 187 161 ms2 —a—
Rizzi et al., 2017 198 51 940 366 ms2 —e— '
Robinson et al., 2015 34.1 11 376 129 nu —e
Rost et al., 2017 4.77 1.2 5.19 1.2 nu ——
Salvioli et al., 2015 842 228 1678 490 ms2 —a— i
Stein et al., 2004 586 0.94 6.05 1 Ln ms2 -
Tanaka et al 2018 52 19 49 18 % power -
Thompson et al., 2002 45 5 55 6 % power — :
Tousignant-| -Laflamme et al., 2006 1181 3278 698 669 ms2 —a—
Waring et al., 2004 16 46 16 nu ——
Yamamoto et al., 2003 130 222 170 159 sqrt ms2 ——
Yataco et al., 1997 34 24 42 29 NR ——
Yoshiuchi et al., 2004 1000 200 700 100 ms2 ! —— B 1. 2.6
Zamunér et al., 2015 89.2 191 508.2 141.8 ms2 —_— 4 . -4.06 [-5.45, -2.67
Zamunér et al., 2016 124.26 117.65 313.8 298.05 ms2 —e—! 1.95% -0 82[-1.48, -0.16]
RE Model - | 100.00% -0.69 [-1.03, -0.36]
[ I I |
-10 -5 0 5

Standardized Mean Difference
FIGURE 5. Forest plot of the random-effects meta-analysis of case-control studies with HF-HRV as an outcome variable (k = 52).
HF-HRV = high-frequency heart rate variability; M = mean; SD = standard deviation; SMD = standardized mean difference; CI =
confidence interval; RE = Random Effects.
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TABLE 2. Results of Moderator Analyses

RMSSD (k = 22) HF-HRV (k = 52)
B Q P B Q P
Syndrome type 449 11 4.02 .13
Sex 1.34 .25 0.83 .36
Recording length 0.64 .42 0.66 .42
Recording position 2.00 .37 0.01 .92
Units of reporting NA  NA 3.54 .32
Study quality 0.004 93  -0.09 15
Selection of -0.02 .81 -0.03 .76
participants
Quantification of  —0.02 .77 —0.08 .66
HRV
Control for 0.03 .75 -0.49 .002
confounders
Age -0.03 023 -0.02 11
Publication year -0.02 026 —0.04 13
Disease duration 0.03 .52 0.01 .83

Subgroup random-effects meta-analyses were performed for categorical variables.
Continuous variables were subjected to meta-regression.

RMSSD = root mean square of successive differences; HF-HRV = high-frequency
heart rate variability; HRV = heart rate variability.

p Values <.05 are presented in bold.

stress responses that may increase somatic symptom experience.
Stressed individuals are susceptible to negative and catastrophic
thinking and to making disease-related attributions for bodily sen-
sations, which may eventually contribute to the development of
MUPS (105-107). There is abundant evidence that HRV indices
of reduced parasympathetic activity are associated with these neg-
ative cognitive phenomena (19,108).

Chronic Stress Responses as a Consequence of MUPS
Chronic stress responses may also be a consequence of MUPS. In
this view, the experience of symptoms on itself can act as a strong
stressor triggering these chronic stress responses. MUPS are even
more stressful because of the lack of explanation as to the origin of
the symptoms and uncertainty about the prognosis and conse-
quences of the condition (98). Second, the effect of MUPS might
be of a much more unconscious nature. From an evolutionary per-
spective, a healthy body is essential for an adequate fight or flight
response in the face of potential stressors. Our physical ability to
deal with potential stressors is thus an important source of per-
ceived safety. There is reason to believe that a mere reduction in
this ability might be enough for a continuous stress response, as
reflected by reduced HF-HRV and RMSSD.

According to a novel theory of chronic stress, lack of perceived
safety is a sufficient requirement for a chronic stress response,
even in the absence of stressors (threats or thoughts about threats).
This theory, named Generalized Unsafety Theory of Stress
(109,110), argues that the stress response is not triggered by a
stressor but is a “default response, that is left on” when safety is
not perceived. This idea is based on recent neurobiological insights
that the amygdala is activated by default but is tonically inhibited
by the prefrontal cortex under conditions of perceived safety. In

Psychosomatic Medicine, V 83 « 2-15
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contrast, a lack of appraisal of safety maintains the default stress
response by means of prefrontal disinhibition, which is reflected
by reduced HRV indices of parasympathetic activity. Because this
mechanism is phylogenetically ancient, it remains largely uncon-
scious. It is thought to explain the chronic stress response found
in many conditions without sufficient stressors to account for it,
such as in loneliness, low social economic status, and in adults
with a history of childhood stress. An unfit body is believed to
be such a condition too (110). Organisms that chronically preemp-
tively disinhibited their stress response when they were—
temporarily or chronically—Iless able to realize an adequate fight
or flight response in the face of possible future danger had a sur-
vival advantage. Indeed, low HF-HRV and RMSSD have been
found in several other conditions of bodily unfitness, such as obesity
and low aerobic fitness (50,111). Thus, a Generalized Unsafety The-
ory of Stress explanation for the findings of this meta-analysis
would be that because of a “compromised” bodily state, MUPS
is associated with unconsciously experienced generalized unsafety,
indicated by low HF-HRV and RMSSD. Most likely both mecha-
nisms are at work at the same time, the conscious one due to
“MUPS as stressor” and the current one due to unconscious
unsafety. Thus, stress responses may co-determine MUPS and also
be the consequence of them.

The Self-Perpetuating Cycle of Chronic Stress
Responses and MUPS

Chronic stress responses are thus assumed a potential cause and
consequence of MUPS, and so the patient can theoretically be-
come locked into a self-perpetuating cycle of increased distress
and symptom maintenance. For example, early life stress can lead
to prolonged physiological activation (i.e., chronic disinhibited de-
fault stress response) due to generalized perceptions that the world
is an unsafe place. This chronic default stress response may in turn
cause somatic symptoms (either medically explained or unex-
plained) through detrimental effects on cardiovascular, immuno-
logical, and endocrinal systems. These somatic symptoms and
illness experiences may further amplify the chronic stress response
(or further disinhibit the default stress response), at least to some
extent, because now also the body is no longer perceived as safe.

Limitations and Future Directions
This study has several potential limitations. First, we exclusively
searched for articles in the electronic database Web of Science.
Second, studies reporting HRV data in median and ranges were ex-
cluded from the analyses. However, because most of these studies
are in line with our findings, we do not expect that these data
would have altered the observed effects. Third, publication bias
was supported by the asymmetric funnel plot but did not correspond
with the high fail-safe numbers. Fourth, substantial variation among
study findings in our meta-analyses remained unexplained, so there
may be potential moderators that we have overlooked.
Throughout this article, we have emphasized the need for lon-
gitudinal research to elucidate the mechanisms underlying reduced
HF-HRV and RMSSD in fibromyalgia, irritable bowel syndrome,
and chronic fatigue syndrome, as well as in other MUPS syn-
dromes, and explore potential differences between and within the
MUPS syndromes. There are also a number of nonlinear methods,
such as the short-term fractal scaling exponent or the ratio of the
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axes of the Poincare plot (SD1/SD2) that capture the balance be-
tween randomness and predictability of the heart rate pattern
(112). However, studies using nonlinear methods (73) have not ac-
cumulated to the point that it is reasonable to conduct a meta-
analysis. Future studies using graphic or nonlinear analysis are
needed to evaluate HRV in MUPS, while considering the organiza-
tion of heart rate patterns. Follow-up longitudinal studies should
also be undertaken for further elucidation of the nature of the asso-
ciation between HRV and MUPS. Because this meta-analysis is
quite robust, new (small) cross-sectional studies on HF-HRV and
RMSSD are not necessary. Moreover, future research should con-
tinue to focus on the development of standards for the use and in-
terpretation of HRV measures and consensus in terms of reporting.

CONCLUSIONS

The current study provides updated meta-analytic evidence of
studies that measured HF-HRV in the three most common MUPS
syndromes since the meta-analysis by Tak et al. (17). Ten years
later and including twice as many studies, we find support for an
association between HRV indices of reduced parasympathetic ac-
tivity and MUPS, possibly reflecting chronic psychological dis-
tress. Future research is needed to understand potential causal
pathways in this relation. A first step would be to assess whether
dysfunction of the autonomic nervous system precedes MUPS
syndromes and whether it normalizes when MUPS syndromes
are effectively treated (113,114).
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funding and potential conflicts of interest were reported from all
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