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Abstract

Objective: To test a model of non-improvement in chronic fatigue syndrome (CFS) utilizing
self-report activity patterns (e.g., “push-crash”), uplifts and hassles, and a biological measure of
cardiac autonomic function. Activity pattern impacts on symptoms and objective measures of
autonomic and physical activity were also examined.

Methods: This prospective study in CFS collected all data remotely, including six months of
weekly web diaries that recorded symptom ratings, activity patterns, and hassles and uplifts. In
addition, six months of weekly heart monitoring and three months of daily waking actigraphy
data were collected. Improvement or non-improvement status was assessed using semi-structured
interviews at 6 months follow-up.

Results: 148 individuals (87.2% female) were enrolled and 12.2% were lost to follow-up.
Participants reporting non-improvement (n=92), as compared to improvement (n=38) showed
greater autonomic dysfunction (lower heart rate variability [HRV], group difference =5.93
(SE= 2.73) ms; p=.032) and lower mean intensity of behavioral uplifts (group difference=0.14
(SE=0.16); p=.043), but no significant differences in any activity pattern, including push-crash,
limiting activity, and healthy pacing.

Conclusions: This study provided evidence for linking patient-reported non-improvement to a
biological variable indexing autonomic dysfunction and a behavioral measure indicating a deficit
in psychological uplifts. These findings suggest a possible marker of illness trajectory that could
potentially advance the biomedical underpinnings of CFS.
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Introduction

Non-improvement in chronic fatigue syndrome (CFS) is a rarely studied, but commonly
reported outcome, as roughly half of patients report worsened or unchanged illness in both
naturalistic studies (1, 2) and behavioral intervention trials (3, 4). Patients often attribute
illness non-improvement to less controllable factors such as lack of effective treatments

or negative life events, e.g., job loss (5, 6). Non-improvement in CFS may reflect higher
fatigue and greater limitations in activities of daily living which have both been correlated
with autonomic nervous system dysregulation, as indicated by reduced heart rate variability
(HRV) (7-9). These findings suggest the possibility that autonomic dysfunction in CFS
may be associated with potentially identifiable activity patterns that could contribute to
non-improvement. A clinical implication would be that interventions focused on HRV
enhancement might yield symptomatic improvement, cf. (10), and lead to targeted research
on autonomic interventions in CFS and related illnesses.

Commonly reported activity patterns in CFS that may be associated with autonomic
dysfunction include “push-crash” (11, 12), a presumably unhealthy symptom-producing
behavior of unsustainable high activity levels followed by steep declines into inactivity.
“Push-crash” has been evaluated in studies of inter- and intra-day associations between
objective physical activity levels and symptoms in CFS (13, 14, 7). Another apparently
unhelpful pattern, limiting activity (13, 15), appears to be associated with very low objective
activity levels (13), e.g., homebound individuals. In contrast, healthy pacing (16), a strategy
of balancing activity and rest to maximize sustained functioning, may be manifested in
staggering of activities at lower intensity levels to reduce symptom severity and variability
on the same and next day (7). Another potentially adaptive activity pattern, practical

social support seeking, has shown significant associations with greater illness control

(17), improved quality of life (18), and illness improvement (19) in CFS studies. To our
knowledge, helpful and unhelpful activity patterns and their associations with potential
biological indicators of CFS and global outcomes have not previously been investigated.

In addition to activity patterns, the behavioral variables of uplifts (minor pleasant events,
e.g., intimacy) and hassles (minor stressors, e.g., workload) may also influence outcomes
in CFS. Hassles have been examined in a cross-sectional study (20) of newly diagnosed
patients with CFS and fibromyalgia as compared to patients with multiple sclerosis. The
authors reported that the combined CFS and fibromyalgia group showed a higher frequency
of daily hassles and higher emotional impact of daily hassles. Furthermore, higher levels
of pleasant activities and life events, i.e., uplifts, have been associated with significantly
improved outcomes, i.e., reduced fatigue and impairment, in a one-year prospective study
of 130 patients with CFS (21). A clinical model of behavioral intervention in CFS (11)
suggested therapeutic prescription of uplifting activities and also the use of coping skills to
diminish the impact of hassles.

To examine potential biobehavioral underpinnings of non-improvement and improvement in
CFS, we hypothesized (Figure 1) that self-report non-improvers as compared to improvers
at six-month follow-up assessments will show significant differences in these dimensional
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variables: (a) illness-exacerbating and illness-moderating activity patterns; (b) weekly
hassles and uplifts; and (c) an objective indicator of autonomic dysregulation (heart rate
variability, or HRV). Non-improvement and improvement reports were based on patients’
global impression of change (PGIC) ratings. The PGIC is used for determining clinically
important changes in symptom severity, physical functioning and mood in chronic fatigue
and chronic pain (19, 22, 23, 24).

Given the potential importance of activity patterns as an outcome predictor, we also sought
to validate the presumed impacts of the activity patterns of push-crash, limiting activity,
healthy pacing and practical social support on symptom levels and objective measures

of autonomic (HRV) and physical activity. At baseline, standard questionnaire data were
collected for fatigue, physical function, depression and anxiety, and autonomic symptoms,
e.g., orthostatic intolerance or secretomotor-related complaints. This six-month prospective
observational study of individuals with CFS collected all data remotely from participants in
their homes without any in-person visits.

Participant Recruitment—Nationwide recruitment in the United States began in
September, 2016 and ended in October, 2019. Recruitment methods included study
announcements posted on major CFS patient support websites (e.g., Health Rising,
SolveME) and in the large private practices of CFS specialized physicians located in

New York and Utah. Without a travel requirement, this home-based study was considered
more likely to recruit these under-served patients, particularly those who were disabled and
homebound (25).

Initial screening—The initial screening of prospective participants for CFS was
conducted by the project nurses (PB, MM) utilizing a validated phone interview (1).
Selection criteria were: (a) age between 21-65, the lower age limit intended to avoid

cases that often resolve prior to adulthood (26) and the upper limit of 65 intended to
exclude confounding comorbidities associated with older age (27); (b) Fukuda-based CFS
symptoms (27) including: six months of medically unexplained, debilitating fatigue plus

4/8 secondary symptoms, i.e., impaired memory or concentration, unrefreshing sleep, sore
throats, headache, muscle pain, joint pain, tender lymph nodes, post-exertional malaise;

and (c) absence of exclusionary illnesses. To meet CFS symptom criteria, each of the 4
qualifying symptoms had to be endorsed by prospective participants with a frequency of
“sometimes” or greater and an intensity of “moderate” or higher (28). The phone interviewer
identified medical exclusions of cases of fatigue clearly attributable to self-report medical
conditions, e.g., untreated hypothyroidism (27). Exclusionary psychiatric disorders included
any psychosis, or alcohol/substance abuse within two years prior to illness onset and any
time afterward, and current or past depression with melancholic or psychotic features within
5 years prior to onset of CFS or anytime afterward (27).
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This six-month observational study of individuals with CFS collected all data remotely from
participants in their homes. There were no in-person visits. Based on previous outcome
studies in CFS (1), it was expected that half of the sample would rate their illness as
non-improved and half as improved on the PGIC rating. The study procedures, carried

out concurrently over six months, included: (a) a participant eligibility phone screening
followed by (b) mailing, completion and return of the informed consent form and standard
questionnaires; (c) mailing and return of actigraphs and heart monitors; (f) six months of
weekly web diary and HRV assessments and three months of daily actigraphy recordings;
(9) six month follow-up interviews to administer a functional assessment (LIFE-RIFT) and
PGIC rating and (h) data analysis. This study was approved by the Stony Brook University
Committee on Research Involving Human Subjects and all participants provided informed
consent. The study was pre-registered on ClinicalTrials.gov (NCT02948556).

Standard Questionnaires

The following validated measures provided standardized baseline data.

Fatigue Severity Scale (FSS).—This measure of the effect of fatigue on functioning is
comprised of nine items rated on a seven-point Likert-type rating scale, where one indicates
no impairment and seven indicates severe impairment (score range: 1.00-7.00). In the initial
validation study (29), internal consistency for the FSS was excellent (Cronbach’s a =0.80)
and the scale clearly distinguished between patients and controls. The scale, recommended
for use in CFS (30), showed high alpha consistency in our sample (Cronbach’s a =0.87).

SE-36 Physical Function Subscale (PFS).—The PFS (31) of the SF-36 measures
physical limitations of ill health on a scale of 0 to 100, where 0 indicates limited in all
activities, including basic self-care and 100 indicates no limitations. The PFS is composed
of ten items where each item is scored on the basis of the limitations perceived by surveyed
individuals. Item scores (1, 2, or 3) are summed to obtain a total score. Normative values
are available for the PFS for the US population. This subscale has shown good internal
consistency (Cronbach’s a = .81) in psychometric studies (31) and in our sample (a. =0.88).

The Depression, Anxiety and Stress Scale (DASS-21).—This validated 21-item
measure contains three seven-item subscales reflecting domains of psychological distress:
anxiety, depression and stress. Patients are asked to score every item on a scale from 0

(did not apply to me at all) to 3 (applied to me very much). Domain scores are calculated
by summing all items in a domain and multiplying by two (31). Sum scores for the total
DASS-21 total scale range between 0 and 120, and those for each of the subscales range
between 0 and 42. The DASS-21 has been used to assess stress factors in fibromyalgia (32),
a symptomatically overlapping illness. Its internal consistency in our sample was excellent
(Cronbach’s a. = 0.92).

Composite Autonomic Symptom Score-31 (COMPASS 31) (33, 34).—This
validated questionnaire of autonomic symptoms consists of six domains: orthostatic
intolerance, vasomotor, secretomotor, gastrointestinal, bladder and pupillomotor. The final
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domain scores are generated by multiplying the raw score with a weight index. The six
scores sum to a total score of 0 to 100, with higher scores indicating more severe autonomic
symptoms. Internal consistency for the six domains range from 0.71 to 0.93 (33). In a recent
population study (35), the COMPASS 31 indicated that 50% of individuals with CFS had
symptoms consistent with autonomic dysfunction, i.e., orthostatic intolerance.

Online Web Diary

The online web diary (StudyTrax, Inc., Macon, Georgia) was scheduled at the end of each
week to capture illness-related experiences for each prior 7-day period during the six-month
assessment period. The end-of-week recall of symptom and activity reports are reasonably
accurate representations of symptoms experienced and activities undertaken as compared to
daily reports for the same measures in ecological studies (2, 36). Participants rated symptom
intensity (highest, lowest and average ratings for fatigue pain, and stress) for each week.

Activity pattern subscales.—Also included on the web diary were two validated

factor scales (13 items) from the Behavioral Responses to Iliness Questionnaire (BRIQ)
(15) that reflect specific behavioral patterns linked to non-improvement, i.e., push-crash
(over-exertion followed by collapse into inactivity, e.g., lying in bed) and limiting

activity (consistently low activity levels; e.g., homebound individuals). Behavioral patterns
associated with patient-reported /improvemert were assessed with the 4-item BRIQ factor,
Practical Support Seeking (e.g., asked for help from my family or friends), and the author-
constructed (FF) 6-item “healthy pacing” scale that includes items about relaxation, walking,
and pacing. The healthy pacing scale showed adequate internal consistency (Cronbach’s a
=.70) and significant associations with PGIC ratings in pilot data. Activity pattern subscale
items are available in Supplemental Digital Content 1.

Hassles and Uplifts Scale.—The weekly web diary also contained the 53-item
Combined Hassles and Uplifts Scale (CHUS)(20) which measures minor daily stressors
(expected link to non-improvement) and behavioral uplifts (linked to improvement) in
relation to family members, work, health, etc. The CHUS yields subscales of frequency

and intensity. Scores of hassles and uplifts frequency range from 0 to 53, with the total score
indicating how many items were simply endorsed. When endorsing an item, participants are
asked to rate how much of a hassle or uplift the specific item was. Items are rated on a
3-point Likert-based scale ranging from 1 (somewhal), 2 (quite a bit), to 3 (a great deal). The
average rating of these items yields intensity scores. Participants may rate events as hassles,
uplifts, or both. The CHUS has shown good reliability and validity, predicting mood and
somatic health outcomes (37, 20).

Objective Measures

Accelerometry.—Our accelerometer, the actigraph model GT9X (Actigraphcorp, Fort
Walton Beach, Florida) is a computerized waist worn device that records movement and
provides a useful portable method for assessing activity patterns. The device captures and
records high resolution raw acceleration data, which are converted into Activity Counts
using publicly available algorithms. Waking actigraphy data were collected daily for the
initial 90-day assessment period to objectively examine CFS activity patterns (38), i.e., mean
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of 90-day actigraphy counts and actigraphy variability, potentially related to push/crash,
limiting activity, and healthy pacing (Figure 2).

Heart Rate Monitor.—HRYV is a non-invasive measure of cardiac autonomic function.
HRV was calculated via electrocardiogram (ECG) collected with a research-grade
multifunction ambulatory heart monitor (eMotion Faros 180; MegaElectronics, Kuopio,
Finland). ECG data were collected at a 500Hz sampling rate using a 3-lead configuration.
Data were exported for analysis in the Kubios HRV analysis suite (version 3) for R-peak
detection and the visual inspection of artifacts (e.g., non-sinus beats, movement), and HRV
calculation. R-peaks were detected using a modified Pan-Tompkins algorithm (39, 40).
Detected artifacts were corrected by replacing artifacts with interpolated values via cubic
spline interpolation.

The root mean square of successive differences (RMSSD) was then calculated to estimate
HRV. RMSSD reflects beat-to-beat variance in heart rate and is the primary time-domain
measure used to estimate the vagally mediated changes reflected in HRV (41). The home-
worn device measured HRV at these times: (a) During sleep on the first two nights of the
baseline week; and (b) 10 min. each week for 25 weeks during the six-month assessment
period. To approximate a standard setting, HRV data were collected by participants at home
while sitting in a comfortable chair for ten minutes in the evening between 7pm-9pm. A
small beeper-size heart monitor was sent to each participant. Proper electrode placement
was guided by written instructions and confirmed with an initial staff phone call to each
participant. Consistent with recommendations (42), inter-beat intervals recorded for five
min are sufficient to approximate parasympathetic outflow to the heart (43). The first two
minutes of data were discarded to provide an acclimatization period.

Semi-structured interview (six month follow-up)

Nurse-conducted (PB, MM) phone interviews at six month follow-up included these
measures:

The (Modified) Range of Impaired Functioning Tool (LIFE-RIFT).—The LIFE-
RIFT (44) is a brief (10 min), reliable and valid semi-structured interview for assessing
functional impairment (none to severe) in relation to current illness, as administered

by a trained interviewer. Each item targets functioning in one of four domains: work,
interpersonal relations, recreation and global satisfaction. The interviewer asks questions
guided by the behavioral anchors provided for each item in order to obtain the information
needed to make each rating on a six-point scale. The inter-rater reliability of LIFE-RIFT
ratings, based on two independent raters of 15 (12%) interviews, was excellent for all four
scales (Intraclass correlations: Work: 0.91; Interpersonal: 0.89; Recreation: 0.98; Global
Satisfaction: 1.00)

Patient Global Impression of Change (PGIC) rating.—A PGIC rating was taken
during the phone interview, based on seven levels of change ranging from very much
worse to very much improved (2) as it applied to the prior six months. Participants who
responded with a PGIC rating of “very much worse,” “much worse,” “somewhat worse”
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or “unchanged” were assigned to the “non-improvement” subgroup, and individuals who
responded with a rating of “very much improved,” “much improved,” or “somewhat
improved” were assigned to the “improvement” subgroup. This was the last measure

in the interview to ensure that the assignment of participants to non-improvement or
improvement subgroups did not influence responses to the other interview measures. The
non-improvement and improvement subgroups constituted a binary dependent variable upon
which our prediction model (Figure 1) was based, i.e., activity patterns, minor life events,
and HRV as predictors of non-improvement or improvement. The PGIC rating, providing a
generalized view of the patient’s perception of overall change (22, 24), has shown construct
validity in CFS studies on standard measures of fatigue and functioning (2).

Power estimation.—With 7 hypothesized predictors for non-improvement or
improvement (push-crash, limiting activity, healthy pacing and practical social support
scores, hassles and uplifts scores, and HRV), a conservative type | error was set at 0.008
(=0.05/6) using Bonferroni adjustment. A logistic regression of a binary response variable
(non-improvement vs. improvement) on a continuous, normally distributed variable (X) with
a sample size of 120 observations achieves 80% power at a 0.008 significance level to detect
a change in the probability of non-improvement from the value of 0.500 at the mean of

X to 0.654 when X is increased to one standard deviation above the mean. This change
corresponds to an odds ratio (OR) of 1.892, which is a relatively low OR (Software: PASS
12) (45). Generally, an OR of 1.5 is considered small and an OR of 2.50 is considered
moderate.

Data analysis

Standard descriptive statistics characterized the study sample. Participants were classified
into two groups: non-improvers and improvers based on PGIC ratings at the six month
follow-up. For our improvement/non-improvement hypothesis (Figure 1), independent t-
tests were used to test for differences between the binary classifier of non-improvement/
improvement and these predictors, based on 25-week means: (i) illness-exacerbating (push-
crash, limiting activity) and illness moderating (healthy pacing, practical social support
seeking) behavioral patterns; (ii) hassles and uplifts; and (iii) autonomic dysfunction as
measured with weekly HRV. In order to verify that group differences in HRV were not
simply due to symptomatic differences, Wilcoxon rank sum tests were used to compare
improvers and non-improvers at baseline week and follow-up week for HRV and fatigue,
pain and stress ratings. Finally, our post-hoc trend analysis used one-way ANOVA. For
improver and non-improver groups separately, weekly fatigue means were coded into 3
groups, weeks 1-8, 9-16, and 17-25 with the linear trend based on fatigue change across the
3 time-coded groups.

In our model of activity pattern predictors of objective and self-report measures, based

on 13-week means (Figure 2), the Spearman rank correlation was used to measure the
relationship of self-report activity patterns to actigraphy counts, symptom severity (fatigue
and pain intensity), and HRV. Statistical analysis was performed using SAS 9.4 (SAS
Institute Inc., Cary, NC) and significance level was set at 0.05.
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Results

Participant Characteristics

Of the 284 phone-screened individuals, 113 (39.8%) were excluded because of not meeting
entry criteria and 23 (8.1%) declined to participate. One hundred forty-eight individuals
were enrolled and 12.2% were lost to follow-up. Most participants (Table 1) were in their
40s, female (87.2%), white (90.3%), and ill for over a decade. Baseline questionnaire
scores showed high fatigue severity, impaired physical function, and elevated autonomic
symptoms. The correlation matrix for baseline measures is presented in Supplemental
Table S1, Supplemental Digital Content 2. COMPASS 31 (autonomic symptom) scores
were significantly correlated with: the SF36 PFS (r=.32; p=.0008), DASS anxiety (r=.49;
p=.0001), DASS Depression (r=.30; p=.004), and DASS stress (r=.24; p=.009) scores.

Activity Pattern Subscales: internal consistency and test-retest reliability

The mean internal consistency values (Cronbach’s a values) for activity pattern subscales
over 25 weekly tests were as follows: push-crash=.90, limiting activity =.73; social support
seeking=.66 and healthy pacing = .90. Levels => .70 are considered acceptable (46, 47).

For test-retest reliability, an intraclass correlation (ICC) =0.70 is regarded as an acceptable
level (46, 47). Only the social support seeking scale reached acceptable test-retest reliability
(.70), while the ICCs for push-crash, limiting activity and healthy pacing scales, ranged from
41-.47. Although below acceptable levels, these scales raise potentially interesting questions
about the short-term stability of activity patterns in CFS (see Discussion).

Improvers and non-improvers

A significant difference in 25-week average fatigue level was found between improvers and
non-improvers (t=2.56 (126); p=.012; Cohen’s f=1.38). Given a visually apparent decline
in fatigue ratings across the 25 weeks, particularly in the improver group, we tested for
and found a significant 25-week linear trend for both the improver (F (2, 22) = 13.62;
p<.001; 72= 0.65) and to a lesser extent the non-improver (F (2, 22) = 6.38; p=.003;

77 = 0.46) subgroups. Specifically, fatigue declined by 14.8% in the improver group and
by 0.03% in the non-improver group. In the improver group only, a declining (F (2, 22)
=.4.44; p=.024; 7 = .31) trend was found in Stress ratings. No trend in pain ratings was
found. In addition, no significant difference in overall functioning (LIFE-RIFT) was found
between improvement and non-improvement subgroups, although the global change rating
was significantly associated with overall functioning (r=.26; p=.006).

Global ratings at six month follow-up indicated far more non-improved (n=92) than
improved (n=38) participants. No significant differences were found on any baseline
self-report measure when comparing non-improvers to improvers at six month follow-up
(Table 2). The group classifier of improvement/non-improvement (Figure 1; Figure 3)
showed significant differences on 25-week means for HRV values (p=.032) and behavioral
uplift intensity (p=.043) (Table 3), indicating decreased HRV and decreased intensity

of uplifts in the non-improvement subgroup. The HRV distinction between improvers

and non-improvers was also found at baseline (p=.013) and follow-up (p=.038) weeks.

By comparison, symptom ratings (fatigue, pain) were not significantly different (prange:
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.055-.993) between the 2 groups at baseline and follow-up weeks. No significant differences
on the improvement/non-improvement classifier were found for any activity pattern or for
the hassles scale scores. The improvement/non-improvement distinction is based on these
seven categories of the PGIC, indicating the number of participants in each category:
Improved [very much improved (n=2), much improved (n=10), somewhat improved (n=
26)], and non-improved [unchanged (n=43), somewhat worse (n=26), much worse (n= 16),
very much worse (n=7)].

Activity pattern predictors of objective measures and symptoms

Our proposed model (Figure 2) of activity pattern predictors of HRV, actigraphy and
symptoms received limited confirmation (Table 4). The push-crash pattern was not
significantly related to actigraphy or symptom variability. However, consistent with the
model, the limiting activity pattern was significantly related to fatigue, actigraphy counts
and actigraphy variability, but not to HRV. Also as predicted, healthy pacing was
significantly related to fatigue, pain, and actigraphy counts.

Discussion

This observational study of individuals with CFS sought to identify activity patterns and
objective markers that would distinguish self-report non-improvement and improvement
outcomes. Participants reporting non-improvement (as compared to improvement) showed
greater autonomic dysfunction (reduced HRV) and decreased intensity of behavioral uplifts,
but did not show significant differences in any activity pattern, including push-crash,
limiting activity, healthy pacing, and practical social support seeking. Limiting activity was
significantly related to fatigue and actigraphy counts, and healthy pacing was significantly
related to fatigue, pain, and actigraphy counts. The practical support seeking pattern was
significantly associated with actigraphy counts and stress ratings.

This is the first study as far as we are aware that confirmed a consistent biological
difference, i.e., HRV, between self-report improvers and non-improvers with CFS. Reduced
HRV in the non-improver group suggests an autonomic dysfunction that is relatively more
severe than that found in the improver group. Both subgroups showed an HRV level far
below that found in healthy individuals (8, 9). Apart from HRV, only self-report behavioral
uplift intensity separated non-improver and improver subgroups. This is consistent with a
prior observational study (21) showing that positive events over a one year period predicted
improved outcomes in CFS. Although the effect sizes for HRV and uplift intensity were
small, their potential clinical significance for individuals with ME/CFS awaits confirmation
in a treatment trial focused on enhancing HRV and/or focusing on uplifts as intervention
techniques.

Self-report activity patterns did show significant associations with symptom variables

that are consistent with adaptive and maladaptive patterns, although the improvement/non-
improvement model was not successful in distinguishing these patterns. These negative
findings might suggest any of these explanations: (1) long-term outcomes are simply not
sensitive to weekly self-report activity patterns; (2) activity patterns defined in this study do
not capture other patterns that may be more predictive of outcomes; (3) the improvement/
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non-improvement binary is too crude of a distinction to capture changes in illness trajectory.
In addition, the PGIC as an indicator of global change folds in psychological impacts,

such as stress/depression/anxiety which are all common in CFS and may be incorporated
into one’s multifaceted perceptions of their own health status (22, 24). In addition, the

low test-retest reliability of activity pattern scales suggest that these scales do not measure
trait-like patterns, cf. (48). Alternatively, these measures may reflect a responsiveness to
change over time (47, 49) that is confirmed by significant associations in the expected
directions between actigraphy counts and both limiting activity and healthy pacing patterns.

The differences in HRV between non-improvers and improvers show some consistency
with other published data. Reduced HRV in CFS has been associated with limitations in
activities of daily living and higher fatigue (7-9). Short-term measurement norms for HRV
(RMSSD) were published by Nunan et al. (50), largely based on individuals over 40 years
of age, similar to the current study. The normative RMSSD mean was 42 ms (range:19-75).
By comparison, our non-improvers’ mean RMSSD was 21.46 ms (range: 5-60) and the
improvers” mean was 27.40 ms (range: 11-90). These highly disparate HRV findings
between CFS and healthy norms, further suggest that even in our improver subgroup, this
biological correlate of health and well-being was well below healthy norms.

Given the relatively poor clinical outcomes in CFS studies (1, 2), the identification of
biological patterns associated with non-improvement and improvement has implications for
interventions. Our study findings may inform newer evidence-based approaches to potential
illness improvement in CFS based on improving autonomic function and incorporating
uplifting activities. In a 10-session pilot study of HRV biofeedback in fibromyalgia (10),
clinically significant improvements in pain and functioning were found at 3 month follow-
up. HRV biofeedback is available as a smartphone-delivered intervention for home use

(51). In addition, noninvasive vagal nerve stimulation (nVNS) increased HRV and alters
cardiovascular control towards parasympathetic predominance (52, 53). nVNS has been
FDA-approved for migraine treatment (54). These preliminary studies suggest that increased
HRV may be associated with clinical improvements. Also our uplifts data suggest a
potentially significant role for incorporating uplifting activities in self-management-focused
interventions. Perhaps highly positive uplifting activities, as found in the current study

for the improver subgroup, may help to counteract the perceived stress factors that CFS
participants cite in explaining their non-improvement status (5).

The findings of the present study need to be considered in the context of some limitations.
The present analyses focused on the association of mean levels of activity patterns, hassles
and uplifts, and autonomic dysregulation with a dichotomized retrospective self-report
measure of improvement. It is possible that more fine-grained multivariable statistical
models examining time-trajectories of these predictors as well as other measures of
perceived CFS improvement (e.g., continuous and/or pre-post assessments) will shed
additional light on the multiple factors associated with improvements in CFS. These
limitations are to some extent offset by the unique and long-term ambulatory monitoring
of multiple self-report, behavioral and physiological measures that are relevant to the
understanding of CFS.

Psychosom Med. Author manuscript; available in PMC 2023 April 14.
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The relatively small sample size in the improver group in this study may have precluded
more definitive comparisons with the non-improver subgroup. Perhaps our entirely home-
based data collection selected for a more severely ill group. Also remote data collection
methods may have resulted in missed or less accurate information as compared to supervised
in-person visits. Furthermore, relatively low frequency predictors of illness change, i.e.,
major life events (55), were too few for analysis likely due to the brief study duration.
Finally, as an observational study rather than a randomized trial, no definitive conclusions
can be drawn about cause and effect with respect to illness predictors.

The main objective of this study, to assess biobehavioral status in CFS with the goal

of developing an objective marker of illness change or trajectory, yielded a possible
biological correlate of autonomic dysfunction, i.e., HRV, as well as a behavioral indicator
of non-improvement, a deficit of high intensity uplifts. These findings might ultimately

lead to improved illness management utilizing interventions such as HRV biofeedback. This
study provided useful findings about the relationship of biology and behavior to outcomes
in the setting that most accurately reflects the patient’s status: the home environment.

The possibility of linking patient-reported change with a biological measure of cardiac
autonomic function sensitive to illness trajectory would be a substantive advance in the
biomedical validation of CFS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Baseline demographic characteristics of CFS study sample.

Age, M(SD)
Length of illness in years, M(SD)
Sex, female (%)
SF36 PFS, M(SD)
Fatigue Severity Scale, M(SD)
COMPASS 31, M(SD)
DASS-21 - Anxiety, M(SD)
DASS-21 - Depression, M(SD)
DASS-21 - Stress, M(SD)
Marital Status, /(%)

Single/divorced/separated

Living with partner
Ethnicity, 7(%)

European

Latino

Black

Asian

Native American
Employment, (%)

Working full time

Working half time/part time

Unemployed

Receiving disability benefits

46.11 (11.8)
16.5 (10.3)
129 (87.2%)
68.58 (20.6)
6.57 (0.74)
31.03 (15.2)
454(33)
431(4.3)
7.06 (3.7)

67 (47.9%)
71 (50.8%)

130 (90.9%)
7 (4.9%)
4(2.8%)
2 (L.4%)
1(0.7%)

25 (19.2%)
14 (10.8%)
44 (33.8%)
44 (33.8%)

Table 1.

Page 18

SF36 PFS = Short-form 36 Physical Function Subscale; COMPASS = Composite Autonomic Symptom Score-31; DASS-21 = Depression, Anxiety

and Stress Scale.
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Table 3.

Twenty-five week mean scores reflecting biobehavioral differences in CFS between participants who self-
report improvers and non-improvers.

M SE  95% CI for Difference n Delta SEDelta tfor Delta pfor Delta D

Push-crash

Non-improvers 4.03 0.09 91

Improvers 398 017 -0.46-0.31 37 0.05 0.18 -0.28 0.78 0.04
Limiting activity

Non-improvers 339 0.07 90

Improvers 325 011 -0.12-1.39 37 0.04 013 -1.08 0.28 0.21
Healthy Pacing

Non-improvers 3.89 0.08 90

Improvers 381 012 -0.20-0.37 37 0.08 0.14 0.57 0.57 0.11
Practical Support

Non-improvers 496 0.12 90

Improvers 4.85 0.2 -0.34-0.57 37 0.14 0.23 0.47 0.64 0.09
Hassles Frequency

Non-improvers 2148 0.72 90

Improvers 2163 131 -2.93-2.61 37 015 14 -0.14 0.91 0.02
Hassles Intensity

Non-improvers 162 0.04 90

Improvers 159 0.04 -0.19-0.15 37 0.03 0.06 0.51 0.61 0.1
Uplift Frequency

Non-improvers 1883 08 90

Improvers 20.68 135 -4.85-1.15 37 185 152 -1.22 0.22 0.23
Uplift Intensity

Non-improvers 151 0.04 90

Improvers 165 005 -0.26--0.01 37 0.14 0.06 -2.08 0.043 0.4

Heart Rate Variability#
Non-improvers 2147 115 90
Improvers 274 325 -11.33--052 3 593 273 -2.17 0.032 0.38

#Root mean square standard deviation (RMSSD) (ms)

Delta = difference between participants who improved vs. participants who did not improve.
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Table 4.
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Model-predicted Spearman correlations between 13-week mean activity patterns and actigraphy, symptoms,

and heart rate variability (H RV)+

Objective measures and symptom ratings  Push-crash  Limiting activity = Healthy pacing Practical social support seeking+
Actigraphy count 0.12 —0.237%* 018" —0.28™*

Fatigue score 0.22%* 021% —0.19% 0.03

Pain score 0.25™% 0.08 —0.19% -0.05

Stress score 0.417" 0.03 -0.12 0.02

HRV 0.15 0.05 0.06 0.12

Sleep HRV 0.02 -0.01 0.08 0.16

+
Practical social support seeking, a tested activity pattern, was not included in the original model (Figure 2).

*
p<.05;

Ak
<01,

HokA

£<.001
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