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Abstract: Dysfunction of biological stress systems and adverse life events, independently and in
interaction, have been hypothesized to predict chronic pain persistence. Conversely, these factors
may hamper the improvement of chronic pain. Longitudinal evidence is currently lacking. We exam-
ined whether: 1) function of biological stress systems, 2) adverse life events, and 3) their combination
predict the improvement of chronic multisite musculoskeletal pain. Subjects of the Netherlands Study
of Depression and Anxiety (NESDA) with chronic multisite musculoskeletal pain at baseline (N = 665)
were followed-up 2, 4, and 6 years later. The Chronic Pain Grade Questionnaire was used to deter-
mine improvement (not meeting the criteria) of chronic multisite musculoskeletal pain at
follow-up. Baseline assessment of biological stress systems included function of hypothalamic-
pituitary-adrenal axis (1-hour cortisol awakening response, evening level, and post dexamethasone
level), the immune system (basal and lipopolysaccharide-stimulated inflammatory markers), the
autonomic nervous system (heart rate, pre-ejection period, SD of the normal-to-normal interval,
and respiratory sinus arrhythmia). The number of adverse life events were assessed at baseline
and 2-year follow-up using the List of Threatening Events Questionnaire. We showed that
hypothalamic-pituitary-adrenal axis, immune system, and autonomic nervous system functioning
and adverse life events were not associated with the improvement of chronic multisite musculoskel-
etal pain, either as a main effect or in interaction. This longitudinal study could not confirm that bio-
logical stress system dysfunction and adverse life events affect the course of chronic multisite
musculoskeletal pain.

Perspective: Biological stress systems and adverse life events are not associated with the improve-
ment of chronic multisite musculoskeletal pain over 6 years of follow-up. Other determinants should
thus be considered in future research to identify in which persons pain symptoms will improve.
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hronic pain is a common and persistent problem in
Cthe community.’® However, some persons show

improvement in pain symptoms'® and it is useful
to examine which factors identify these persons. Biolog-
ical and psychosocial stress factors may play a role in the
deterioration, persistence, or the improvement of
chronic pain."

Considering biological factors, subjects with chronic
pain have previously shown alterations in biological
stress systems.’?* Previous cross-sectional studies indicate
that dysfunction of the hypothalamic-pituitary-adrenal
(HPA) axis, the immune system (IMS), and the autonomic
nervous system (ANS) promote neural alterations that
have been associated with central sensitization processes
in pain disorders.?>*® Furthermore, psychosocial trigger
incidents, such as adverse life events, may among others
exacerbate chronic pain through their effect on
biological stress systems.>*>® Support for this model (see
Fig 1) comes mainly from cross-sectional findings hence
causal directions remain uncertain.

To be more precise, previous cross-sectional studies
showed lower levels of HPA axis cortisol?>3** and
increased sensitivity to feedback inhibition of the HPA
axis® in chronic pain. In other studies, individuals with
chronic pain showed an increased innate immune
response'®?® and altered parasympathetic and sympa-
thetic activity of the ANS."**' Longitudinal studies on
the role of biological stress systems in chronic pain are
scarce and mainly focused on the onset of chronic
pain.>® One prospective study reported that altered func-
tion of the HPA axis predicted the onset of chronic wide-
spread pain.>® Thus, although function of biological
stress systems might be altered in chronic pain, its associa-
tion with the persistence or improvement of chronic pain
remains unclear.

With regard to psychosocial stress factors, cross-sectional
studies suggest an association between recent adverse life
events and chronic pain.>?’ Longitudinal studies showed
that adverse life events were associated with the future
onset of chronic pain.>*?> One prospective study reported
that experiencing 2 or more negative events (related
to relationships, unemployment, illness, or financial
problems) predicted new-onset chronic widespread pain
15 months later.”* Nevertheless, the role of life events in
relation to the future course of chronic pain remains to
be elucidated.

Most previous studies on biological stress systems and
life events in relation to chronic pain did not take
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Figure 1. Hypothetical framework suggesting that alterations
in biological stress systems induce central sensitization, ulti-
mately resulting in the persistence of chronic pain, an effect
that is aggravated by adverse life events.>
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relevant confounders into account, although previous
work has indicated that lifestyle,'**”%” chronic
diseases,”>*” and psychopathology®"*’ may influence
biological stress systems and chronic pain. For example,
older age and chronic diseases (such as cardiovascular
disease) have been associated with increased cortisol
levels,”® and an increased risk of persisting chronic
pain.>**’ In addition, previous research has shown that
psychopathology®® and pain status at baseline’® might
not only confound, but also moderate the association
between biological function and chronic pain. We
showed in a previous study that hypocortisolemia was
only present in subjects with chronic pain without
depressive and anxiety disorders, because these disorders
seem to conversely increase cortisol levels.?? To test this,
interaction of biological variables with psychopathology
have to be examined in the association between biolog-
ical stress systems and chronic pain. There is a lack of
large-scale longitudinal studies that take these relevant
confounders and moderators into account.

This 6-year longitudinal study followed 665 subjects
who had chronic multisite musculoskeletal pain at base-
line to determine the association of baseline: 1) dysfunc-
tion of the HPA axis, IMS and ANS, 2) adverse life events,
and 3) the interaction of biological dysfunction and life
events, with the improvement of chronic multisite
musculoskeletal pain across a 6-year follow-up, while ad-
justing for sociodemographic characteristics, lifestyle,
chronic diseases, depression, and anxiety. We hypothe-
size that biological stress systems and life events
contribute to the maintenance of chronic pain.

Methods

Study Design, Data Collection
Procedures, and Study Sample

The present study used longitudinal data from the
Netherlands Study of Depression and Anxiety (NESDA):
an ongoing cohort study in which 2981 participants
(aged 18-65 years at baseline), from which 94.8% were
of North European ancestry, were monitored biannually
for 6 years to investigate the long-term course and conse-
guences of depressive and anxiety disorders. Participants
were recruited from the community (19%), primary care
(54%), and specialized mental health care (27%). The
community sample builds on 2 Dutch cohorts that were
available through previous studies.®?® Primary care
patients were recruited from 65 general practitioners
through a 3-stage screening procedure including
screening questionnaires and phone interviews. People
in different developmental stages of psychopathology
as well as control participants with no psychiatric diag-
nosis participated. The disorders included dysthymia, ma-
jor depressive disorder, general anxiety disorder, panic
disorder, social phobia, and agoraphobia. Because of
the design of the NESDA study, exclusion criteria were
not being fluent in Dutch or a diagnosis of a primary psy-
chiatric diagnosis other than depression and anxiety (eg,
psychotic disorder, obsessive compulsive disorder, or se-
vere addiction disorder assessed using Diagnostic and
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Statistical Manual of Mental Disorders criteria using the
Composite International Diagnostic Interview??). Base-
line data collection took place between 2004 and 2007,
with follow-up assessments 2, 4, and 6 years later. Data
collection was performed by specially trained clinical
research staff at the 3 research sites in the Netherlands
(Amsterdam, Groningen, and Leiden) and included
assessment of written questionnaires, interviews, a med-
ical examination, and collection of blood and saliva sam-
ples. The NESDA study contains a high proportion of
subjects with chronic multisite musculoskeletal pain
and provides a unique opportunity to control for rele-
vant variables such as depressive and anxiety disorders.
The research protocol was approved by the ethical com-
mittee of participating universities and written informed
consent was obtained from all participants. Penninx
et al*® provided a detailed description of the NESDA
study design and sampling procedures.

Participants with chronic multisite musculoskeletal
pain at baseline were included in the present study
(n = 767) and followed up for the improvement of
chronic multisite musculoskeletal pain over 6 years. Of
these eligible subjects, 665 subjects had data on pain at
follow-up (2-, 4-, or 6-year) available (therefore,
n = 102 were lost to follow-up). Baseline data were as-
sessed on biological stress systems function and adverse
life events. All subjects had baseline data available for
adverse life events or for at least 1 marker of the biolog-
ical stress systems.

Improvement of Chronic Multisite
Musculoskeletal Pain

Chronic multisite musculoskeletal pain was defined us-
ing an updated version of the Chronic Pain Grade Ques-
tionnaire (CPG*?). The CPG first inquires about the
presence of pain in the previous 6 months in the extrem-
ities (joints of the arms, hands, legs, or feet), back, neck,
head, abdomen, chest, and the orofacial area (mouth
and face).*” The subsequent questions in the CPG refer
to the most painful location and inquire: 1) days in
pain in the previous 6 months (scale of 0-180), 2) pain
at this moment (scale of 0-10), 3) worst pain in the previ-
ous 6 months (scale of 0-10), 4) average pain in the pre-
vious 6 months (scale of 0-10), 5) disability days in the
previous 6 months (scale of 0-180), 6) disability in daily
activities (scale of 0-10), 7) disability in spare time, social
life, and family activities (scale of 0-10), and 8) disability
in work (scale of 0-10). For the assessment of pain
severity, a total pain intensity score was calculated using
questions 2, 3, and 4 of the CPG, and a total pain
disability score was calculated using questions 6, 7, and
8 of the CPG (average of the 0-10 ratings of the 3 ques-
tions multiplied by 10 resulting in a
0-100 score). Disability points (scale of 0-6) were calcu-
lated adding the total disability score (0-100) and the
indicated points for disability days (question 5 of the
CPG; see Von Korff et al*® and Supplementary Table 1).
Five grades were categorized: grade 0 (pain-free, no
pain in the previous 6 months); grade | (low disability
[less than 3 disability points], low intensity [score below
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50]); grade Il (low disability, high intensity [score 50 or
higher]); grade Il (high disability, moderately limiting
[3-4 disability points regardless of pain intensity score]);
and grade IV (high disability, severely limiting [5-6
disability points regardless of pain intensity score]; see
Von Korff et al*® and Supplementary Table 2). Following
our previous studies,'®?° we defined chronic multisite
musculoskeletal as grade |, 1I, lll, or IV on the CPG and
pain present in the previous 6 months in the
extremities, the back, and the neck. Improvement was
defined as being free of chronic multisite muscu-
loskeletal pain (in the previous 6 months) at 1 of the
follow-up time points (2, 4, or 6 years). Time to improve-
ment described the first time point at which improve-
ment occurred. Subjects whose chronic multisite
musculoskeletal pain did not improve were classified as
‘persistent’ and still met the criteria of chronic multisite
musculoskeletal pain at all follow-up time points. All
subjects were censored in the analysis at the occurrence
of improvement or at the last recorded follow-up.

Biological Stress Systems

Function of the HPA axis was assessed by collection of
saliva samples at home using Salivettes (Sarstedt AG and
Co, Numbrecht, Germany) at 7 time points within a me-
dian of 9 days (interquartile range [IQR] = 5-22) after
the baseline interview. Cortisol analysis was performed
using competitive electrochemiluminescence (E170;
Roche, Basel, Switzerland). The cortisol awakening
response included sampling points at awakening, and
30, 45, and 60 minutes later. Using formulas described
by Pruessner et al,*® the area under the curve with
respect to the ground (AUCg) and with respect to the in-
crease (AUCi) were calculated on the basis of the 4 morn-
ing cortisol measures.*®* The AUCg is an estimate of the
total cortisol secretion over the first hour of awakening,
whereas the AUCi is a measure of the dynamic of the
cortisol awakening response related to the sensitivity
of the system and emphasizing the rate of change of
the cortisol levels after awakening. In line with our pre-
vious work,*” we only used AUCg and AUCi as markers
of the cortisol awakening curve in our analyses. Evening
cortisol was averaged over 2 evening values (10 pmand 11
pm). To provide a measure of the negative feedback sys-
tem of the HPA axis, the cortisol suppression ratio was
calculated as the cortisol value at awakening on the first
day divided by the cortisol value at awakening on the
next day after ingestion of .5 mg dexamethasone the
evening before (directly after the saliva sample at 11
pm). Cortisol values were assigned as missing if samples
were collected outside of a margin of 5 minutes before
or after the time protocol. Also, a pilot test has been per-
formed to rule out noncompliance with dexamethasone
ingestion (see Vreeburg et al*’*® for details on cortisol
assessment and data cleaning procedures).

For function of the IMS, basal inflammation and the
innate immune response were assessed because they
have previously been related to chronic pain.'® Fasting
morning blood samples were kept frozen at —80°C and
basal levels of inflammatory markers C-reactive protein
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(CRP), interleukin (IL)-6, and tumor necrosis factor (TNF)-
o were assayed. CRP was assayed using a high-sensitivity
in-house enzyme-linked immunosorbent assay (ELISA)
on the basis of purified protein and polyclonal anti-CRP
antibodies (Dako, Glostrup, Denmark). IL-6 was assayed
using a high-sensitivity ELISA (PeliKine-Compact ELISA,
Sanquin, Amsterdam, The Netherlands). TNF-a was as-
sayed using a high-sensitivity solid-phase ELISA (Quanti-
kine HS Human TNF-o. Immunoassay, R&D Systems Inc,
Minneapolis, MN). Following our previous studies,'®'?
a basal summary index was calculated as the
standardized sum of all 3 standardized In-transformed
basal inflammatory markers. The innate immune
response of 13 cytokines was determined in whole blood
that was ex vivo stimulated with lipopolysaccharide (LPS;
10 ng/mL blood). LPS-stimulated samples were laid flat
and incubated at a slow rotation for 5 to 6 hours at
37°C. Plasma was kept frozen at —80°C. Using a multiana-
lyte profile (Human CytokineMAP A version 1.0; Myriad
RBM, Austin, TX), interferon-y, IL-2, IL-4, IL-6, IL-8, IL-
10, IL-18, C-C motif chemokine (CCL) 2, CCL3, CCL4, ma-
trix metalloproteinase-2, TNF-o, and TNF ligand super-
family member 1 were determined. Because all
cytokines were highly intercorrelated (mean Pearson
r = SD =.60 = .18), an LPS summary index was calculated
as the standardized sum of all 13 standardized In-
transformed markers. To avoid multiple testing, only
the basal summary index and LPS summary index were
used in the analyses.

ANS assessment was performed using the VU Univer-
sity Ambulatory Monitoring System device, recording
the electrocardiogram and changes in thorax impedance
from 6 electrodes placed on the chest and back for a
period of approximately 2 hours."**® ANS markers
included heart rate and pre-ejection period as markers
of sympathetic activity; and SD of the normal-to-
normal interval and respiratory sinus arrhythmia (RSA)
as markers of parasympathetic activity of the ANS (see
Barakat et al® and Licht et al®' for details).

Adverse Life Events

Adverse life events were assessed at baseline using the
List of Threatening Events Questionnaire.”'® Twelve
recent life stressors, such as death of close friend or
relative or serious financial problems, were assessed at
baseline (events occurring in the year before baseline
assessment) and at 2-year follow-up (events occurring
in the 2 years in between the baseline and this follow-
up assessment). We additionally inquired whether sub-
jects experienced any other adverse life event in the
past year.”® The total number of life events (0-13) were
calculated and used in the analyses.

Covariates

Baseline covariates were selected a priori on the basis
of previous findings of important determinants of bio-
logical stress systems function and chronic pain. A first
set of covariates included sociodemographic characteris-
tics (age, sex, and years of education) and sampling fac-
tors. Older age,'®*? female sex, and less education®”

Biological Stress, Adverse Life Events, and Chronic Pain

have been associated with persistence of chronic pain.
For HPA axis analyses, cortisol sampling factors were
considered including awakening time, working on day
of sampling (yes/no), season (light vs dark month), and
< 6 hours of sleep (yes/no) because they have previously
been reported to determine HPA axis cortisol levels.”® For
the LPS summary index analyses, laboratory site (Amster-
dam, Groningen, Leiden, Heerenveen) was considered to
account for potentially small differences in the assess-
ment of LPS-stimulated inflammatory levels across sites.
For RSA analyses, respiration rate (breaths per minute)
was considered as a covariate because it influences RSA
and vagal tone.”? A second set of covariates comprised
several lifestyle and disease factors, which were selected
on the basis of previous associations with either biolog-
ical stress systems'>*’ or pain.?’ Higher body mass in-
dex,?’ alcohol consumption,® former smoking,*’ lower
physical fitness level,’” and chronic diseases®” were previ-
ously associated with chronic pain. Body mass index was
calculated as body weight in kilograms divided by height
in meters squared. Smoking was categorized as never,
former, or current smoker. Alcohol intake was catego-
rized as nondrinker, mild/moderate drinker, or heavy
drinker.>® Physical activity was assessed using the Interna-
tional Physical Activity Questionnaire and expressed as
one’s resting metabolic rate multiplied by minutes of
physical activity per week.” Total number of chronic dis-
eases (including cardiovascular disease, epilepsy, dia-
betes mellitus, osteoarthritis, stroke, cancer, chronic
lung disease, thyroid disease, liver disease, intestinal dis-
orders, and ulcers) were assessed according to self-
report. Medication use was on the basis of drug
container inspection of all drugs used in the past month
and classified according to the World Health Organiza-
tion Anatomical Therapeutic Chemical (ATC) classifica-
tion.>> In line with our previous work,>" we
considered frequent use (daily or > 50% of the time) of
medication that affects either biological stress systems
or pain.">>? For IMS analyses, anti-inflammatory medica-
tion (ATC codes: MO1A, MO01B, AO07EB, AOQ7EC) was
considered. For ANS analyses, heart medication (B-block-
ing agents [ATC code: C07] and other heart medication
[ATC codes: C01, C02, C03, C04, CO5, C08, CO9]) were
considered. A third set of covariates included lifetime
(current and previous) diagnoses of depressive and/or
anxiety disorders and use of antidepressant medication.
Depression and anxiety have previously been associated
with altered sympathetic and parasympathetic balance,
HPA axis dysregulation, and altered immune function.*?
Pain increases the onset of these disorders.?' In addition,
depression and anxiety might moderate the association
between biological stress systems, such as the HPA axis,
and chronic pain.?® Use of antidepressants might supress
depression, anxiety, and pain.*® Lifetime diagnoses of
depressive disorders (major depressive disorder, dysthy-
mia) and anxiety disorders (panic disorder, agoraphobia,
generalized anxiety disorder, social phobia) were estab-
lished with the Composite International Diagnostic Inter-
view (World Health Organization version 2.1) according
to the Diagnostic and Statistical Manual of Mental
Disorders-Fourth Edition criteria.*> Use of tricyclic
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antidepressants (ATC code: NO6AA), selective serotonin
reuptake inhibitors (ATC code: NO6AB), and other anti-
depressant medications (ATC codes: NO6AF/AG/AX) was
assessed.

Statistical Analyses

Baseline characteristics were compared between sub-
jects with and without improvement of chronic multisite
musculoskeletal pain using independent-samples t-tests
for continuous variables, %2 tests for dichotomous and
categorical variables, and Mann-Whitney U tests for
non-normally distributed variables. Cox regression ana-
lyses were performed to determine the associations be-
tween biological stress systems and adverse life events
at baseline and improvement of chronic multisite muscu-
loskeletal pain over 6 years of follow-up, while adjusting
for confounders in 3 steps: 1) sociodemographic vari-
ables (age, sex, and years of education), cortisol sampling
factors (in HPA axis analyses), laboratory site (in LPS ana-
lyses), and respiration rate (breaths per minute, in RSA
analyses); 2) ‘lifestyle and disease’: body mass index,
smoking, alcohol intake, physical activity, chronic dis-
eases, anti-inflammatory medication (IMS analyses) and
B-blocking agents and heart medication (ANS analyses);
and 3) lifetime depression and/or anxiety and antide-
pressant use. Unique aspects of the Cox approach are
studying time at risk for an event and the censoring of
data at the last recorded follow-up measure if subse-
guent data are missing or if no event occurs. Propor-
tional hazards were verified. Values for evening
cortisol, cortisol suppression ratio, and basal inflamma-
tory markers were In-transformed before analyses to
normalize distributions. Missing data of biological stress
systems were at random (Little Missing Completely At
Random test: P = .45). Life events at 2-year follow-up
were used for sensitivity analyses to test whether they
were further predictive of improvements in chronic
multisite musculoskeletal pain at later follow-up mea-
sures.

A potential moderating effect of life events in the as-
sociation between function of biological stress systems
and improvement of chronic multisite musculoskeletal
pain was examined by adding an interaction term (Bio-
logical marker x Number of life events) to each analysis.
Also, because psychopathology®® and pain intensity at
baseline'® might moderate the association between bio-
logical function and chronic multisite musculoskeletal
pain, interaction terms ([Biological marker x Lifetime
depression and/or anxiety]; [Biological marker x Pain in-
tensity at baseline]) were separately tested and added to
the analyses.

For all statistical tests, a probability level of = 5% was
regarded as significant. To test interactions, this level was
set at = 10%. The statistical calculations were performed
using SPSS 20 for Windows (IBM, Armonk, NY).

Results

Included subjects (n = 665) had lower baseline values
for cortisol suppression ratio (median [IQR] = 2.3
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[1.7-3.0] vs 2.9 [2.1-3.6], P = .02), CRP (median
[IQR] = 1.3 [.6-2.9] vs 1.5 [.9-4.7], P = .05), RSA (mean
[SD] =40.5[21.4] vs 48.0 [33.1], P=.003) and higher total
number of adverse life events (mean [SD] = 1.0 [1.4] vs .7
[1.0], P =.02), but did not differ from excluded subjects
who were lost to follow-up (n = 102) in the other vari-
ables of biological stress systems (P > .05).

Of 665 subjects with chronic multisite musculoskeletal
pain at baseline, 28% (n = 185) still met the criteria for
chronic multisite musculoskeletal pain at all available
follow-up time points. Of the subjects who improved
(n =480, 72%), average time to improvement was 3 years
(46% improved after 2 years, an additional 17% after
4 years, and an additional 9% after 6 years). Subjects
with improvements in chronic multisite musculoskeletal
pain had lower baseline pain scores, were significantly
younger, had more years of education, worked more
often on day of cortisol sampling, and slept more than
subjects with persistence of chronic multisite musculo-
skeletal pain. Moreover, the group with pain improve-
ment had lower body mass index, were more often
moderate alcohol drinkers, were more often physically
active, had less often chronic diseases, used less often
other heart medication, had less often a lifetime depres-
sive or anxiety disorder, had lower values of IL-6, and
higher values of SD of the normal-to-normal interval
and RSA than the persistent group (see Table 1).

Table 2 shows associations between function of the
biological stress systems and improvement of chronic
multisite musculoskeletal pain. None of the HPA axis,
IMS, and ANS variables were associated with improve-
ment of chronic multisite musculoskeletal pain after
adjustment for covariates (all P > .05). Table 3 reports
the association between the total number of adverse
life events and improvement of chronic multisite muscu-
loskeletal pain. Similar to the unadjusted model, this as-
sociation did not appear to be significant after adjusting
for sociodemographic or more extensive sets of covari-
ates (all P> .05).

Additional analyses showed that the number of life
events assessed at 2-year follow-up were not further pre-
dictive of improvement of chronic multisite musculoskel-
etal pain at later follow-up measures (n = 628; fully
adjusted hazard ratio = .96, 95% confidence interval,
.90-1.02, P = .18). Also, no moderating effects of life
events in the association between any of the markers
of the biological stress systems and improvement of
chronic multisite pain were found (all Pinteraction >.10).
Moreover, no evidence was found for moderating effects
of psychopathology and pain intensity at baseline in the
association between biological stress systems and
improvement of chronic multisite musculoskeletal pain
(all P interaction > .10). Additional analyses examining
ashort follow-up period restricted to 2 years also showed
no associations between biological stress systems and life
events with improvement of chronic multisite musculo-
skeletal pain (n = 628; similar hazard ratios and all
P> .30). To test whether our findings were not influenced
by chronic pain severity at baseline, we performed ana-
lyses while adjusting for all covariates including baseline
pain intensity scores and also found similar
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Chronic Multisite Musculoskeletal Pain

Biological Stress, Adverse Life Events, and Chronic Pain
Table 1. Baseline Characteristics* Comparing Subjects With Persistence and With Improvement of

PersisTENCE OF CHRONIC

IMPROVEMENT OF CHRONIC

CHARACTERISTIC Muttisite Pain (v = 185) Murtisite Pain (v = 480) Pt
Pain scores
Pain days 134.8 (61.4) 100.0 (70.2) <.001
Pain intensity 58.3 (15.6) 50.6 (18.0) <.001
Pain disability 48.3(23.1) 35.9 (26.0) <.001
Sociodemographic factors
Age, y 48.4(10.6) 43.8(12.2) <.001
Women, % 78.4 71.2 .06
Education, y 10.8(3.2) 11.6(3.2) .002
Cortisol sampling factors
Time of awakening 7:30 (1:00) 7:30 (0:58) .66
Working on day of sampling, % 57.8 68.5 .009
Sampling in month with more daylight, % 68.1 70.8 .49
=6 h of sleep, % 43.8 31.0 .003
Lifestyle and disease factors
Median body mass index [IQR] 26.0[23.3-29.4] 24.9[22.4-29.0] .03
Smoking, % 31
Never smoker 27.0 26.5
Former smoker 36.2 30.8
Current smoker 36.8 42.7
Alcohol use, % .001
Nondrinker 48.6 35.4
Mild/moderate alcohol drinker 38.4 54.0
Heavy alcohol drinker 13.0 10.6
Median physical activity, 1000 MET min/wk [IQR] 3.3[1.9-5.0] 3.7 [1.5-5.7] .02
Number of chronic diseases 1.4(1.2) 9.9 <.001
Anti-inflammatory medication, % 29.7 25.6 .28
B-Blocking agents, % 124 8.8 15
Other heart medication, % 20.0 13.3 .03
Depression and anxiety factors
Lifetime depressive or anxiety disorder, % 92.4 86.7 .04
Antidepressant medication, % 30.8 30.4 .92
Biological stress systems function
HPA axis
AUCg, nmol/l/h 18.9(6.9) 18.6 (6.5) .70
AUCi, nmol/L/h 2.8(6.4) 2.5(6.1) .69
Evening level, nmol/L, median [IQR] 5.4 [3.4-6.9] 4.7 [3.3-6.6] .25
Median cortisol suppression ratio [IQR] 2.2[1.7-2.9] 2.4[1.7-3.1] .39
IMS
Median basal CRP, mg/L [IQR] 1.4[.68-3.5] 1.3[.57-2.8] .29
Median basal IL-6, pg/mL [IQR] .95 [.60-1.5] .78 [.51-1.2] .03
Median basal TNF-a, pg/mL [IQR] .80 [.60-1.10] .80 [.60-1.0] 14
Basal summary index .11 (.98) —.04(1.0) .10
LPS summary index 15 (.74) —.06(1.1) 11
ANS
Heart rate, beats per minute 71.6 (9.7) 71.9(9.2) 73
Pre-ejection period, msec 120.6 (20.0) 120.8(17.5) .89
SDNN, msec 60.5 (22.4) 66.7 (24.3) .003
RSA, msec 37.3(19.4) 41.7 (22.0) .02
Respiration rate, breaths per minute 17.0(1.2) 17.0(1.1) .81
Total number of adverse life events .69 (.96) .77 (1.06) 37

Abbreviations: MET, resting metabolic rate multiplied by minutes of physical activity per week; SDNN, SD of the normal-to-normal interval.

*Values are mean = SD unless otherwise indicated.

fBased on independent samples t-tests for continuous variables,  tests for dichotomous and categorical variables, and Mann-Whitney U tests for non-normally distrib-

uted variables.

nonsignificant hazard ratios for each predicting variable
(all P> .10). Similarly, adjusting for pain disability or num-
ber of pain days at baseline did not affect our findings.
Following a previous study,’® we additionally tested
whether pain severity at follow-up affected our findings.

However, the inclusion of pain intensity or pain disability
at 2-year follow-up separately as confounders in our fully
adjusted analyses showed similar hazard ratios (analyses
restricted to 2-year follow-up, n = 628; all P > .40).
Approximately 12% of our sample regularly used
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Table 2. Associations*Between Biological Stress Systems Function at Baseline and Improvement of
Chronic Multisite Musculoskeletal Pain Over 6-Year Follow-Up

ImPrOVEMENT OF CHRONIC MuLTISITE PAIN,

CHARACTERISTIC N HazArRD RaTIO Per 1 SD (95% ConriDENCE INTERVAL) P
HPA axis
AUCgt 403
Sociodemographic adjusteds .99 (.88-1.11) .82
Lifestyle and disease adjusted§ 1.00 (.88-1.13) .99
Depression and anxiety adjustedq 1.01(.89-1.14) .90
AUCit 403
Sociodemographic adjusted: 1.00 (.89-1.12) .96
Lifestyle and disease adjusted§ 1.01 (.89-1.14) .89
Depression and anxiety adjustedq 1.01 (.90-1.14) .85
Mean evening levelt 439
Sociodemographic adjusted: .99 (.89-1.11) .91
Lifestyle and disease adjusted§ 1.01 (.89-1.14) 91
Depression and anxiety adjustedq 1.01(.89-1.15) .87
Cortisol suppression ratiof 415
Sociodemographic adjusted 1.00 (.89-1.13) 97
Lifestyle and disease adjusted§ .99 (.89-1.12) .92
Depression and anxiety adjustedq 1.00 (.89-1.12) .97
IMS
CRP|| 650
Sociodemographic adjusteds .99 (.90-1.08) .80
Lifestyle and disease adjusted§ .99 (.89-1.10) .87
Depression and anxiety adjustedq .99 (.89-1.10) .99
IL-6| 649
Sociodemographic adjusted: .99 (.90-1.09) .84
Lifestyle and disease adjusted§ 1.00 (.91-1.10) .99
Depression and anxiety adjustedq 1.00 (.91-1.10) .96
TNF-o|| 647
Sociodemographic adjusted: .98 (.89-1.07) .61
Lifestyle and disease adjusted§ .98 (.89-1.08) .69
Depression and anxiety adjustedq .98 (.89-1.08) .69
Basal summary index|| 643
Sociodemographic adjusted} .97 (.89-1.07) 57
Lifestyle and disease adjusted§ .98 (.88-1.09) 71
Depression and anxiety adjustedq .98 (.89-1.09) 73
LPS summary index||,** 266
Sociodemographic adjusted: .88 (.73-1.05) 16
Lifestyle and disease adjusted§ .88 (.72-1.07) 19
Depression and anxiety adjustedq .86 (.70-1.05) 14
ANS
Heart rateft 641
Sociodemographic adjusted: .99 (.90-1.09) .86
Lifestyle and disease adjusted§ 1.00 (.91-1.10) .96
Depression and anxiety adjustedq .99 (.90-1.10) .88
PEPTT 632
Sociodemographic adjusted: 1.03 (.94-1.13) .56
Lifestyle and disease adjusted§ 1.03 (.94-1.13) .61
Depression and anxiety adjusted€| 1.03(.93-1.14) .57
SDNN++ 641
Sociodemographic adjusteds 1.03 (.94-1.14) 48
Lifestyle and disease adjusted§ 1.03 (.94-1.13) .55

Depression and anxiety adjustedq 1.03 (.94-1.14) .52
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Table 2. Continued

Biological Stress, Adverse Life Events, and Chronic Pain

ImPrOVEMENT OF CHRONIC MULTISITE PAIN,

CHARACTERISTIC N HazArD RaTIO Per 1 SD (95% ConripENCE INTERVAL) P

RSAt, it 641
Sociodemographic adjusted: .99 (.89-1.11) 91
Lifestyle and disease adjusted§ .98 (.88-1.09) .66
Depression and anxiety adjustedq .97 (.87-1.08) 61

Abbreviations: PEP, pre-ejection period; SDNN, SD of the normal-to-normal interval.

*Using Cox regression analyses; hazard ratio per 1 SD increase; In-transformed variables were used for evening cortisol, post-dexamethasone cortisol, and basal inflam-

matory markers.
tAdjusted for sex, age, years of education.
tAdjusted for sex, age, years of education and cortisol sampling factors

**Adjusted for sex, age, years of education and cortisol sampling factors; laboratory site

t1Adjusted for sex, age, years of education and cortisol sampling factors; laboratory site; and respiration rate.

§Additionally adjusted for alcohol intake, smoking, body mass index, number of chronic diseases and physical activity.

IIAdditionally adjusted for alcohol intake, smoking, body mass index, number of chronic diseases and physical activity and use of anti-inflammatory medication.
t1Additionally adjusted for alcohol intake, smoking, body mass index, number of chronic diseases and physical activity and use of anti-inflammatory medication; and

use of B-blocking agents or other heart medication.

YAdditionally adjusted for lifetime diagnoses of depressive and anxiety disorders and use of antidepressants.

benzodiazepines (ATC codes: NO3Ae, NO5BA, NO5CD,
NO5CF). We therefore performed additional analyses
adding this as a confounder to our model. This did not
affect our findings: similar nonsignificant hazard ratios
were found for biological variables and life events with
chronic pain improvement.

Discussion

This longitudinal study showed that improvement of
chronic multisite musculoskeletal pain was neither pre-
dicted by HPA axis, IMS, and ANS functioning, nor by
adverse life events or the interaction between biological
stress system function and life events. Therefore, our
study does not confirm the hypothesis that biological
or psychosocial stress contribute to the maintenance of
chronic pain.*?

Previous cross-sectional studies, including NESDA
studies, did indicate modest associations between biolog-
ical stress systems and chronic multisite musculoskeletal
pain.'®2%3% However, our previous prospective NESDA
study did also show no associations between biological

Table 3. Association* Between Adverse Life
Events at Baseline and Improvement of Chronic
Multisite Musculoskeletal Pain Over 6-Year
Follow-Up (N = 665)

IMPROVEMENT OF
CHronic MuLTisiTe
Pain, HAzArRD RATIO

NumBer oF ApVERSE LiFe EVENTS (95% ConripENCE INTERVAL) P

Sociodemographic adjustedt 1.00 (.93-1.09) .98
Lifestyle and disease adjusted: 1.02 (.93-1.11) 71
Depression and anxiety adjusted§ 1.02 (.93-1.12) .65

*Using Cox regression analyses; hazard ratio per 1 additional life event.
tAdjusted for sex, age, and years of education.

tAdditionally adjusted for alcohol intake, smoking, body mass index, number of
chronic diseases, and physical activity.

§Additionally adjusted for lifetime diagnoses of depressive and anxiety disorders
and use of antidepressants.

stress systems and the onset of chronic multisite
musculoskeletal pain.' Because concurrent but no pro-
spective associations are found between biological stress
systems and the onset or persistence of chronic pain, it ap-
pears that biological alterations do not precede chronic
pain. Instead, biological alterations might be a conse-
guence of chronic pain (eg, by pain acting as a chronic
stressor, or as a result of associated symptoms of chronic
pain such as fatigue, sleep disturbance, depressed mood,
and lower physical activity levels)."”” Another explanation
is that a third factor, such as a genetic factor, induces pain
and biological changes.

This study indicated that also adverse life events did
not predict the course of chronic multisite musculoskel-
etal pain over 6 years. Perhaps life events play a role in
the etiology rather than the persistence of chronic
pain. In agreement with this, our previous study showed
that adverse life events, but not biological stress systems,
were associated with a higher risk of developing chronic
multisite musculoskeletal pain over 6 years." From a
transactional point of view, life events alone will not
affect persistence of chronic multisite musculoskeletal
pain but rather life events in interaction with psychoso-
cial factors such as stress and distress reactions>> that
are also determined by resilience factors. Moreover, atti-
tudes and concerns about illness and health,” avoidance
behavior, and catastrophizing cognitions®* may have an
effect on persistence of chronic pain. These factors were
not examined in our study.

Some other determinants were indicated to be of
importance for improvement of chronic pain. Our
finding that older age and a higher number of chronic
diseases were associated with persistence of chronic
pain concurs with previous research.”'®3’ Other
relevant determinants of persisting chronic pain might
be sociodemographic variables such as female sex and
less education, as indicated by previous research.>?
Also, health characteristics such as obesity,37 physical
fitness,'” and additional physical or psychological symp-
toms®’ have been shown to influence the course of
chronic pain. Whereas poor sleep®” and high levels of
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fatigue®” were previously reported to predict persisting
chronic pain, restorative sleep was reported to predict
the resolution of chronic pain in another study.'® More-
over, high psychological distress and illness behavior
such as medical care-seeking behavior has been shown
to predict chronic pain persistence.®” It is possible that
our findings for biological stress systems were masked
by other variables not assessed in our study (eg, by asso-
ciated symptoms of pain such as fatigue or by genetic
variables). Nevertheless, this longitudinal study
controlled for the effects of a multitude of relevant soci-
odemographic, pain-related, health-related, and psy-
chopathological variables.

The number of subjects with improved chronic multi-
site musculoskeletal pain in our study (46% within
2 years, 63% within 4 years, and 72% within 6 years) ap-
pears relatively low compared with other previous
studies (44% within 1 year®>; 65% within 2 years®?).
This lower rate of improvement may be explained by dif-
ferences in measurement of pain or by a rather high rate
of psychological distress®® in our study because of the
NESDA design. Nevertheless, we tested whether psycho-
pathology influenced our findings, as a potential
confounder and moderator, and this was not the case.

There are several methodological considerations in
our study related to the assessment of biological vari-
ables and pain. First, we assessed biological variables in
1 day, whereas HPA axis, ANS, and IMS functioning fluc-
tuates from day to day. Second, data were partially
missing for LPS-stimulated inflammation and for HPA
axis markers. Persons with missing data on LPS-
stimulated inflammation did not differ in basal inflam-
matory levels and chronic pain from those with LPS
data.'® However, missing data may be slightly differen-
tial for HPA axis markers because our subjects collected
salivary samples at home.?® A pilot test has been per-
formed to rule out noncompliance with dexamethasone
ingestion (see Vreeburg et al*’*%). Also, additional
missing value analyses showed that all biological data
in our sample were indicated to be missing at random.
Third, our study did not assess biological function at
follow-up. Future studies could elucidate whether
changes in biological function over time rather than
baseline function determine improvements in chronic
pain. Fourth, pain may fluctuate and we assessed pain
in the 6 months before the follow-up visits, suggesting
that some persons might have been misclassified. Fifth,
our study did not measure type of pain, and therefore
cannot entirely exclude that some of our findings may

References

1. Adler GK, Geenen R: Hypothalamic-pituitary-adrenal and
autonomic nervous system functioning in fibromyalgia.
Rheum Dis Clin North Am 31:187-202, xi, 2005

2. Ainsworth BE, Bassett DR Jr, Strath SJ, Swartz AM,
O'Brien WL, Thompson RW, Jones DA, Macera CA,
Kimsey CD: Comparison of three methods for measuring
the time spent in physical activity. Med Sci Sports Exerc 32:
S457-5464, 2000

The Journal of Pain 163

not hold for specific types of pain. For example, distinct
brain alterations have previously been reported for
neuropathic pain, compared with inflammatory pain
conditions.**®* A final consideration concerns the
selection of our primary outcome. We examined
improvement of chronic multisite musculoskeletal pain
in this study to best profit from the survival data and
the large sample size. We were able to study time at
risk for an event (ie, improvement) and to censor data
at the last recorded follow-up measure if subsequent
data were missing or if no event occurred. Also, the
Cox regression approach allows inclusion of multiple
follow-up time points rather than 1 follow-up time
point, as was done in previous studies.”**’ Our
approach may thus decrease the chance of
misclassification of subjects. Nevertheless, reduction of
symptoms rather than passing a cutoff criterion of
chronic multi-site pain may yield somewhat different
results. Our classification of chronic multisite
musculoskeletal pain was pain in the extremities, the
back, and the neck, whereas most previous studies
assessed chronic widespread pain (pain in all 4 body
quadrants).”’ However, setting broader parameters in
studying mechanisms underlying chronic pain might be
useful because multisite musculoskeletal pain without
meeting the widespread criteria is also associated with
severe disability, high pain intensity, and significant psy-
chological distress."’ Nonetheless, this study has many
strong aspects such as the longitudinal design, the large
sample size, and the assessment of a wide range of bio-
logical markers in relation to chronic pain improvements
while adjusting for a large number of covariates. Thus, if
dysfunction of biological stress systems would play an
important role in the persistence of chronic pain, we
should have been able to show this, especially because
our cross-sectional findings did indicate biological alter-
ations in chronic multisite musculoskeletal pain.'®2°

Conclusions

This longitudinal study showed that neither HPA axis,
immune, and autonomic function nor adverse life events
affect the course of chronic multisite musculoskeletal
pain.

Supplementary Data

Supplementary data related to this article can be found
online at http://dx.doi.org/10.1016/j.jpain.2016.10.010.

3. Anderberg UM, Marteinsdottir 1, Theorell T, von
Knorring L: The impact of life events in female patients
with fibromyalgia and in female healthy controls. Eur Psy-
chiatry 15:295-301, 2000

4. Apkarian AV, Baliki MN, Geha PY: Towards a theory of
chronic pain. Prog Neurobiol 87:81-97, 2009

5. Barakat A, Vogelzangs N, Licht CM, Geenen R,
Macfarlane GJ, de Geus EJ, Smit JH, Penninx BW, Dekker J:
Dysregulation of the autonomic nervous system and its asso-
ciation with the presence and intensity of chronic


http://dx.doi.org/10.1016/j.jpain.2016.10.010
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref1
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref1
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref1
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref2
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref2
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref2
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref2
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref2
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref3
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref3
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref3
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref3
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref4
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref4
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref5
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref5
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref5
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref5

164 The Journal of Pain

widespread pain. Arthritis Care Res (Hoboken) 64:

1209-1216, 2012

6. Beasly MJ, Macfarlane TV, Macfarlane GJ: Is alcohol con-
sumption related to likelihood of reporting chronic wide-
spread pain in people with stable consumption? Results
from UK Biobank. Pain 157:2552-2560, 2016

7. Bergman S, Herrstrom P, Hogstrom K, Petersson IF,
Svensson B, Jacobsson LT: Chronic musculoskeletal pain,
prevalence rates, and sociodemographic associations in a
Swedish population study. J Rheumatol 28:1369-1377, 2001

8. Bijl RV, van ZG, Ravelli A, de Rijk C, Langendoen Y: The
Netherlands Mental Health Survey and Incidence Study
(NEMESIS): Objectives and design. Soc Psychiatry Psychiatr
Epidemiol 33:581-586, 1998

9. Brugha T, Bebbington P, Tennant C, Hurry J: The List of
Threatening Experiences: A subset of 12 life event categories
with considerable long-term contextual threat. Psychol Med
15:189-194, 1985

10. Brugha TS, Cragg D: The List of Threatening Experiences:
The reliability and validity of a brief life events question-
naire. Acta Psychiatr Scand 82:77-81, 1990

11. CarnesD, ParsonsS, Ashby D, Breen A, Foster NE, Pincus T,
Vogel S, Underwood M: Chronic musculoskeletal pain rarely
presents in a single body site: Results from a UK population
study. Rheumatology (Oxford) 46:1168-1170, 2007

12. Cohen H, Neumann L, Shore M, Amir M, Cassuto Y,
Buskila D: Autonomic dysfunction in patients with fibromy-
algia: Application of power spectral analysis of heart rate
variability. Semin Arthritis Rheum 29:217-227, 2000

13. Davies KA, Macfarlane GJ, Nicholl BI, Dickens C,
Morriss R, Ray D, McBeth J: Restorative sleep predicts the res-
olution of chronic widespread pain: results from the EPI-
FUND study. Rheumatology (Oxford) 47:1809-1813, 2008

14. de Geus EJ, Willemsen GH, Klaver CH, van Doornen LJ:
Ambulatory measurement of respiratory sinus arrhythmia
and respiration rate. Biol Psychol 41:205-227, 1995

15. Dworkin RH, O’Connor AB, Audette J, Baron R,
Gourlay GK, Haanpaa MJ, Kent JL, Krane EJ, LeBel AA,
Levy RM, Mackey SC, Mayer J, Miaskowski C, Raja SN,
Rice AS, Schmader KE, Stacey B, Stanos S, Treede R,
Turk DC, Walco GA, Wells CD: Recommendations for the
pharmacological management of neuropathic pain: An
overview and literature update. Mayo Clin Proc 85(Suppl
3):53-514, 2010

16. Elliott AM, Smith BH, Hannaford PC, Smith WC,
Chambers WA: The course of chronic pain in the community:
Results of a 4-year follow-up study. Pain 99:299-307, 2002

17. Geenen R, Bijlsma JW: Deviations in the endocrine sys-
tem and brain of patients with fibromyalgia: Cause or conse-
quence of pain and associated features? Ann N Y Acad Sci
1193:98-110, 2010

18. Generaal E, Vogelzangs N, Macfarlane GJ, Geenen R,
Smit JH, Dekker J, Penninx BW: Basal inflammation and
innate immune response in chronic multisite musculoskel-
etal pain. Pain 155:1605-1612, 2014

19. Generaal E, Vogelzangs N, Macfarlane GJ, Geenen R,
Smit JH, de Geus EJ, Penninx BW, Dekker J: Biological stress
systems, adverse life events and the onset of chronic multi-
site musculoskeletal pain: A 6-year cohort study. Ann Rheum
Dis 75:847-854, 2016

Biological Stress, Adverse Life Events, and Chronic Pain

20. Generaal E, Vogelzangs N, Macfarlane GJ, Geenen R,
Smit JH, Penninx BW, Dekker J: Reduced hypothalamic-
pituitary-adrenal axis activity in chronic multi-site musculo-
skeletal pain: Partly masked by depressive and anxiety disor-
ders. BMC Musculoskelet Disord 15:227, 2014

21. Gerrits MM, Oppen PV, van Marwijk HW, Penninx BW,
van der Horst HE: Pain and the onset of depressive and anx-
iety disorders. Pain 155:53-59, 2014

22. Grossman P, Kollai M: Respiratory sinus arrhythmia, car-
diac vagal tone, and respiration: Within- and between-
individual relations. Psychophysiology 30:486-495, 1993

23. Gupta A, Silman AJ: Psychological stress and fibromyal-
gia: A review of the evidence suggesting a neuroendocrine
link. Arthritis Res Ther 6:98-106, 2004

24. Gupta A, Silman AJ, Ray D, Morriss R, Dickens C,
Macfarlane GJ, Chiu YH, Nicholl B, McBeth J: The role of psy-
chosocial factors in predicting the onset of chronic wide-
spread pain: results from a prospective population-based
study. Rheumatology (Oxford) 46:666-671, 2007

25. Jones GT, Power C, Macfarlane GJ: Adverse events in
childhood and chronic widespread pain in adult life: Results
from the 1958 British Birth Cohort Study. Pain 143:92-96, 2009

26. Kwok YH, Hutchinson MR, Gentgall MG, Rolan PE:
Increased responsiveness of peripheral blood mononuclear
cells to in vitro TLR 2, 4 and 7 ligand stimulation in chronic
pain patients. PLoS One 7:e44232, 2012

27. Lampe A, Doering S, Rumpold G, Solder E, Krismer M,
Kantner-Rumplmair W, Schubert C, Sollner W: Chronic
pain syndromes and their relation to childhood abuse
and stressful life events. J Psychosom Res 54:361-367,
2003

28. Landman-Peeters KM, Hartman CA, van der Pompe G,
den Boer JA, Minderaa RB, Ormel J: Gender differences in
the relation between social support, problems in parent-
offspring communication, and depression and anxiety. Soc
Sci Med 60:2549-2559, 2005

29. Latremoliere A, Woolf CJ: Central sensitization: A gener-
ator of pain hypersensitivity by central neural plasticity. J
Pain 10:895-926, 2009

30. Leeuw M, Goossens ME, Linton SJ, Crombez G,
Boersma K, Vlaeyen JW: The fear-avoidance model of
musculoskeletal pain: Current state of scientific evidence. J
Behav Med 30:77-94, 2007

31. Licht CM, de Geus EJ, Zitman FG, Hoogendijk WJ,
van DR, Penninx BW: Association between major depressive
disorder and heart rate variability in the Netherlands Study
of Depression and Anxiety (NESDA). Arch Gen Psychiatry 65:
1358-1367, 2008

32. Macfarlane GJ, Thomas E, Papageorgiou AC, Schollum J,
Croft PR, Silman AJ: The natural history of chronic pain in the
community: A better prognosis than in the clinic? JRheuma-
tol 23:1617-1620, 1996

33. MaleticV, Raison CL: Neurobiology of depression, fibro-
myalgia and neuropathic pain. Front Biosci 14:5291-5338,
2009

34. McBeth J, Chiu YH, Silman AJ, Ray D, Morriss R,
Dickens C, Gupta A, Macfarlane GJ: Hypothalamic-pitui-
tary-adrenal stress axis function and the relationship with
chronic widespread pain and its antecedents. Arthritis Res
Ther 7:R992-R1000, 2005


http://refhub.elsevier.com/S1526-5900(16)30280-2/sref5
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref5
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref6
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref6
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref6
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref6
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref7
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref7
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref7
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref7
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref8
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref8
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref8
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref8
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref9
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref9
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref9
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref9
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref10
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref10
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref10
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref11
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref11
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref11
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref11
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref12
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref12
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref12
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref12
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref13
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref13
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref13
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref13
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref14
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref14
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref14
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref15
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref15
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref15
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref15
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref15
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref15
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref15
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref15
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref15
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref16
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref16
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref16
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref17
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref17
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref17
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref17
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref18
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref18
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref18
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref18
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref19
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref19
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref19
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref19
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref19
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref20
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref20
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref20
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref20
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref20
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref21
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref21
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref21
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref22
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref22
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref22
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref23
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref23
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref23
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref24
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref24
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref24
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref24
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref24
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref25
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref25
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref25
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref26
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref26
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref26
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref26
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref27
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref27
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref27
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref27
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref28
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref28
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref28
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref28
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref28
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref29
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref29
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref29
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref30
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref30
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref30
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref30
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref31
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref31
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref31
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref31
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref31
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref32
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref32
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref32
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref32
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref33
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref33
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref34
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref34
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref34
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref34
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref34

Generaal et al

35. McBeth J, Macfarlane GJ, Hunt IM, Silman AJ: Risk fac-
tors for persistent chronic widespread pain: A community-
based study. Rheumatology (Oxford) 40:95-101, 2001

36. McBeth J, Silman AJ, Gupta A, Chiu YH, Ray D, Morriss R,
Dickens C, King Y, Macfarlane GJ: Moderation of psychoso-
cial risk factors through dysfunction of the hypothalamic-
pituitary-adrenal stress axis in the onset of chronic wide-
spread musculoskeletal pain: Findings of a population-
based prospective cohort study. Arthritis Rheum 56:
360-371, 2007

37. Mundal |, Grawe RW, Bjorngaard JH, Linaker OM,
Fors EA: Prevalence and long-term predictors of persistent
chronic widespread pain in the general population in an
11-year prospective study: The HUNT study. BMC Musculos-
kelet Disord 15:213, 2014

38. Mutso AA, Radzicki D, Baliki MN, Huang L, Banisadr G,
Centeno MV, Radulovic J, Martina M, Miller RJ,
Apkarian AV: Abnormalities in hippocampal functioning
with persistent pain. J Neurosci 32:5747-5756, 2012

39. Penninx BW, Beekman AT, Smit JH, Zitman FG,
Nolen WA, Spinhoven P, Cuijpers P, de Jong PJ, van
Marwijk HW, Assendelft WJ, van der Meer K, Verhaak P,
Wensing M, De Graaf R, Hoogendijk WJ, Ormel J, van
Dyck R: The Netherlands Study of Depression and Anxiety
(NESDA): Rationale, objectives and methods. Int J Methods
Psychiatr Res 17:121-140, 2008

40. Pruessner JC, Kirschbaum C, Meinlschmid G,
Hellhammer DH: Two formulas for computation of the
area under the curve represent measures of total hormone
concentration versus time-dependent change. Psychoneur-
oendocrinology 28:916-931, 2003

41. RajSR, Brouillard D, Simpson CS, Hopman WM, Abdollah H:
Dysautonomia among patients with fibromyalgia: A noninva-
sive assessment. J Rheumatol 27:2660-2665, 2000

42. Robins LN, Wing J, Wittchen HU, Helzer JE, Babor TF,
Burke J, Farmer A, Jablenski A, Pickens R, Regier DA: The
Composite International Diagnostic Interview. An epidemi-
ologic instrument suitable for use in conjunction with
different diagnostic systems and in different cultures. Arch
Gen Psychiatry 45:1069-1077, 1988

43. Spinhoven P, Elzinga BM, Hovens JG, Roelofs K,
Zitman FG, van OP, Penninx BW: The specificity of childhood
adversities and negative life events across the life span to

The Journal of Pain 165

anxiety and depressive disorders. J Affect Disord 126:
103-112, 2010

44. Tak LM, Cleare AJ, Ormel J, Manoharan A, Kok IC,
Wessely S, Rosmalen JG: Meta-analysis and meta-regression
of hypothalamic-pituitary-adrenal axis activity in functional
somatic disorders. Biol Psychol 87:183-194, 2011

45. Von Korff M: Epidemiologic and Survey Methods:
Chronic Pain Assessment. In: Turk DC, Melzack R (eds): Hand-
book of Pain Assessment, 2nd ed. New York, Guilford Press,
2001, pp 603-618

46. Von Korff M, Ormel J, Keefe FJ, Dworkin SF: Grading the
severity of chronic pain. Pain 50:133-149, 1992

47. Vreeburg SA, Hoogendijk WJ, van PJ, Derijk RH,
Verhagen JC, van DR, Smit JH, Zitman FG, Penninx BW: Major
depressive disorder and hypothalamic-pituitary-adrenal axis
activity: Results from a large cohort study. Arch Gen Psychi-
atry 66:617-626, 2009

48. Vreeburg SA, Kruijtzer BP, van PJ, van DR, DeRijk RH,
Hoogendijk WJ, Smit JH, Zitman FG, Penninx BW: Associa-
tions between sociodemographic, sampling and health fac-
tors and various salivary cortisol indicators in a large sample
without psychopathology. Psychoneuroendocrinology 34:
1109-1120, 2009

49. Willemsen GH, de Geus EJ, Klaver CH, van Doornen LJ,
Carroll D: Ambulatory monitoring of the impedance cardio-
gram. Psychophysiology 33:184-193, 1996

50. Wingenfeld K, Wagner D, Schmidt I, Meinlschmidt G,
Hellhammer DH, Heim C: The low-dose dexamethasone
suppression test in fibromyalgia. J Psychosom Res 62:
85-91, 2007

51. Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombardier C,
Goldenberg DL, Tugwell P, Campbell SM, Abeles M, Clark P: The
American College of Rheumatology 1990 Criteria for the Classi-
fication of Fibromyalgia. Report of the Multicenter Criteria
Committee. Arthritis Rheum 33:160-172, 1990

52. World Health Organization Collaborating Center for
Drugs Statistics Methodology. Anatomical Therapeutic
Chemical (ATC) Classification. Available at: http:/www.
whocc.no/atc_ddd_index. Accessed December 5, 2016

53. World Health Organization: The Alcohol Use Disorders
Identification Test: Guidelines for use in primary care.
Geneva, Switzerland, World Health Organization, 2001


http://refhub.elsevier.com/S1526-5900(16)30280-2/sref35
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref35
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref35
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref36
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref36
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref36
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref36
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref36
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref36
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref36
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref37
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref37
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref37
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref37
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref37
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref38
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref38
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref38
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref38
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref39
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref39
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref39
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref39
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref39
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref39
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref39
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref40
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref40
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref40
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref40
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref40
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref41
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref41
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref41
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref42
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref42
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref42
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref42
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref42
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref42
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref43
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref43
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref43
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref43
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref43
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref44
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref44
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref44
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref44
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref45
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref45
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref45
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref45
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref46
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref46
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref47
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref47
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref47
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref47
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref47
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref48
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref48
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref48
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref48
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref48
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref48
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref49
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref49
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref49
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref50
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref50
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref50
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref50
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref51
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref51
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref51
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref51
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref51
http://www.whocc.no/atc_ddd_index
http://www.whocc.no/atc_ddd_index
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref53
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref53
http://refhub.elsevier.com/S1526-5900(16)30280-2/sref53

	Biological Stress Systems, Adverse Life Events, and the Improvement of Chronic Multisite Musculoskeletal Pain Across a 6-Ye ...
	Methods
	Study Design, Data Collection Procedures, and Study Sample
	Improvement of Chronic Multisite Musculoskeletal Pain
	Biological Stress Systems
	Adverse Life Events
	Covariates
	Statistical Analyses

	Results
	Discussion
	Conclusions
	Supplementary Data
	References


