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Introduction: Pain, distress, and activities of daily living impact the lives

of those with chronic pain. This study investigated distress (depressive

symptoms, anxiety) on the relationship between pain (intensity and pain

interference) and activities of daily living in individuals with fibromyalgia while

controlling for age.

Methods: The current cross-sectional investigation focused on data from

123 men and women with fibromyalgia. Pain intensity, pain interference

and anxiety were measured on 0-10 Likert type scales from the National

Fibromyalgia Assessment Questionnaire. Depressive symptoms were assessed

using the Beck Depression Inventory II. Activities of daily living (basic,

instrumental) were measured with the Physical Activity Inventory Scale.

Results: It was hypothesized that the relationships between pain intensity and

pain interference and activities of daily living in individuals with fibromyalgia

would be mediated by the construct of distress while controlling for age.

Mediation significantly occurred in both models as predicted. However, those

who were older reported lower levels of pain intensity and distress than

their younger counterparts, which may be related to time since diagnosis or

other factors.

Discussion: Results of this study suggest that individuals with chronic pain

conditions would benefit from treatment options which address distress,

specifically depressive symptoms and anxiety.

KEYWORDS

depression, fibromyalgia, anxiety, chronic pain, mediation, distress, activities of
distress
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Introduction

Fibromyalgia (FM) is a chronic widespread pain condition,
affecting approximately 2.7% of the worldwide population and
1.75% of the American population, with the prevalence rising
with age (1–5). While FM studies tend to recruit older women
as participants, FM can affect anyone around the world at any
age range, of any gender (6). FM is characterized by chronic
pain and fatigue, which impact the cognitive abilities, physical
abilities, and mood state of those affected (7).

In addition, typical comorbidities include chronic fatigue
syndrome, irritable bowel syndrome, and post-traumatic stress
disorder, to name a few (2, 8). Often called the invisible disease,
there is no outward manifestation of the syndrome (9). This
lack of visible evidence of a chronic and debilitating illness
can make doctors, friends, family, and even patients themselves
doubt their own diagnosis and become discouraged during the
diagnostic process (10). One way to improve this is education
and understanding of the syndrome, and to be able to relate it to
other conditions like chronic fatigue syndrome or long COVID.
Letting folks know they are not alone, and that we are still
working on understanding FM and its treatments is essential.

Symptom clusters

Symptom clusters are defined as groupings of symptoms
often felt by people with FM, relatively independent of other
symptoms (11–13). These include anxiety, depression, fatigue,
pain, and stiffness in the morning, among others. Symptom
clusters are interesting because they show variability within the
FM population. Some commonly named symptom clusters in
FM include labels such as somatic, distress, fibromyalgia core,
dyscognition, and sleep problems (13). Of particular interest is
the symptom cluster that encompasses anxiety and depression,
labeled distress.

Distress is important because it combines two of the most
common comorbid emotional conditions with FM: anxiety
and depression. Depression is well studied in individuals
with FM, with some suggesting that FM and depression are
both representations of affective spectrum disorder (14). The
prevalence of patients with FM also experiencing a depressive
episode is 20–86%, with depression increasing the risk of
developing FM and vice versa (15, 16). Depression can lead
to various emotional and physical problems and can decrease
one’s ability to function at work or at home (17). Older adults
who suffer from depression can experience severe consequences
including an increased risk of suicide, increased burden of
physical illness, and higher functional impairment (18).

If the depressive symptoms of FM are treated, the physical
symptoms of pain and inflammation will often subside (7).
Andrade et al. also pointed out that the reverse is true.
Additionally, major depressive disorder seems to be equally

predicted by either familial major depressive disorder or by
a family history of FM (14). Moreover, depression can also
be a barrier to seeking treatment in individuals with chronic
pain (19).

The other aspect of distress, anxiety, affects up to one-third
of patients with FM (20). It has been found that anxiety affects
perception of pain and somatization of symptoms in people
with FM (21). FM patients with higher levels of anxiety also
report higher pain intensity and pain interference than those
with lower levels of anxiety (22). Further, levels of anxiety and
depression are higher in individuals with FM when compared
to healthy controls, and this distress increases with age (23).
In short, anxiety and depression, representing the construct of
distress, are important to include when studying FM.

FM is a chronic pain syndrome of unknown etiology, and
treating one symptom may relieve others. To understand FM
more thoroughly, the following sections explore the relationship
between pain, distress (depression and anxiety), and activities of
daily living (ADLs).

Pain and activities of daily living in
fibromyalgia

Pain has been shown to influence ADLs in individuals with
FM, which can best be seen in the ability to accomplish goals
and participate in activities for those affected. Pain from FM is
pervasive, affecting people’s sexuality, cognitive functioning, and
ability to take care of very basic needs through ADLs (24–26).

The relationship between pain and ADLs is negative, strong,
and bidirectional in those with FM, such that as pain increases,
the ability to perform ADLs decreases (27). In Dailey et al. (28)
study on pain and perceived physical functioning in individuals
with FM, researchers found that pain significantly predicted
perceived physical functioning. Those with higher pain scores
had lower perceived physical functioning (28).

Pain and distress in fibromyalgia

Woo (29) addressed depression and anxiety and their
relationships with pain intensity. He stated that anxiety
produces fear and worry and discusses catastrophizing,
hypervigilance, and fear avoidance, and how they all stem
from anxiety and pain (29). Pain is also related to higher
levels of emotional distress and fatigue in individuals with FM
(30). Depression and anxiety add to pain because they may
increase the likelihood of social isolation and kinesophobia, or
the fear of movement due to pain (31, 32). Additionally, the
pathophysiology of depression and anxiety may use the same
neurotransmitters that affect pain in the brain (33). Therefore,
this relationship should be investigated further, especially in
individuals with FM.
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Pain intensity and distress in fibromyalgia
Certain antidepressants like SSRIs and SNRIs have been

shown to treat both the painful symptoms of FM as well
as depression (34, 35). This suggests that pain intensity and
depression in individuals with FM have a unique relationship.
There is a bidirectional temporal relationship between FM
symptoms like pain and depression (16). This means that those
with FM are at higher risk of developing depression over time
and those with depression are at higher risk of developing FM
over time. Additionally, those with higher pain scores tend to
have higher levels of depression (28).

Pain intensity is also related to anxiety in individuals with
and without FM. Like depression, anxiety shares the pathway of
pain in the brain. In one study, it was found that FM patients
and their pain have a unique relationship with pain intensity
and anxiety, with FM patients who had higher pain intensity
also having higher anxiety levels (36). In this study, the other
groups that were tested did not share this relationship. There is
also evidence of high levels of anxiety related to FM patients’
heightened perception of pain (21).

Pain interference and distress in fibromyalgia
Pain interference may be defined as the extent to which pain

interferes in the engagement of physical, cognitive, emotional,
and recreational activities, as well as sleep and enjoyment in life
(37). Pain interference is routinely measured in individuals who
are recovering from surgery, a severe injury, or suffering from a
chronic pain condition (38). Specifically, in the FM population,
high levels of pain interference have been tied to lower levels of
anxiety, depression, and lower scores on ADLs scales (39).

Activities of daily living and distress in
fibromyalgia

Distress and its relationship with ADLs in individuals with
chronic pain is important to examine because individuals with
chronic pain are not a homogeneous group. Those with chronic
pain differ in their ability to perform ADLs among themselves
and when compared to the general population (40). Depression
and anxiety negatively affect chronic pain self-management and
only 37% of those with depression and anxiety are receiving
treatment for these conditions (19, 41). Additionally, depression
can influence ADLs and functional abilities in older adults
(42, 43). However, little research has been done on anxiety
and depression, and how together they might influence the
relationship between pain and ADLs in individuals with FM
experiencing distress.

Activities of daily living and depression in
fibromyalgia

For older adults, depression may be one of the strongest risk
factors for needing assistance in one or more basic/instrumental
ADLs in later life, and at least in Norway, depression is being

targeted for preventative purposes in older adults (44). In many
studies, higher levels of depression were associated with lower
levels of perceived physical functioning or ADLs. This can be
seen in Cipher and Clifford (45) paper on depression, perceived
physical functioning, and quality of life in long-term care. Here,
the researchers concluded that depression, pain, and ADLs were
all interrelated and highly important for quality of life for those
in long-term care.

Activities of daily living and anxiety in
fibromyalgia

ADLs and anxiety also have an interesting relationship.
While the majority of the research on ADLs and pain in
the FM population has focused on depression, anxiety also
plays a vital role. For example, Dailey et al. (28) discuss
factors influencing perceived physical functioning in women
with FM. They discovered that fear, depression, anxiety, and
catastrophizing all factor into this relationship. In addition,
Costa et al. (46) state that impaired gait and balance, which are
important to ADLs, are associated with high levels of anxiety,
pain, and depression.

Additionally, anxiety in individuals with FM is associated
with other things that influence ADLs indirectly, like pain
catastrophizing, hypervigilance, and fear avoidance (29). Pain
catastrophizing is defined as dwelling on the worst possible
outcomes (29). Hypervigilance is defined in this setting as
being extremely aware of pain and being unable to distract
oneself from pain-related stimuli (29). Lastly, fear avoidance
is defined here as avoidance of movement or activities based
on fear of pain (kinesophobia) (29). While anxiety has not
been studied extensively in the past in relation to ADLs and
pain in the FM population, constructs stemming from anxiety
(e.g., kinesophobia, hypervigilance, and pain catastrophizing)
have. Higher levels of these constructs have been shown to be
related to higher levels of disability and a decreased ability to be
functionally independent, which is what ADLs measure.

Previous study on pain, activities of
daily living, and depression in
fibromyalgia

One study went into detail on the relationship between
pain, ADLs, and depression. This research, conducted by
Steiner et al. (47), followed 216 participants over a 36-week
period. They measured depression, pain intensity, and perceived
physical function at baseline, 12, 24, and 36 weeks. Using
structural equation modeling, they used longitudinal mediation
to determine whether depression mediated the relationship
between ADLs and pain in individuals with FM over time
[the full list of inclusion/exclusion criteria for this study can
be found in Ang et al. (48)]. They found that depression
was a partial mediator of the relationship between physical
functioning (ADLs) and pain intensity for their sample at all
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four time points, with higher levels of depression being related
to lower levels of ADLs and higher levels of pain. Depression
was a partial mediator in this relationship; that is, pain had
some residual direct effects on ADLs even after depression was
introduced into the model, instead of depression explaining the
relationship entirely (49). Steiner et al. (47) suggest that treating
depression could be a viable option in the pursuit of improving
pain symptoms and ADL abilities for those with FM.

While this is a very important and promising finding for
those with FM who have difficulties in these categories, these
findings can be expanded upon. Steiner et al. (47) did not
include anxiety in their measures, even though anxiety has been
shown to play an important part in the relationship between
pain and ADLs. Steiner et al. (47) also used the Personal Health
Questionnaire Depression Scale (PHD-8) and the pain intensity
portion of the Brief Pain Inventory for pain. It is important
to retest this relationship while using measures specifically
validated for use in older adults with FM to see whether
the relationship still exists. Thus, the current study includes
the Beck Depression Inventory II (BDI-II) for depression and
the PAI for ADLs.

Although Steiner et al. (47) used longitudinal data, they did
not report many longitudinal findings. Instead, they analyzed
the mediation models for each time point cross-sectionally,
while adjusting for each variable’s measure at the previous time
point. The mediation models for each time point indicated that
depression was a significant partial mediator in the relationship
between pain and ADLs. The results also showed that the means
for each variable and the strength of the relationships changed
across assessment points, but the mediating relationship of
depression remained the same. Depression at any time point was
a significant partial mediator of the pain intensity and physical
functioning relationship at that same time point.

Since things like ADL difficulty, distress (anxiety and
depression), and pain persist despite treatment in individuals
with FM who are older, it is important to investigate
the relationships between these variables. Because of these
factors, people with FM have more difficulty with ADLs than
healthy individuals.

Current study

The literature shows associations between pain, ADLs,
and distress; higher levels of pain are associated with lower
levels of functionality, measured through ADLs. It has also
found that higher levels of pain are related to higher
levels of depression and anxiety. Moreover, higher levels
of anxiety and depression are related to lower levels of
functionality, measured through ADLs. Steiner et al. (47)
found that depression partially mediates the relationship
between pain and ADLs; however, distress, which encompasses
both anxiety and depression, should be explored, because

anxiety is important when studying secondary pain effects.
Pain interference should also be investigated, above and
beyond pain intensity.

With a better understanding of the links between the
symptoms of this syndrome and other factors, chronic pain
support groups, physicians, and researchers can offer specialized
help for patients. While treating pain and other symptoms of FM
may be difficult, treating depression and anxiety is possible and
reversible in older adults and in the chronic pain population (42,
50). If there is a mediating relationship between pain, distress,
and ADLs, treating the mood disorders may help with the
physical limitations of FM.

The current study thus focused on the relationship between
pain, distress, and ADLs. The independent variables in this
study revolve around pain, specifically pain intensity and pain
interference; the dependent variable in this study is ADLs and
the mediator is distress. Pain intensity is measured by a 10-
point Likert-type scale (NFAQ). Pain interference is measured
by a 10-point Likert-type scale (NFAQ). ADLs are measured
by the Physical Activity Inventory (PAI) total score. Depressive
symptoms were measured with the Beck Depression Inventory
(II) (BDI-II) total score, and anxiety was measured by a 10-
point Likert-type scale (NFAQ). Distress was calculated from
depressive symptom scores and anxiety scores.

The overarching hypothesis for the first model was:
the mediating variable, distress, would help explain the
relationship between pain intensity and ADLs in individuals
with FM, even after controlling for potential extraneous
variables like age, gender, and income. The overarching
hypothesis for the second model was: the mediating variable,
distress, would help explain the relationship between pain
interference and ADLs in individuals with FM, even after
controlling for age.

Materials and methods

Participants

The data were collected by the Fibromyalgia and Chronic
Pain Center, at California State University, Fullerton, at four
time points: 2008, 2010, 2012, and 2014. Data were collected
from 123 men and women with FM aged 50–85 (M = 59.66,
SD = 7.35). Participants were excluded from parts of the study
if it was physically unsafe for them to participate or they scored
lower than 25 out of 30 on the Mini-Mental screening for
dementia, as the parent study included physical and cognitive
performance measures. For the purposes of this study, only first-
time scores were used. That is, not every participant participated
at every time point, with some participating in 2008, 2010, 2012,
or 2014 for the first time. This study only used the scores of the
participants from their first wave, which means that the year in
which their data were collected may vary.
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Measures

Pain, anxiety, depression, ADLs and demographics were
all measured in this study. Distress was calculated from
anxiety and depression.

Pain intensity
Pain intensity was measured on a 0–10 Likert-type scale

from the National Fibromyalgia Association Questionnaire
(NFAQ) (51). The pain question read, “Please circle the number
that best describes your experience with [pain] ON AVERAGE
during the past week,” with higher numbers indicating higher
pain intensity. The NFAQ itself has been shown to have high
content validity, stability, and high internal consistency with a
Cronbach’s alpha of α = 0.88 (51, 52).

Pain interference
Pain interference was measured on a 0–10 Likert-type

scale from the National Fibromyalgia Association Questionnaire
[NFAQ; (51)]. The pain interference question read, “How much
“bodily pain” have you generally had during the past 4 weeks
(while doing normal ADLs)?,” with higher numbers indicating
more pain interference. The NFAQ itself has been shown to have
high content validity, stability, and high internal consistency
with a Cronbach’s alpha of α = 0.88 (51, 52).

Anxiety
Anxiety was measured on a 0–10 Likert scale pulled from

the NFAQ (51). The anxiety question read, “Please circle the
number that best describes your experience with [anxiety]
ON AVERAGE during the past week,” with higher numbers
indicating more anxiety. As stated above, the NFAQ itself has
been shown to have high content validity, stability, and high
internal consistency with a Cronbach’s alpha of α = 0.88 (51, 52).

Depression
To measure the participants’ depression levels, the BDI-II

was used. The Beck Depression Inventory-II (53) has 21 total
items, and has been validated with both older adults and adults
with FM. Each answer has a 0–3 rating scale, with a total possible
score of 63. The interpretation of depression score is as follows:
(0–13) is minimal; (14–19) is mild; (20–28) is moderate; (29–63)
is severe. This scale has high internal consistency of α = 91 and
high 1-week test-retest reliability r = 0.93 (54).

Distress
Distress was calculated from the anxiety scale and the BDI-

II. As stated above, anxiety is on a Likert-type scale with a
maximum score of 10 and the BDI-II is on a 63-point scale.
To create the variable of distress, the BDI-II total score for
each participant was divided by 6.3 in order for the two scales
to be weighted equally. Then, the sum of the anxiety score
and the modified depression score were divided by 2 for each
participant, resulting in a distress score from 0 to 10.

Activities of daily living
ADLs are measured through the 12-item Physical Ability

Impact Scale (PAI) which was adapted from the longer
Composite Physical Functioning Scale (CPF) (55, 56). This
12-item scale assessed functional limitations and ADLs.
Participants were instructed to indicate their perceived ability
to do certain tasks during the span of a week. Examples of
some of these tasks included “Take care of own personal needs
(e.g., dressing yourself),” “Walk 1 mile (12–14 blocks),” and
“Do light household activities (e.g., cooking, dusting, washing
dishes, sweeping a walkway).” Response scales for each item
ranged from 0 to 4, with 0 being “cannot do at all,” 1 being
“cannot do without help,” 2 being “can do with a lot of
difficulty,” 3 being “can do with some difficulty,” and 4 being
“can do without difficulty.” Higher scores on the PAI indicated
less functional limitation, with a composite score of 44–48
indicating high functioning. The PAI has been shown to have
adequate concurrent validity with the Fibromyalgia Impact
Questionnaire, high internal consistency with a Cronbach’s
alpha of α = 0.93 and a high test-retest reliability (r = 0.98) (52).

Demographics
Baseline age, education, gender, income, and employment

status were all gathered in a demographic worksheet where
participants were asked basic information. These demographic
questions were part of the NFAQ (51).

Procedures

Prior to any data collection, the California State University,
Fullerton Institutional Review Board (CSUF IRB) granted
approval for research with human subjects. This was done
before each wave of data collection, and everyone collecting data
participated in the Collaborative Institutional Training Initiative
(CITI) Program. Informed consent was reviewed on assessment
day with research assistants. Investigators then answered any
participant questions.

Participants were recruited through email, phone calls,
flyers, and word of mouth. Once a person indicated
interest in the study, the Fibromyalgia and Chronic Pain
Center team assessed their eligibility via phone [complete
inclusion/exclusion criteria can be found in Cherry (57)].
Eligible participants were scheduled to come in for one 2–3-h
session California State University, Fullerton. Prior to the
in-person testing date, participants were mailed packets with
informed consent, and various questionnaires. On assessment
day, participants were asked to fill out packets which contained
the BDI-II, the PAI, and the questionnaire containing the pain
scale, demographics, and anxiety scale.

Participants were not financially compensated for their time;
instead, they were invited back for a feedback conference, during
which “report cards” were handed out with details about their
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individual physical/cognitive performance (i.e., the primary
outcomes of the parent study). Resources and workshops were
made available to all participants.

Results

Mediation

To assess the relationships between pain intensity,
pain interference, distress, and ADLs in individuals with
fibromyalgia while controlling for age, two mediation
analyses were conducted.

Assumptions

Assumptions that must be met for mediation analyses are
the same as the general linear model: linearity, normality,
homogeneity of error variance, and independence of errors.
These assumptions were checked in SPSS and no adjustments
were needed prior to testing the mediation model. Missing data
were handled with the linear trend at point method available in
SPSS prior to performing the mediation. This means that the
missing values were replaced with the linear trend for that point,
with the existing series being regressed on a variable scaled 1 to
n. Missing variables were determined to be missing completely
at random (MCAR) prior to replacement.

Software

Mediation analyses were conducted in SPSS version 26
following the method outlined by Hayes (58).

Procedure

Preliminary analyses were conducted to determine which
covariates, in addition to age, would be appropriate for use
in the models. T-tests for gender differences in pain intensity,
pain interference, distress, and ADLs yielded no significant
mean differences in scores between men and women. This
indicates that the analyses could be run with males and females
in the same models. Pain intensity and pain interference were
significantly correlated (r = 0.664, p < 0.01), indicating that it
would be beneficial to run the analyses of pain intensity and
pain interference as two separate mediation models. We refer to
the pain intensity model as Model 1, and the pain interference
model as Model 2.

Demographic characteristics can be found in Tables 1, 2
shows the observed scores for pain intensity, pain interference,
distress, and ADLs. As shown in Tables 3, 4, older participants

TABLE 1 Demographics.

Characteristics N % M SD

Gender

Male 8 6.5

Female 115 93.5

Age (years) 59.66 7.25

Time since diagnosis (years)

<1 yr 4 3.3

1–5 yrs 26 21.3

6–10 yrs 38 31.1

11–15 yrs 28 23.0

16–20 yrs 13 10.7

>20 yrs 13 10.7

Level of education

Some high school 2 1.6

High school or GED 7 5.7

Trade/technical/CC/some college 45 36.6

College degree 32 26

Professional/graduate degree 37 30.1

Ethnicity

Hispanic 14 11.4

White 106 89.1

Black 2 1.7

Asian/Pacific Islander 1 0.8

American Indian 1 0.8

Multiracial 6 5.0

Other 4 3.3

Income (Dollars a year)

<9,000–39,999 36 31.3

40,000–69,999 29 25.3

70,000–99,999 27 23.5

100,000– > 200,000 23 20

Employment status

Retired 31 25.4

Working full time 23 18.9

Working part time 17 13.9

On temporary leave 1 8.0

Looking for work 5 4.1

Permanently disabled 27 22.1

Keeping house 12 9.8

Other 6 4.9

reported less pain intensity and less distress than their younger
counterparts. Additionally, as pain intensity/interference scores
increased for participants, so did distress scores. Lastly, as
pain and distress scores increased for participants, ADL scores
decreased, indicating less functionality for those experiencing
more pain intensity/interference and distress.

It was proposed that pain intensity (x) would be negatively
associated with ADLs (y). It was also proposed that pain
intensity (x) would be positively associated with distress (m),
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TABLE 2 Descriptives observed for pain intensity, pain interference,
distress, ADLs and age, N = 123.

Variable Min Max Mean SD

Pain intensity 0 10 6.195 2.249

Pain interference 2 5 3.593 0.808

BDI-II 0 45 17.950 9.485

Anxiety 0 10 4.768 2.971

Distress 0 8.57 3.809 2.004

ADLs 6 48 34.153 9.260

Pain intensity, pain interference, anxiety, and distress had a possible range of (0–10).
BDI-II had a possible range of (0–63), and ADLs had a possible range of (0–48).

TABLE 3 Correlation matrix for pain intensity, distress, ADLs and age,
N = 123.

Variable 1 2 3 4

1. Pain intensity 1 −0.452** 0.229* −0.213*

2. ADLs 1 −0.348** −0.051

3. Distress 1 −0.203*

4. Age 1

*p < 0.05, **p < 0.01 (two-tailed).

TABLE 4 Correlation matrix for pain interference, distress, ADLs and
age, N = 123.

Variable 1 2 3 4

1. Pain interference 1 −0.519** 0.294** −0.101

2. ADLS 1 −0.348** −0.051

3. Distress 1 −0.203*

4. Age 1

*p < 0.05, **p < 0.01 (two-tailed).

which would be negatively associated with ADLs (y) while
controlling for age (c1). This hypothesis is mirrored in the
second model, with pain interference (x) being negatively
associated with ADLs (y), and distress (m) mediating that
relationship while controlling for age (c1).

Model 1: Pain intensity mediation

In the first model, the proposed mediator, distress (m), was
regressed on pain intensity (x) to produce a. ADLs (y), was
regressed on both distress (m) and pain intensity (x), which
yields both b and c’, respectively, while controlling for age
(c1). The relationship between pain intensity (x) and ADLs
(y), controlling for age (c1), is represented by path c, found
in Figure 1. The paths f1 and g1 represent the relationships
between the covariate age (c1) and distress (m) and ADLs (y),
respectively.

The PROCESS output is summarized in Tables 5, 6, and
graphically represented in Figure 1. As illustrated in these tables
and figures, mediation occurred in this model.

Multiplying a and b yields the indirect effect, ab = 0.174 (-
1.296) = –0.225. A 95% bootstrap confidence interval did not
cross zero. The direct effect was c’ = –1.755. The total effect was
determined by adding the direct and indirect effects together:
c = c’ + ab = –1.755 + –0.225 = –1.980. Since the confidence
interval did not cross zero, and everything is significant, the
model is considered a good fit for the data. The Sobel Test
indicated that mediation did not occur (Test statistic = 1.847,
p = 0.0647), though Hayes (58) states that the Sobel Test may be
too conservative to detect real mediation effects.

Model 2: Pain interference mediation

The second mediation model mirrored the first, replacing
pain intensity with pain interference (x). In Figure 2, the (x) is
pain interference (the independent variable), (y) is ADLs (the
dependent variable). The c path is the correlation between pain
interference and ADLs, controlling for age in individuals with
FM.

The PROCESS output is summarized in Tables 7, 8, and
graphically represented in Figure 2. As with Model 1, mediation
occurred in Model 2, as well.

Multiplying a and b yields the indirect effect, ab = 0.683
(-1.075) = –0.7342. A 95% bootstrap confidence interval was
used and did not cross zero. The direct effect was c’ = –5.268.
The total effect was derived by adding the direct and indirect
effects: c = c’ + ab = –5.268 + –0.7342 = –6.002. This was all
while controlling for age. The confidence intervals did not cross
zero, and everything was significant, suggesting that the model is
considered a good fit for the data. As before, a Sobel Test was also
conducted, which indicated that mediation did not occur (Test
statistic = 1.890, p = 0.0588), though Hayes (58) recommends
the 95% bootstrapped confidence intervals instead be used to
determine model fit and mediation.

Discussion

The results indicate that depression and anxiety (i.e., the
symptom cluster of distress) influence the relationship between
pain intensity, pain interference, and ADLs while controlling
for age in individuals with FM. This adds to the existing
literature by looking at a chronic pain specific sample in Orange
County, California, by including pain interference as well as pain
intensity, and by calculating a distress variable in the analyses
using both anxiety and depression.

The overall mediation models correspond with previous
findings, in that the two aspects of pain and distress are
negatively and significantly related to ADLs, and that age
also plays a part in these relationships. Mediation occurred
in both Model 1 and Model 2. This means that in Model
1, the symptom cluster of distress (anxiety and depression)
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FIGURE 1

Mediation model of pain intensity, distress, ADLs, and age in individuals with FM, as well as the direct effect, indirect effect, and confidence
interval using unstandardized (b) coefficients.

TABLE 5 Model coefficients for the pain intensity, distress, ADLs simple mediation model with covariate of age.

Antecedent Consequent

M (Distress) Y (ADLs)

β b SE p β b SE p

X (pain intensity) a 0.195 0.174 0.080 0.037 C’ −0.426 −1.755 0.331 <0.001

M (distress) − − – − b −0.281 −1.296 0.370 <0.001

C1 (age) f 1 −0.161 −0.045 0.025 0.075 g1 −0.196 −0.253 0.102 0.0147

Constant iM − 5.397 1.673 0.0016 iY − 65.076 7.071 <0.001

R2 = 0.0774 R2 = 0.2958

F(2, 120) = 5.0303, p = 0.0080 F(3, 119) = 16.6596, p < 0.001

mediated the relationship between pain intensity and ADLs,
while controlling for age in a sample of FM individuals.
In Model 2, the symptom cluster of distress (anxiety and
depression) mediated the relationship between pain interference
and ADLs, while controlling for age in a sample of FM
individuals. In other words, depression and anxiety impact the
functionality of those with FM when those afflicted are also
experiencing pain.

These results coincide with previous findings. Steiner
et al. (47) found that depression was a partial mediator of
the relationship between physical functioning (ADLs) and

pain intensity for their sample at all four time points.
In this study, higher levels of depression were related to
lower levels of ADLs and higher levels of pain, suggesting
that treating depression could be a viable option in the
pursuit of improving pain symptoms and ADL abilities
for those with FM.

We retested the mediation relationship that Steiner et al.
(47) found while using measures specifically validated for
use in older adults with FM (i.e., the BDI-II for depression
and the PAI for ADLs) to see whether the relationship still
exists. We also included the important variable of anxiety
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TABLE 6 Mediation effects of distress on the relationship between
pain intensity and ADLs controlling for age, N = 123.

95% CI

Effect β b Lower Upper

Total (c path) −0.481 −1.980 −2.652 −1.309

Direct (c’ path) −0.426 −1.755 −2.409 −1.100

Indirect (mediation, ab path) −0.055 −0.225 −0.483 −0.015

and controlled for age. Our findings coincided with those of
Steiner et al. (47), indicating that emotion or mood should be
treated while attempting to improve physical functioning in
older adults with FM.

Additionally, depression and anxiety, constructs that make
up the symptom cluster of distress, are not normal parts of
aging, although older adults do experience more life stressors
that would cause distress like the loss of loved ones (59). Older
adults are in fact less likely to be diagnosed with generalized
anxiety disorder (GAD) than younger adults, and the rate of
suicide in older adults is declining (18, 60). These factors may
further explain why age was negatively related to the symptom
cluster of distress in the sample.

What is interesting is that the relationships between age and
some of the key variables were in the opposite direction than
what was predicted. Specifically, those who were older were

reporting lower levels of pain intensity and distress than their
younger counterparts. Age had no significant relationships with
ADLs or pain interference. This may be due to another variable
that was not included in this study, such as time since diagnosis,
level of education, or fatigue. These variables were not included
in the a priori analyses due to sample size constraints, although
post hoc analyses were performed.

Post hoc analyses

Time since diagnosis
It can take on average 2.3 years to be diagnosed with FM

after already experiencing years of symptoms, and even more
time and testing to receive proper treatment (20, 61). During
this process, those with FM who are not yet diagnosed are
spending money, time, and energy while battling newfound
and unwelcome symptoms. Delaying treatment and thus
management of symptoms may make interventions less effective
(6, 62, 63).

Post hoc analyses were run to determine whether time
since diagnosis, and anxiety, depression, pain intensity, pain
interference, and ADLs were related, and it was found that
only pain intensity had a positive significant relationship with
time since diagnosis. The relationship was small and positive
while controlling for age. This indicates that those who were

FIGURE 2

Mediation model of pain interference, distress, ADLs, and age in individuals with FM, as well as the direct effect, indirect effect, and confidence
interval using unstandardized (b) coefficients.
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TABLE 7 Model coefficients for the pain interference, distress, ADLs simple mediation model with covariate of age.

Antecedent Consequent

M (Distress) Y (ADLs)

β b SE p β b SE p

X (pain interference) a 0.275 0.683 0.2139 0.008 C’ −0.4598 −5.268 0.906 <0.001

M (distress) − − - − b −0.2326 −1.075 0.371 0.0045

C1 (age) f 1 −0.174 −0.048 0.0240 0.0458 g1 −0.1445 −0.185 0.099 0.0637

Constant iM − 4.2379 1.6997 0.014 iY − 68.233 7.086 <0.001

R2 = 0.1161 R2 = 0.3218

F(2, 120) = 7.8783, p = 0.0006 F(3, 119) = 18.8225, p < 0.001

diagnosed some time ago have higher pain intensity than those
who were diagnosed more recently, regardless of age.

Level of education
Level of education is also important to examine when

studying FM (50, 52). Post hoc analyses were performed to
determine whether level of education, and anxiety, depression,
pain interference, pain intensity, and ADLs were related. Similar
to time since diagnosis, level of education was only significantly
related to pain intensity, but in a small, negative way while
controlling for age. That is, those with higher levels of education
such as college and beyond reported lower levels of pain
intensity than those with lower levels of education.

Fatigue
Fatigue is another important variable that was not included

in the original analyses due to lack of power (50, 52). Post
hoc analyses were also performed to determine whether fatigue,
and anxiety, depression, pain interference, pain intensity, and
ADLs were related. It was found that fatigue was significantly
positively related to anxiety, depression, pain interference, and
pain intensity while controlling for age. Additionally, fatigue
was significantly negatively related to ADLs while controlling
for age. That is, regardless of age, the higher levels of fatigue
an individual with FM experiences, the higher their anxiety,
depression, pain interference, and pain intensity. Additionally,
if their fatigue levels are lower, they are more able to perform
ADLs. Results indicate that it might be beneficial to include the
above variables when researching this topic in the future.

Limitations

The limitations of this study include sample size and limited
generalizability. The sample only included first time participants
from 2008 to 2014, and only those who had FM. This means
that the sample was N = 123, and unfortunately too small to
include variables like time since diagnosis, level of education,
and fatigue in the model. Also, the sample was primarily white,
female, and most had an income higher than $50,000 per year.

TABLE 8 Mediation effects of distress on the relationship between
pain interference and ADLs controlling for age, N = 123.

95% CI

Effect β b Lower Upper

Total (c path) −0.524 −6.002 −7.7763 −4.2281

Direct (c’ path) −0.460 −5.268 −7.0617 −3.4745

Indirect (mediation, ab path) −0.064 −0.7342 −1.4627 −0.1841

The participants’ demographic makeup makes it difficult to
generalize to the greater population. At CSUF, we are fortunate
to have access to the Osher Lifelong Learning Institute (OLLI)
on campus, where older adult participants may be recruited
for studies. That does mean that portions of this sample may
have a higher education relative to same-aged peers, and they
may be more physically, mentally, and socially active. This
was not controlled for in this study due to power constraints,
but should be controlled for in future studies. Additionally,
anxiety, pain intensity, and pain interference were only assessed
with one question, though the items have been validated
using FM samples.

Future directions

Future investigations should use a larger sample size and
compare those with FM against those without FM, to see if
the relationships with key variables and age would remain the
same. Additionally, due to the small sample size, the results
could not confirm the relationship between certain variables
due to lack of power. Specifically, time since diagnosis, level
of education, and fatigue were not used in these models when
theoretically they may have added to our understanding of the
relationship between pain intensity, pain interference, distress,
and ADLs (50, 52). In the future we would like to utilize a
smaller, less intensive study that uses these variables specifically
in an online survey, allowing for a larger sample size. There
would be fewer in-depth measures, but we would capture more
responses on specific variables. We would also like to look at
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distress, education, comorbidities, and antidepressants while
considering ADLs and age.

Clinical implications

One recommendation that might come from this research is
that depression and anxiety should be examined when it seems
like pain is interfering with ADLs, especially in older adults
with FM. The practical implications of these findings are that
in clinical practice as well as in treatment centers for chronic
pain, distress must be addressed for older adults with FM to
maintain optimal functionality. Either prior to or in tandem
with a prescription for the FDA approved medications for FM,
doctors should also assess anxiety and depression, and then look
into treating those with high levels of these affective disorders. If
the goal of health professionals is to improve functionality in the
FM population, distress must be addressed in addition to pain
and the other symptoms of FM.

Treatment
On the topic of treating pain, in a chronic pain condition

like FM, many treatment modalities are used. As seen in
Table 9, these include therapeutic or psychological treatments,
as well as medical interventions. However, not all treatments
are effective for all types of pain. Sturgeon (64) suggests
that psychological treatments for chronic pain differ in
efficacy because they also vary in breadth, duration, and
type. Some psychological therapies used to treat chronic
pain conditions like FM include: operant-behavioral therapy,
cognitive-behavioral therapy (CBT), mindfulness-based therapy
and, most recently, acceptance and commitment therapy.
Additionally, those with pain are not homogeneous, and we
do need specific treatments for specific groups and for those
who have different scores in different symptom clusters (11).
Accordingly, psychological therapy is used to help treat chronic
pain conditions and should be suggested to older adults with FM
who are exhibiting symptoms of the cluster distress in addition
to medical interventions.

As Okifuji and Hare (65) point out, the treatment of FM
and its comorbid conditions usually includes a combination of
medication, therapy and exercise. Common medications used to
treat FM are pregabalin, duloxetine, and milnacipran (65, 66).
Pregabalin was approved by the Food and Drug Administration
(FDA) in 2007 and is a γ-aminobutyric acid (GABA) analog
and antiepileptic agent. Duloxetine was approved by the FDA
in 2008 and milnacipran was approved by the FDA in 2009.
Both duloxetine and milnacipran are serotonin-norepinephrine
reuptake inhibitors (SNRIs).

In addition to the treatments described above, there
are numerous over the counter medications, off brand
medications, and alternative therapies that have shown promise
in alleviating symptoms of fibromyalgia and its comorbidities.
This brief list is not comprehensive, but treatments of note
are the Transcutaneous Electrical Nerve Stimulation unit,

antihistamines, and low dose naltrexone (67–70). While there
are theories as to the nature of FM, the underlying cause is still
largely unknown, so treatment of the symptoms and comorbid
conditions is key (71, 72).

Furthermore, Margolis et al. (73) studied resource utilization
in FM (N = 64,038) and found that 18.7% used SNRIs like
duloxetine and milnacipran, 27.4% used antiepileptic drugs
like pregabalin, and the most commonly used drugs were
opioids at 44.3%. Dussias et al. (74) reported that the most
frequently prescribed pharmacological treatment for FM was
antidepressants (46%).

In a study of 240,144 patients, only 31% (n = 74,738) were
on a prescription medication in line with the ACR guidelines
for FM. They also found that discontinuation, switching,
and addition of new pain medications were common, which
may indicate dissatisfaction with the initial treatment they
were receiving. While on medication, FM patients still report

TABLE 9 Management of FM/chronic pain.

Studies Type of
article

Focus Outcomes

(78) Systematic
review/Meta-
analysis in
chronic
widespread pain

Self-management RCTs
including exercise and a
psychological component

Some evidence for better
physical function and
less pain after treatment
at 3 and 6 months.

(6) Review of
fibromyalgia and
potential
treatment
options

What is and isn’t know
about FM and treatment

Recommend
psychosocial treatment
with a combination of
physical exercise and
non-pharmacological
therapies

(88) Review of
fibromyalgia and
potential
treatment
options

What is and isn’t know
about FM and treatment

Recommend
multidisciplinary
management of
symptoms as well as
medication.

(89) Review of
fibromyalgia and
potential
treatment
options

Pharmacological
treatments
Psychosocial treatments:
Acupuncture, electric
stimulation,
vibroacoustic and
rhythmic sensory
stimulation, hyperbaric,
laser therapy,
phototherapy, exercise,
and massage, probiotics
therapy, plant extracts

Pharmacologic and
alternative therapies best.

(70) Meta-analysis of
fibromyalgia and
trans-magnetic
stimulation
(TMS)

Evaluating TMS as a
diagnostic criterion for
FM as well as for a
treatment option.

Evidence for unbalanced
inhibitory-excitatory
regulation in motor
cortex.
Inhibitory dysfunction
may be moderated by
exercise, certain
medications, and
electrical
brain-stimulation,
resulting in less pain.
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pain, stiffness, fatigue, sleep problems and a myriad of other
symptoms that medications do not completely treat, and so
many patients look toward therapy and exercise to fill the
gaps (6, 75, 76). Illustrating this lack of efficacy (limited pain
relief and a number of side effects), in Germany there has
been a big push away from pharmaceuticals and toward non-
pharmacologic treatments of FM in recent years (6).

Non-pharmacological therapies used to treat FM and similar
chronic pain conditions include CBT, emotional awareness
and expression therapy, acceptance and commitment therapy,
mind-body therapies (MBT), lifestyle, and medical education
(77–80). It is recommended that any type of therapy be
accompanied by exercise for FM patients, since exercise seems to
help most FM symptoms and has the fewest side effects (81, 82).
The most recommended exercise for FM treatment is aerobic
exercise, while the least recommended treatment is resistance,
but nearly any type of exercise has been shown to help treat
FM symptoms (83, 84). Activities like yoga, tai chi, and strength
training have also been shown to improve FM symptoms,
although it can be particularly difficult for people with FM to
adhere to an exercise regimen because initially, exercise can
make the pain worse (85, 86). Recent studies have explored
trans-magnetic stimulation as a possible treatment option for
FM as well (70). As with any chronic pain condition, while the
comorbid conditions and symptoms of FM can be managed to
some extent, even with pharmaceutical and non-pharmacologic
treatment, the detrimental effects of the syndrome may persist
(87). This is why screening for and treating distress in older
adults with FM is essential. Treating mood may help treat
the other symptoms.

Conclusion

This research was important because depression and anxiety
measures are not yet being used when examining individuals
with FM who are older, and they should be a part of intake
at appointments in order to get a more expansive picture of
the issue at hand, and to help those with FM develop a more
comprehensive treatment plan more quickly.

Drugs and other pharmaceuticals often are ineffective
and under-prescribed for the majority of individuals with
FM. Of those who are finally receiving treatment and taking
medications, after potentially years of attempting to receive
a diagnosis, the adherence rate is low. Those who have a
longer time since diagnosis seem to be managing their pain less
effectively, which could affect their ADLs and distress scores.
Other treatment modalities and further research are therefore
imperative, and may be even more important than ever in the
wake of the pandemic. There is a rise in myalgic conditions like
FM, specifically Long COVID, and those affected by this are
having a strikingly similar experience to those with FM when
seeking treatment and a diagnosis.
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mood, anxiety, and personality disorders in female patients with fibromyalgia.
Neuropsychiatr Dis Treat. (2016) 12:349–55. doi: 10.2147/ndt.s99160

27. Stamm TA, Pieber K, Crevenna R, Dorner TE. Impairment in the activities
of daily living in older adults with and without osteoporosis, osteoarthritis and
chronic back pain: a secondary analysis of population-based health survey data.
BMC Musculoskelet Disord. (2016) 17:139. doi: 10.1186/s12891-016-0994-y

28. Dailey DL, Law LA, Vance CG, Rakel BA, Merriwether EN, Darghosian
L, et al. Perceived function and physical performance are associated with pain
and fatigue in women with fibromyalgia. Arthritis Res Ther. (2016) 18:68. doi:
10.1186/s13075-016-0954-9

29. Woo AK. Depression and anxiety in pain. Rev Pain. (2010) 4:8–12. doi:
10.1177/204946371000400103

30. Okifuji A, Bradshaw DH, Donaldson GW, Turk DC. Sequential analyses of
daily symptoms in women with fibromyalgia syndrome. J Pain. (2011) 12:84–93.
doi: 10.1016/j.jpain.2010.05.003

31. Heer EWD, Gerrits MM, Beekman ATF, Dekker J, Marwijk HWJV, Waal
MWD, et al. The association of depression and anxiety with pain: a study from
NESDA. PLoS One. (2014) 9:e106907. doi: 10.1371/journal.pone.0106907

32. Turk DC, Robinson JP, Burwinkle T. Prevalence of fear of pain and activity
in patients with fibromyalgia syndrome. J Pain. (2004) 5:483–90. doi: 10.1016/j.
jpain.2004.08.002

33. Hoffelt C, Zwack A. Assessment and management of chronic pain in patients
with depression and anxiety. Ment Health Clin. (2014) 4:146–52. doi: 10.9740/
mhc.n198935

34. Arnold LM. Duloxetine and other antidepressants in the treatment of
patients with fibromyalgia. Pain Med. (2007) 8:S63–74. doi: 10.1111/j.1526-
4637.2006.00178.x

35. Moret C, Briley M. Antidepressants in the treatment of fibromyalgia.
Neuropsychiatri Dis Treat. (2006) 2:537–48. doi: 10.2147/nedt.2006.2.4.537

36. Gormsen L, Rosenberg R, Bach FW, Jensen TS. Depression, anxiety, health-
related quality of life and pain in patients with chronic fibromyalgia and
neuropathic pain. Eur J Pain. (2010) 14:127.e1–8. doi: 10.1016/j.ejpain.2009.03.
010

37. Amtmann D, Cook KF, Jensen MP, Chen W, Choi S, Revicki D, et al.
Development of a PROMIS item bank to measure pain interference. Pain. (2010)
150:173–82. doi: 10.1016/j.pain.2010.04.025

38. Fussner LM, Black WR, Lynch-Jordan A, Morgan EM, Ting TV, Kashikar-
Zuck S. Utility of the PROMIS pediatric pain interference scale in juvenile
fibromyalgia. J Pediatr Psychol. (2019) 44:436–41. doi: 10.1093/jpepsy/jsy110

39. Galvez-Sánchez CM, Duschek S, Paso GA. Psychological impact of
fibromyalgia: current perspectives. Psychol Res Behav Manag. (2019) 12:117–27.
doi: 10.2147/prbm.s178240

40. Duenas M, Ojeda B, Salazar A, Mico JA, Failde I. A review of chronic pain
impact on patients, their social environment and the health care system. J Pain
Res. (2016) 9:457–67. doi: 10.2147/jpr.s105892

41. Barnes MC, Kessler D, Archer C, Wiles N. Prioritising physical and
psychological symptoms: what are the barriers and facilitators to the discussion
of anxiety in the primary care consultation? BMC Fam Pract. (2019) 20:106.
doi: 10.1186/s12875-019-0996-6

42. Saito H, Ichikawa K, Nomiyama T, Tatsumi N, Washizuka S, Hanihara T,
et al. Changes in activities of daily living during treatment of late-life depression.
Psychogeriatrics. (2008) 8:12–8. doi: 10.1111/j.1479-8301.2007.00216.x

43. Sarsak HI. Interventions for depression in older adults and the role of
occupational therapy. ACTA Sci Neurol. (2018) 1:3–5.

44. Storeng SH, Sund ER, Krokstad S. Factors associated with basic and
instrumental activities of daily living in elderly participants of a population-based
survey: the Nord-Trøndelag Health Study, Norway. BMJ Open. (2018) 8:e018942.
doi: 10.1136/bmjopen-2017-018942

45. Cipher DJ, Clifford PA. Dementia, pain, depression, behavioral disturbances,
and ADLs: toward a comprehensive conceptualization of quality of life in long-
term care. Int J Geriatr Psychiatry. (2004) 19:741–8. doi: 10.1002/gps.1155

Frontiers in Medicine 13 frontiersin.org

https://doi.org/10.3389/fmed.2022.1033936
https://doi.org/10.1007/s40266-014-0210-4
https://doi.org/10.1007/s11916-013-0356-5
https://doi.org/10.1371/journal.pone.0138024
https://doi.org/10.1002/acr.21931
https://doi.org/10.1002/art.1780380104
https://doi.org/10.31887/DCNS.2018.20.1/whauser
https://doi.org/10.31887/DCNS.2018.20.1/whauser
https://doi.org/10.1016/j.jad.2016.10.003
https://doi.org/10.3899/jrheum.190149
https://doi.org/10.3899/jrheum.190149
https://doi.org/10.3402/qhw.v6i3.7184
https://doi.org/10.1177/2333393616658141
https://doi.org/10.1002/2327-6924.12270
https://doi.org/10.1002/2327-6924.12270
https://doi.org/10.1097/00002820-200507000-00005
https://doi.org/10.1097/nnr.0b013e3181b499d2
https://doi.org/10.1155/2012/486590
https://doi.org/10.1007/s12016015-8509-4
https://doi.org/10.1007/s12016015-8509-4
https://doi.org/10.1016/j.jpain.2015.06.004
https://www.psychiatry.org/patients-families/depression/what-is-depression
https://www.psychiatry.org/patients-families/depression/what-is-depression
https://doi.org/10.1146/annurev.clinpsy.032408.153621
https://doi.org/10.1111/j.1526-4637.2009.00707.x
https://doi.org/10.1186/1472-6963-10-102
https://doi.org/10.1177/0300060515587578
https://doi.org/10.1097/01.psy.0000146329.63158.40
https://doi.org/10.1080/08952841.2013.816221
https://doi.org/10.1080/08952841.2013.816221
https://doi.org/10.1371/journal.pone.0201488
https://doi.org/10.1093/gerona/58.5.M453
https://doi.org/10.2147/ndt.s99160
https://doi.org/10.1186/s12891-016-0994-y
https://doi.org/10.1186/s13075-016-0954-9
https://doi.org/10.1186/s13075-016-0954-9
https://doi.org/10.1177/204946371000400103
https://doi.org/10.1177/204946371000400103
https://doi.org/10.1016/j.jpain.2010.05.003
https://doi.org/10.1371/journal.pone.0106907
https://doi.org/10.1016/j.jpain.2004.08.002
https://doi.org/10.1016/j.jpain.2004.08.002
https://doi.org/10.9740/mhc.n198935
https://doi.org/10.9740/mhc.n198935
https://doi.org/10.1111/j.1526-4637.2006.00178.x
https://doi.org/10.1111/j.1526-4637.2006.00178.x
https://doi.org/10.2147/nedt.2006.2.4.537
https://doi.org/10.1016/j.ejpain.2009.03.010
https://doi.org/10.1016/j.ejpain.2009.03.010
https://doi.org/10.1016/j.pain.2010.04.025
https://doi.org/10.1093/jpepsy/jsy110
https://doi.org/10.2147/prbm.s178240
https://doi.org/10.2147/jpr.s105892
https://doi.org/10.1186/s12875-019-0996-6
https://doi.org/10.1111/j.1479-8301.2007.00216.x
https://doi.org/10.1136/bmjopen-2017-018942
https://doi.org/10.1002/gps.1155
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-1033936 December 8, 2022 Time: 15:53 # 14

Gower et al. 10.3389/fmed.2022.1033936

46. Costa IDS, Gamundí A, Miranda JGV, França LGS, Santana CND, Montoya
P. Altered functional performance in patients with fibromyalgia. Front Hum
Neurosci. (2017) 11:14. doi: 10.3389/fnhum.2017.00014

47. Steiner JL, Bigatti SM, Slaven JE, Ang DC. The complex relationship between
pain intensity and physical functioning in fibromyalgia: the mediating role of
depression. J Appl Biobehav Res. (2017) 22:e12079. doi: 10.1111/jabr.12079

48. Ang DC, Kaleth AS, Bigatti S, Mazzuca SA, Jensen MP, Hilligoss J, et al.
Research to encourage exercise for fibromyalgia (REEF). Clin J Pain. (2013)
29:296–304. doi: 10.1097/ajp.0b013e318254ac76

49. Gunzler D, Chen T, Wu P, Zhang H. Introduction to mediation analysis
with structural equation modeling. Shanghai Arch Psychiatry. (2013) 25:390–4.
doi: 10.3969/j.issn.1002-0829.2013.06.009

50. Russo A, Cesari M, Onder G, Zamboni V, Barillaro C, Pahor M, et al.
Depression and physical function: results from the aging and longevity study in
the sirente geographic area (ilSIRENTE Study). J Geriatr Psychiatry Neurol. (2007)
20:131–7. doi: 10.1177/0891988707301865

51. Bennett RM, Jones J, Turk DC, Russell IJ, Matallana L. An internet survey
of 2,596 people with fibromyalgia. BMC Musculoskelet Disord. (2007) 8:27. doi:
10.1186/1471-2474-8-27

52. Rutledge DN, Jones K, Jones CJ. Predicting high physical function in people
with fibromyalgia. J Nurs Scholarsh. (2007) 39:319–24. doi: 10.1111/j.1547-5069.
2007.00187.x

53. Beck AT, Steer RA, Brown GK. Manual for the Beck Depression Inventory-II.
San Antonio, TX: Psychological Corporation (1996).

54. Jackson-Koku G. Beck depression inventory. Occup Med (Lond). (2016)
66:174–5. doi: 10.1093/occmed/kqv087

55. Jones CJ, Rutledge DN, Aquino J. Predictors of physical performance and
functional ability in people 50+ with and without fibromyalgia. J Aging Phys Act.
(2010) 18:353–68.

56. Rikli RE, Jones CJ. Functional fitness normative scores for community-
residing older adults, ages 60-94. J Aging Phys Act. (1999) 7:162–81. doi: 10.1123/
japa.7.2.162

57. Cherry BJ, Weiss J, Barakat BK, Rutledge DN, Jones CJ. Physical performance
as a predictor of attention and processing speed in fibromyalgia. Arch Phys Med
Rehabil. (2009) 90:2066–73. doi: 10.1016/j.apmr.2009.07.011

58. Hayes AF. Introduction to Mediation, Moderation, and Conditional Process
Analysis: A Regression-Based Approach. New York, NY: Guilford Press (2018).

59. Depression and Older Adults (n.d.). Available online at: https://www.nia.nih.
gov/health/depression-and-older-adults (accessed August 11, 2020).

60. Brenes GA, Knudson M, Mccall WV, Williamson JD, Miller ME, Stanley
MA. Age and racial differences in the presentation and treatment of Generalized
Anxiety Disorder in primary care. J Anxiety Disord. (2008) 22:1128–36. doi: 10.
1016/j.janxdis.2007.11.011

61. Ghavidel-Parsa B, Bidari A, Maafi AA, Ghalebaghi B. The iceberg nature of
fibromyalgia burden: the clinical and economic aspects. Korean J Pain. (2015)
28:169. doi: 10.3344/kjp.2015.28.3.169

62. Jacobson SA, Simpson RG, Lubahn C, Hu C, Belden CM, Davis KJ,
et al. Characterization of fibromyalgia symptoms in patients 55–95 years old:
a longitudinal study showing symptom persistence with suboptimal treatment.
Aging Clin Exp Res. (2014) 27:75–82. doi: 10.1007/s40520-014-0238-7

63. Mann R, Adams E, Mcelroy H, Udall M, Masters ET, Schaefer C, et al.
Progression of fibromyalgia: results from a 2-year observational fibromyalgia and
chronic pain study in the US. J Pain Res. (2016) 325:43. doi: 10.2147/jpr.s100043

64. Sturgeon J. Psychological therapies for the management of chronic pain.
Psychol Res Behav Manag. (2014) 7:115–24. doi: 10.2147/prbm.s44762

65. Okifuji A, Hare BD. Management of fibromyalgia syndrome: review of
evidence. Pain Ther. (2013) 2:87–104. doi: 10.1007/s40122-013-0016-9

66. Schmidt-Wilcke T, Diers M. New insights into the pathophysiology
and treatment of fibromyalgia. Biomedicines. (2017) 5:22. doi: 10.3390/
biomedicines5020022

67. Dailey DL, Vance CG, Rakel BA, Zimmerman MB, Embree J, Merriwether
EN, et al. Transcutaneous electrical nerve stimulation reduces movement−evoked
pain and fatigue: a randomized, controlled trial. Arthritis Rheumatol. (2020)
72:824–36. doi: 10.1002/art.41170

68. Lee Y-C, Tu C-H, Chung H-Y, Luo S-T, Chu Y-T, MacDonald IJ, et al.
Antihistamine promotes electroacupuncture analgesia in healthy human subjects:
a pilot study. J Tradit Complement Med. (2022) 12:511–7. doi: 10.1016/j.jtcme.
2022.04.003

69. Metyas SK, Chen CL, Yeter K, Solyman J, Arkfeld D. Low dose naltrexone
in the treatment of fibromyalgia. Curr Rheumatol Rev. (2018) 14:177–80. doi:
10.2174/1573397113666170321120329

70. Pacheco-Barrios K, Lima D, Pimenta D, Slawka E, Navarro-Flores A, Parente
J, et al. Motor cortex inhibition as a fibromyalgia biomarker: a meta-analysis of
transcranial magnetic stimulation studies. Brain Netw Modul. (2022) 1:88–101.
doi: 10.4103/2773-2398.348254

71. Conti P, Gallenga CE, Caraffa A, Ronconi G, Kritas SK. Impact
of mast cells in fibromyalgia and low−grade chronic inflammation: can
IL−37 play a role? Dermatol Ther. (2019) 33:e13191. doi: 10.1111/dth.13
191

72. Theoharides TC, Tsilioni I, Bawazeer M. Mast cells, neuroinflammation and
pain in fibromyalgia syndrome. Front Cell Neurosci. (2019) 13:353. doi: 10.3389/
fncel.2019.00353

73. Margolis J, Masters ET, Cappelleri J, Smith DM, Faulkner S. Evaluating
increased resource use in fibromyalgia using electronic health records. Clin Econ
Outcomes Res. (2016) 8:675–83. doi: 10.2147/ceor.s112252

74. Dussias P, Kalali AH, Staud RM. Treatment of fibromyalgia. Psychiatry.
(2010) 7:15–8.

75. Papadopoulou D, Fassoulaki A, Tsoulas C, Siafaka I, Vadalouca A.
A meta-analysis to determine the effect of pharmacological and non-
pharmacological treatments on fibromyalgia symptoms comprising OMERACT-
10 response criteria. Clin Rheumatol. (2015) 35:573–86. doi: 10.1007/s10067-015-
3144-2

76. Taylor SJ, Steer M, Ashe SC, Furness PJ, Haywood-Small S, Lawson K.
Patients’ perspective of the effectiveness and acceptability of pharmacological and
non-pharmacological treatments of fibromyalgia. Scand J Pain. (2019) 19:167–81.
doi: 10.1515/sjpain-2018-0116

77. Burger AJ, Lumley MA, Carty JN, Latsch DV, Thakur ER, Hyde-Nolan ME,
et al. The effects of a novel psychological attribution and emotional awareness and
expression therapy for chronic musculoskeletal pain: a preliminary, uncontrolled
trial. J Psychosom Res. (2016) 81:1–8. doi: 10.1016/j.jpsychores.2015.12.
003

78. Geraghty AWA, Maund E, Newell D, Santer M, Everitt H, Price C, et al. Self-
management for chronic widespread pain including fibromyalgia: a systematic
review and meta-analysis. PLoS One. (2021) 16:e0254642. doi: 10.1371/journal.
pone.0254642

79. Poole JL, Siegel P. Effectiveness of occupational therapy interventions
for adults with fibromyalgia: a systematic review. Am J Occup Ther. (2016)
71:7101180040p1–10. doi: 10.5014/ajot.2017.023192

80. Scott W, Hann KE, Mccracken LM. A comprehensive examination of changes
in psychological flexibility following acceptance and commitment therapy for
chronic pain. J Contemp Psychother. (2016) 46:139–48. doi: 10.1007/s10879-016-
9328-5

81. Andrade A, Steffens RDAK, Sieczkowska SM, Tartaruga LAP, Vilarino GT. A
systematic review of the effects of strength training in patients with fibromyalgia:
clinical outcomes and design considerations. Adv Rheumatol. (2018) 58:36. doi:
10.1186/s42358-018-0033-9

82. Sosa-Reina MD, Nunez-Nagy S, Gallego-Izquierdo T, Pecos-Martín
D, Monserrat J, Álvarez-Mon M. Effectiveness of therapeutic exercise in
fibromyalgia syndrome: a systematic review and meta-analysis of randomized
clinical Trials. Biomed Res Int. (2017) 2017:1–14. doi: 10.1155/2017/235
6346

83. Okifuji A, Gao J, Bokat C, Hare BD. Management of fibromyalgia
syndrome in 2016. Pain Manag. (2016) 6:383–400. doi: 10.2217/pmt-2016-
0006

84. Ribeiro RPDC, Franco TC, Pinto AJ, Filho MAGP, Domiciano DS,
Pinto ALDS, et al. Prescribed versus preferred intensity resistance exercise
in fibromyalgia pain. Front Physiol. (2018) 9:1097. doi: 10.3389/fphys.2018.01
097

85. Fontaine KR, Conn L, Clauw DJ. Effects of lifestyle physical activity
on perceived symptoms and physical function in adults with fibromyalgia:
results of a randomized trial. Arthritis Res Ther. (2010) 12:R55. doi: 10.1186/ar
2967

86. Homann D, Stefanello JM, Góes SM, Leite N. Impaired functional capacity
and exacerbation of pain and exertion during 6 minute walk test in women
with fibromyalgia. Rev Bras Fisioter. (2011) 15:474–80. doi: 10.1590/s1413-
35552011000600008

87. Hawkins R. Fibromyalgia: a clinical update. J Am Osteopath Assoc. (2013)
113:680–9. doi: 10.7556/jaoa.2013.034

88. Kwlatek R. Treatment of fibromyalgia. Aust Prescr. (2017) 40:179–83. doi:
10.18773/austprescr.2017.056

89. Maffei ME. Fibromyalgia: recent advances in diagnosis, classification,
pharmacotherapy and alternative remedies. Int J Mol Sci. (2020) 21:7877. doi:
10.3390/ijms21217877

Frontiers in Medicine 14 frontiersin.org

https://doi.org/10.3389/fmed.2022.1033936
https://doi.org/10.3389/fnhum.2017.00014
https://doi.org/10.1111/jabr.12079
https://doi.org/10.1097/ajp.0b013e318254ac76
https://doi.org/10.3969/j.issn.1002-0829.2013.06.009
https://doi.org/10.1177/0891988707301865
https://doi.org/10.1186/1471-2474-8-27
https://doi.org/10.1186/1471-2474-8-27
https://doi.org/10.1111/j.1547-5069.2007.00187.x
https://doi.org/10.1111/j.1547-5069.2007.00187.x
https://doi.org/10.1093/occmed/kqv087
https://doi.org/10.1123/japa.7.2.162
https://doi.org/10.1123/japa.7.2.162
https://doi.org/10.1016/j.apmr.2009.07.011
https://www.nia.nih.gov/health/depression-and-older-adults
https://www.nia.nih.gov/health/depression-and-older-adults
https://doi.org/10.1016/j.janxdis.2007.11.011
https://doi.org/10.1016/j.janxdis.2007.11.011
https://doi.org/10.3344/kjp.2015.28.3.169
https://doi.org/10.1007/s40520-014-0238-7
https://doi.org/10.2147/jpr.s100043
https://doi.org/10.2147/prbm.s44762
https://doi.org/10.1007/s40122-013-0016-9
https://doi.org/10.3390/biomedicines5020022
https://doi.org/10.3390/biomedicines5020022
https://doi.org/10.1002/art.41170
https://doi.org/10.1016/j.jtcme.2022.04.003
https://doi.org/10.1016/j.jtcme.2022.04.003
https://doi.org/10.2174/1573397113666170321120329
https://doi.org/10.2174/1573397113666170321120329
https://doi.org/10.4103/2773-2398.348254
https://doi.org/10.1111/dth.13191
https://doi.org/10.1111/dth.13191
https://doi.org/10.3389/fncel.2019.00353
https://doi.org/10.3389/fncel.2019.00353
https://doi.org/10.2147/ceor.s112252
https://doi.org/10.1007/s10067-015-3144-2
https://doi.org/10.1007/s10067-015-3144-2
https://doi.org/10.1515/sjpain-2018-0116
https://doi.org/10.1016/j.jpsychores.2015.12.003
https://doi.org/10.1016/j.jpsychores.2015.12.003
https://doi.org/10.1371/journal.pone.0254642
https://doi.org/10.1371/journal.pone.0254642
https://doi.org/10.5014/ajot.2017.023192
https://doi.org/10.1007/s10879-016-9328-5
https://doi.org/10.1007/s10879-016-9328-5
https://doi.org/10.1186/s42358-018-0033-9
https://doi.org/10.1186/s42358-018-0033-9
https://doi.org/10.1155/2017/2356346
https://doi.org/10.1155/2017/2356346
https://doi.org/10.2217/pmt-2016-0006
https://doi.org/10.2217/pmt-2016-0006
https://doi.org/10.3389/fphys.2018.01097
https://doi.org/10.3389/fphys.2018.01097
https://doi.org/10.1186/ar2967
https://doi.org/10.1186/ar2967
https://doi.org/10.1590/s1413-35552011000600008
https://doi.org/10.1590/s1413-35552011000600008
https://doi.org/10.7556/jaoa.2013.034
https://doi.org/10.18773/austprescr.2017.056
https://doi.org/10.18773/austprescr.2017.056
https://doi.org/10.3390/ijms21217877
https://doi.org/10.3390/ijms21217877
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Distress as a mediator for pain and activities of daily living in older adults with fibromyalgia
	Introduction
	Symptom clusters
	Pain and activities of daily living in fibromyalgia
	Pain and distress in fibromyalgia
	Pain intensity and distress in fibromyalgia
	Pain interference and distress in fibromyalgia

	Activities of daily living and distress in fibromyalgia
	Activities of daily living and depression in fibromyalgia
	Activities of daily living and anxiety in fibromyalgia

	Previous study on pain, activities of daily living, and depression in fibromyalgia
	Current study

	Materials and methods
	Participants
	Measures
	Pain intensity
	Pain interference
	Anxiety
	Depression
	Distress
	Activities of daily living
	Demographics

	Procedures

	Results
	Mediation
	Assumptions
	Software
	Procedure
	Model 1: Pain intensity mediation
	Model 2: Pain interference mediation

	Discussion
	Post hoc analyses
	Time since diagnosis
	Level of education
	Fatigue

	Limitations
	Future directions
	Clinical implications
	Treatment


	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


