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Preface to “Lifestyle and Chronic Pain”

The Key Role of Lifestyle Factors in Sustaining Chronic Pain: Towards Precision Pain Medicine

Chronic pain has a tremendous personal and socioeconomic impact and remains a challenge
for many clinicians. Cumulating evidence shows that lifestyle factors such as physical (in)activity,
stress, poor sleep, unhealthy diet, and smoking are associated with chronic pain severity and
sustainment across all age categories (1). Precision medicine refers to the ability to classify patients
into subgroups that differ in their susceptibility to, biology, or prognosis of a particular disease,
or in their response to a specific treatment, and thus to tailor treatment to the individual patient
characteristics (2). A paradigm shift from a tissue- and disease-based approach towards individually
tailored multimodal lifestyle interventions should lead to improved outcomes and decrease the
psychological and socioeconomic burden of chronic pain. Such an approach fits well into the global
move towards precision pain medicine for patients with chronic pain (3). For all these reasons, this
special issue of Journal of Clinical Medicine is dedicated to Lifestyle and Chronic Pain.

The Special Issue includes featured state of the art papers addressing key lifestyle factors of
importance to patients having persistent pain and written by leading experts and key opinion
leaders in the field. For instance, an exciting state of the art review proposes to clinicians working
with patients with chronic pelvic pain to make use of the window of opportunity to prevent a
potential transition from localized or periodic pain in the pelvis (e.g., pain during pregnancy and after
delivery) towards persistent chronic pain, by promoting a healthy lifestyle (4). In addition, original
contributions to this Special Issue include literature reviews (systematic literature reviews with meta
analyses and narrative reviews) and exciting original research (trials, cohort studies, experimental
lab work, case-control studies) focussed on lifestyle and chronic pain. For instance, an exciting study
reports that graded exposure in vivo treatment in patients with chronic low back pain and complex
regional pain syndrome type I was accompanied by reductions in fear that preceded pain relief (5).
In 164 patients with chronic pain, opioid use was more closely related to perceived injustice and
depression, but not anxiety and stress (6). In more than 70% of patients post COVID-19 infection
(total n=567), symptoms of central sensitisation were present (7). The authors suggest that patient
education and multimodal rehabilitation to target nociplastic pain can be considered in patients post
COVID-19 infection with long-lasting symptoms of central sensitisation (7).

In patients with episodic and chronic migraines, less mobility and less velocity of neck
movements, without differences in muscle activity, was observed, with neck disability and
kinesiophobia being negative and weakly associated with cervical movement (8). This brings us to
physical activity as a key lifestyle factor in patients with chronic pain, and the potential of exercise
therapy and physical activity interventions to address this factor. A systematic literature review
included in this Special Issue discusses the available evidence (including short- and long-term effects)
supporting specific versus general exercise therapy for patients with chronic neck and shoulder pain
9).

Sleep is another key lifestyle factor in many patients with chronic pain (10), which was
addressed by several papers included in the Special Issue. A state of the art review provided
recommendations for best practices in the clinical assessment and treatment approaches to promote
sleep health in children and adolescents with chronic pain (11). A systematic literature review with
meta-analyses provides an overview of the associates of insomnia in people with chronic spinal pain,
highlighting several significant associates of insomnia (12). This review is helpful in gaining a better

understanding of the characteristics and potential origin of insomnia in patients with chronic spinal

ix



pain, including identifying patients with chronic spinal pain who are likely to have insomnia (12).
Finally, an original research report presents the cross-cultural translation and validation of the Pain
and Sleep Questionnaire three-item index (PSQ-3) (13), allowing implementation of the PSQ-3 In
Finland, potentially leading to better understanding of the direct effects of pain on sleep in Finish
patients with chronic pain (13).

Diet is another key lifestyle factor that is gaining scientific momentum in relation to chronic
pain (treatment) (14, 15). This Special Issue contributes to this global move with an original research
report that studied 2,367 middle-aged and older adults, and found that low protein intake and lack of
regular exercise are associated with high odds for low back pain in women (16). In addition, a review
describes the current state of the art regarding nutrition in patients with chronic (non-cancer) pain,
highlighting why nutrition is critical within a person-centred approach to pain management, and
providing recommendations to guide clinicians in doing so (17). In addition, another review included
in this Special Issue focusses on patients with post-cancer pain, and argues that diet/nutrition
might be ready to transition from a cancer recurrence/prevention strategy towards a chronic pain
management modality for cancer survivors (18). The importance of evidence-based pain management
in cancer survivors is another global trend thoroughly addressed in this Special Issue, with another
state of the art review discussing how multiple modifiable lifestyle factors, such as stress, insomnia,
diet, obesity, smoking, alcohol consumption and physical activity, play a role in shaping the pain
experience after cancer, and how available treatment programs for cancer survivors can be improved
by including an individually-tailored lifestyle management approach (19).

Together, this Special Issue contributes substantially to the paradigm shift towards a lifestyle
approach for patients having non-cancer and cancer-related chronic pain!
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Abstract: This review discusses chronic pain, multiple modifiable lifestyle factors, such as stress,
insomnia, diet, obesity, smoking, alcohol consumption and physical activity, and the relationship
between these lifestyle factors and pain after cancer. Chronic pain is known to be a common
consequence of cancer treatments, which considerably impacts cancer survivors” quality of life when
it remains untreated. Improvements in lifestyle behaviour are known to reduce mortality, comorbid
conditions (i.e., cardiovascular diseases, other cancer, and recurrence) and cancer-related side-effects
(i.e., fatigue and psychological issues). An inadequate stress response plays an important role in
dysregulating the body’s autonomic, endocrine, and immune responses, creating a problematic
back loop with pain. Next, given the high vulnerability of cancer survivors to insomnia, addressing
and treating those sleep problems should be another target in pain management due to its capacity
to increase hyperalgesia. Furthermore, adherence to a healthy diet holds great anti-inflammatory
potential for relieving pain after cancer. Additionally, a healthy diet might go hand in hand with
weight reduction in the case of obesity. Consuming alcohol and smoking have an acute analgesic effect
in the short-term, with evidence lacking in the long-term. However, this acute effect is outweighed
by other harms on cancer survivors’ general health. Last, informing patients about the benefits of
an active lifestyle and reducing a sedentary lifestyle after cancer treatment must be emphasised
when considering the proven benefits of physical activity in this population. A multimodal approach
addressing all relevant lifestyle factors together seems appropriate for managing comorbid conditions,
side-effects, and chronic pain after cancer. Further research is needed to evaluate whether modifiable
lifestyle factors have a beneficial influence on chronic pain among cancer survivors.

Keywords: cancer survivor; chronic pain; lifestyle; diet; obesity; physical activity; stress; sleep




J. Clin. Med. 2022, 11, 195

1. Introduction

Cancer has overtaken vascular diseases as the leading cause of death in high-income
countries [1]. On top of that, it is expected that the global cancer burden will grow 47% by
2040 [2]. Despite these appalling numbers, cancer survivorship has fortunately increased
to 70% in developed countries, mainly due to early detections and treatment advances [3].

Different definitions for cancer survivor (CS) exist, but according to a systematic
review of Marzorati et al., (2017), the most widely used definition is: “being a CS, starts
on the day of diagnosis and continues until the end of life” [4]. Three cancer survivorship
phases can be distinguished: “acute survivorship” (i.e., early-stage or time during curative
treatment), “permanent survivorship” (i.e., living with cancer or also called the palliative
stage), and “extended survivorship” (i.e., cured but not free of suffering) [4]. This article
focuses on the extended survivorship phase since it is difficult for cancer survivors (CSs) to
recognize themselves as ‘cured’ if they continue to suffer after treatment completion [4].
Unfortunately, in this phase, an important proportion of these CSs will face unwanted
and debilitating adverse effects that arise or persist beyond primary treatment, which is
frightening and should therefore be dealt with seriously [5].

Chronic pain is one of these and occurs in 40% of CSs [6]. Chronic pain is defined by
the International Association for the Study of Pain (IASP) as pain that persists or recurs for
longer than three months [7]. Unrelieved pain can have considerable adverse consequences
on a CSs’ quality of life [6]. Therefore, providing CSs with optimal pain treatments is
essential to reduce their psychological, physical, and socio-economic impact [6]. Although
several initiatives attempted to increase awareness about (post) cancer pain (e.g., the
Global Year Against Cancer Pain in 2008 promoted by IASP), chronic pain in CSs remains
undertreated, misunderstood, and highly prevalent [6].

Nowadays, the National Comprehensive Cancer Network guidelines [8] advise phar-
macological and non-pharmacological treatments for pain during cancer treatment, but
after treatment, a decrease of pain medication is recommended to avoid the risk of ad-
diction, misuse, and adverse effects such as opioid-induced hyperalgesia and sleeping
disruptions. Unfortunately, shifting towards non-pharmacological treatments remains chal-
lenging for many oncologists since they are used to treat patients with acute pain associated
with cancer or its therapy [9]. However, the aggressive and curative treatments, including
surgery, chemo-, radio- and or maintenance therapy, are not the only factors contributing
to the transition of acute to chronic pain. Other factors such as young age at diagnosis,
depression, anxiety, low education, and negative lifestyle behaviour (e.g., high body mass
index (BMI), low physical activity levels, high alcohol consumption, etc.) might have an
impact as well [10-12]. Unfortunately, not all these factors are treatable or modifiable.
However, new evidence on healthy lifestyle behaviour demonstrates promising results on
pain, quality of life, cancer recurrence, psychological well-being [13-16]. A healthy lifestyle
is defined as actions or method one initiate to achieve optimum health and lower the risk
of disease or early death [17], which underlines the need to target (pain) multimodally and
tailor treatment according to the CS’s needs [18]. Therefore, the purpose of this paper is to
review and update knowledge on chronic pain and modifiable lifestyle factors in CSs and
to discuss the beneficial impact of modifiable lifestyle factors on chronic pain after cancer
(Figure 1).
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Figure 1. Discussed modifiable lifestyle factors in cancer survivors and might contribute to chronic
pain after cancer (Creates with BioRender.com (accessed on: 26 November 2021)).

2. Methods

The best evidence regarding lifestyle behaviour and chronic pain in CSs was retrieved
in PubMed and Web of Science up to September 2021. Relevant articles were selected by
combining the following keywords: CS, chronic pain, lifestyle factors, risk factors, smoking,
dietary intake, physical activity, obesity, medication, distress, stress, sleep disorders. To
be included, articles had to meet the following criteria: (1) display original data in CSs;
(2) address the aims of this review; (3) be published as full articles; and (4) written in
English, Dutch, German or French. The following criteria were applied for exclusion: (1)
articles reporting animal studies; and (2) studies with the following study design: case
reports, congress proceedings, abstracts, letters to the editor, opinions or editorials.

3. State-of-the-Art
3.1. Pain

Chronic cancer-related pain represented in the International Classification of Diseases
(ICD-11) differs from the pain of other chronic pain populations [19]. Chronic pain in CSs
is caused by damage of primary cancer, its metastasis or its treatment, inducing chronic
secondary pain syndromes such as musculoskeletal and neuropathic pains [7]. That can
persist over time if no adequate pain management was provided initially [7].

Glare et al., (2014) published a comprehensive overview of the types of treatment-
related cancer pain arising after the curative treatments [19]. For example, post-operative syn-
dromes might occur after surgery, such as phantom pain after amputation, post-mastectomy
pain and other complications [19]. Furthermore, chemo- and radiotherapy can also cause
adverse effects. Chemotherapy, for example, can cause symmetrical painful numbness, burn-
ing, and tingling in both hands and feet. On top of that, it could also lead to osteoporosis,
osteonecrosis, arthralgias, and myalgia. Radiotherapy can lead to serious adverse effects
caused by ionising radiation, inducing reactive oxygen species (ROS) production, and DNA
and regulatory proteins damage to targeted cells. These provoke apoptosis and increased
inflammation in the exposed cells and the neighbouring cells by radiation-induced bystander
effects, possibly leading to plexopathies and osteoradionecrosis [19,20]. Maintenance ther-
apy like aromatase inhibitors can produce arthralgia and myalgia [19]. In addition to these
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adverse effects, health care providers have to evaluate new arising or aggravating pain
complaints with caution because these can indicate a recurrence or a second malignant
tumour [19].

Despite the existing guidelines, chronic pain remains underrecognized and mistreated
in the extended survivorship phase [5]. Under recognition might be due to: (1) patients’
belief that pain is inevitable and uncontrollable, causing them not to report pain to their
physicians; and/or (2) physicians” poor knowledge of pain assessment methods [21].
Mistreatment of pain, on the other hand, might be due to: (1) suboptimal communication
between CSs and physicians; (2) non-adherence of the patients due to misconception of pain
medication; and/or (3) lack of knowledge or confidence of the physicians in applying pain
management guidelines in the clinical field [22]. Moreover, CSs typically are insufficiently
informed about the origin of their pain, the possibilities of pain relief, and how they can
access support when needed, which might affect their happiness of having survived and
beaten cancer [23-25].

Over the last decade, the education provided to CSs made a shift from a biomedical
pain management, falling short in explaining persistent pain, to a biopsychosocial pain
management [26]. This is in concordance with recent findings of the multidimensional
aspect of pain [23]. Psychosocial factors, such as cognitive appraisals and expectations,
are cornerstones in the patient’s pain experience and might bring patients in a down-
ward spiral if not considered [27]. The underlying mechanism can be explained by the
fact that psychological factors and pain sensations share similar brain activity, such as
the prefrontal cortex, thalamus, hypothalamus, and amygdala and might subsequently
affect the descending nociceptive pathways of the periaqueductal grey and rostro-ventral
medulla [28]. So, depressive mood, anxiety, and cognitions play an essential role in pain
modulation, and the understanding of its mechanism is primordial for appropriate assess-
ment and treatment [10,28]. One cognitive appraisal that gained attention in the past years
is perceived injustice (PI) [29,30]. It is demonstrated that people experiencing PI, attribute
blame to others for their suffering, have the tendency to interpret their losses as severe
and irreparable, and experience a sense of unfairness [29] (e.g., someone who never smoked
yet was diagnosed with lung cancer). A systematic review showed significant associations
between PI and worse pain-related outcomes, including more intense pain, more disability,
and worse mental health [31]. These along with lower quality of life are seen in breast CSs
with higher PI scores, and PI rather than pain catastrophizing mediates the relationship
between pain and quality of life [32]. A more intense expression in terms of their suffering
and loss is seen due to increased maladaptive pain behaviour. In turn, this increases the
likelihood of being prescribed opioids [29,33]. People displaying more maladaptive pain
behaviour affect clinicians’ decision to prescribe opioids [34]. Considering the known
long-term adverse effects of long-term opioid use [9] and the possibility of developing
opiate-induced hyperalgesia [35], PI seems to be a new perspective that should be further
investigated in the future.

Other factors that also play a vital role in chronic pain after cancer are associated with
patients” healthy lifestyle behaviour. Addressing modifiable lifestyle factors is essential to
prevent recurrence of cancer, adverse effects, mortality, as well as improving quality of life
and pain relief [36,37]. These factors’ impacts and their relationship with pain in CSs are
discussed in detail in the following sections of this paper (Figure 2).
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Figure 2. Evidence of modifiable lifestyle factors contributing to chronic pain in cancer survivors.
Abbreviations: CBT(-I): Cognitive behavioural therapy (Insomnia); CBSM: Cognitive Behavioural
Stress Management; MA: Meta-analysis; MBSR: Mindfulness-based Stress Reduction; OR: Odds Ratio.

3.2. Lifestyle Behaviour
3.2.1. Stress

Stress has been categorised as “the health epidemic of the 21st century” by the World
Health Organization (WHO) [38]. It has been defined as a state, whether an actual or per-
ceived event disturbs the physiological homeostasis or the psychological well-being [39,40].
About 12.6% of CSs will develop a lifetime cancer-related post-traumatic stress disor-
der [41]. Additionally, during survivorship, a substantial proportion of CSs are confronting
lingering adverse events and/or experiencing an intense fear of recurrence, both causing
anxiety and major distress [42]. Cancer-related distress is defined as a state during which
CS cannot deal with their cancer, treatment, or adverse effects due to interference of a
multifactorial unpleasant psychological, social, spiritual, or physical event. Distress can
transfer normal feelings to disabling problems such as panic attacks, depression, anxiety,
existential crises [43]. The presence of chronic stress or distress sustains the overproduction
of pro-inflammatory cytokines, which in turn induces fatigue, sleep disorders, depression,
and symptoms of sickness [44]. The other stress-related mechanisms behind a height-
ened inflammation level are higher stress-induced sympathetic activity or a dysregulated
hypothalamic-pituitary-adrenal axis (and associated cortisol dysbalance as a characteristic
feature of long-term stress exposure) [44,45]. New insights also point out that distress in
CSs changes the function and/or structure of some areas of the brain, such as the thalamus,
amygdala, prefrontal cortex, hippocampus, subgenual area, hypothalamus, basal ganglia
and insula, which are mainly the same areas associated with chronic pain [28,46]. Under-
standing these changes may open new treatment perspectives and enhance the quality of
provided interventions for distress among CSs.

Early screening of distress might enhance treatment response [42,47]. As stated in the
systematic review of Syrowatka et al., (2017), several predictors for distress after cancer
could be identified according to the provided treatment, sociodemographic characteristics,
comorbidities, and modifiable lifestyle factors (Table 1, Figure 2) [42]. Interestingly, pain is
one of the manageable risk factors for distress creating a problematic back loop because
distress, in turn, promotes pain by dysregulating the autonomic, endocrine, and immune
response [44,48]. This vicious cycle can be interrupted by cognitive behavioural stress
management (CBSM) consisting of aspects of cognitive behavioural therapy (CBT) [49-51]
or, more precisely, coping skills for stress management combined with relaxation train-
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ing [45,52-54]. According to recent published systematic reviews and meta-analyses, CBT
has a beneficial effect on cortisol secretion, distress, anxiety, depression, emotional well-
being, and negative thoughts in CSs [49-51]. Mindfulness-based stress reduction (MBSR)
and yoga have also shown promising results on distress in CSs (Figure 2) [52-54].

3.2.2. Sleep

Insomnia is one the most frequently experienced survivorship concerns and is charac-
terised by difficulty with sleep initiation, duration, consolidation, and quality, resulting
in daytime impairments and distress. These difficulties have to occur at least three times
a week for more than one month [55]. Insomnia affects more than 30% of CSs years after
treatment ending [56-58]. The two-fold higher prevalence rate in comparison to the general
population can be attributed to the emotional consequences of cancer diagnosis, the direct
effects of cancer treatment, and its side-effects [56]. Among cancer patients, prevalence num-
bers of insomnia are the highest in breast and gynaecologic cancers compared to prostate
cancer [56]. Breast CSs are particularly vulnerable to insomnia due to fear of recurrence,
endocrine therapy, and other hormonal changes related to breast cancer treatment [59-61].
Due to hormonal changes, about 85% of breast CSs will report hot flushes, night sweats
and arthralgia, resulting in multiple awakenings throughout the night [62,63]. Moreover,
breast CSs with hot flushes and (joint) pain are respectively 2.25 (95% CI 1.64-3.08) and 2.31
(95% CI1.36-3.92) more likely to develop sleep problems (Table 1, Figure 2) [64]. On the
other hand, in non-cancer populations, insomnia forms a higher risk for developing future
chronic pain disorders compared to chronic pain leading to new insomnia cases [65]. Sleep
problems lower pain thresholds and exacerbate response to painful stimuli by dysregulat-
ing the immune system, hypothalamus-pituitary-adrenal axis, monoaminergic pathways,
and endogenous substances (adenosine, nitric oxide, melatonin, and orexin), which will,
for example, increase the pro-inflammatory state [66].

Based on compelling efficacy data, CBT for insomnia (CBT-I) is the gold standard
treatment for insomnia (Figure 2) [67]. CBT-I addresses cognitive and behavioural factors
that perpetuate insomnia using a multi-component treatment that includes sleep hygiene,
stimulus control, sleep restriction, cognitive therapy and relaxation training [68]. The effi-
cacy of CBT-I in CSs was investigated by a systematic review of Johnson et al., (2016) [57] in
which they demonstrated that CBT-I improves insomnia symptom severity, sleep efficiency,
sleep onset latency, and wake after sleep onset in CSs. The same research question was
investigated specifically in breast CSs by a recent review of Ma et al., (2021) [69], in which
moderate to large treatment effects were found with clinically significant effects lasting up
to one year after therapy for insomnia symptom severity, sleep efficiency and sleep onset
latency. Even though solid evidence has shown that CBT-I improves sleep in CSs [57], it
remains underused and not readily available in the community or clinical settings [70].
Barriers on the provider level are a shortage of CBT-I specialists and a lack of physician
training about sleep [71,72]. On the patient level, barriers include limited understanding
of the consequences of insomnia, limited awareness of available treatment options and
lack of treatment adherence due to the possible burdensome treatment format [73,74].
There is no doubt about the effectiveness of CBT-I in CSs. However, future studies are
needed to investigate the optimal integration of the CBT-I components before adding to the
pain management.

3.2.3. Diet
Dietary Intake

Dietary recommendations have only recently been brought into the picture for CSs
treatment; therefore, the literature is sparse and limited to breast CSs. However, nutritional
guidelines have been introduced by the National Cancer Institute, American Cancer So-
ciety, Academy of Nutrition to encourage CSs to start a healthy and prudent diet [13,75].
Unfortunately, the adherence is low because CSs have no guarantee that their prognosis
will improve by adopting a healthy diet [76]. According to a meta-analysis of cohort
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studies, a Western diet, which is characterised by a high consumption of eggs, red meats,
and processed foods, is associated with a higher risk of mortality (odds ratio = 1.51; 95%
CI 1.24-1.85) and cancer recurrence (odds ratio = 1.34; 95% CI 0.61-2.92) in CSs [77]. How-
ever, weak evidence suggests that CSs may be able to reduce their mortality and cancer
recurrence rate by switching to a healthy diet that consists of fruits, vegetables, fish, and
whole grains after diagnosis [78]. A healthy diet is usually rich in anti-oxidative, anti-
inflammatory, endothelial protective, metabolic substances, which affect tumour growth
and promote cancer apoptosis [79]. As advised by different associations, nutritional coun-
selling should be provided by registered dietitians specialised in oncology [13].

Furthermore, ongoing research shows that food could have both an adverse and a
beneficial influence on chronic pain. A recent systematic review revealed that studies
examining whether diet influences chronic pain in CSs are essentially lacking (Table 1) [80].
Nevertheless, evidence in breast CSs points out some significant relation between pain
and nutrition. A network meta-analysis for therapeutic options for aromatase inhibitor-
associated arthralgia in breast cancer has suggested that omega-3 fatty acids might be
effective in reducing pain severity scores and pointed out the need for further evaluation
for omega-3 fatty acids as well as vitamin D (Table 1) [81]. Additionally, a cross-sectional
study showed clearly that breast CSs who were well-nourished or anabolic according to
category A of the patient-generated subjective global assessment (PG-SGA) had fewer pain
symptoms than those who were malnourished category B of PG-SGA [82].

As discussed earlier, nutritional sciences are only now beginning to address chronic
pain in CSs. However, why should “diet” be advised in chronic pain management to
CSs? Knowing the benefits and drawbacks of various diets for survivors with chronic pain
could be the key to finding a clear answer. The most important vision of implementing
a specific diet in pain management is based on using regulatory effects of nutrition on
several pain mechanisms with no or bare minimum side effects. This could provide a
long-term, sustainable, and cost-effective pain management alternative for CSs. Therefore,
in the future, interdisciplinary collaboration across researchers and clinicians is needed
to unravel the role of nutrition in pain-related mechanisms and its implications on pain
reduction in CSs. Currently, the lack of evidence supporting the added value of dietary
interventions for chronic pain management in CSs precludes to advise its use (Figure 2).

Obesity

Obesity is a condition characterised by an increase in body fat [83,84]. At the neurobi-
ological level, obesity is considered to cause pain through various mechanisms, including
inflammation and hormone imbalance [85]. At the mechanical level, obesity can also
cause pain by structural overloading [84,86], which can lead to altered body posture and
joint misuse [87]. The latest review in taxane- and platinum-treated CSs demonstrated
a good-to-moderate relationship between obesity and higher severity or incidence of
chemotherapy-induced peripheral neuropathy (CIPN), with moderate evidence showing
diabetes did not increase incidence or severity of CIPN [88]. Furthermore, a systematic
review with meta-analyses of Leysen et al., (2017) demonstrated that breast CSs with a
BMI > 30 have a higher risk (odds ratio = 1.34, 95% CI 1.08-1.67) of developing pain (Table 1,
Figure 2) [12]. However, more research is needed to determine the long-term impact of
obesity among the expanding population of CSs [89]. Studies looking at the link between
changes in body mass index, fat mass, inflammatory markers, and chronic pain might
help us better comprehend the relationship between these variables in the CS population.
Additionally, well-designed, high-quality randomised controlled trials on the effect of
combined weight loss/pain therapies are required to inform patients and clinicians on how
to personalise the approach to reduce chronic pain prevalence, intensity, or severity in CSs
through obesity management (Figure 2).
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3.2.4. Smoking

Smoking tobacco and, to a lesser extent, e-cigarettes is well-known to negatively influ-
ence cancer’s prognosis and forms a major risk factor for various cancer types and several
other chronic diseases [90-92]. Smoking cessation has a favourable effect on treatment effi-
cacy, psychological well-being and general quality of life [93]. The National Comprehensive
Cancer Network offers a guideline for smoking cessation, consisting of pharmacotherapy
(e.g., nicotine replacement therapy or varenicline) and behaviour therapy (Figure 2) [47,94].
This program is more successful when initiated at the time of diagnosis because an early
start avoids more adverse effects [90]. Patients who continue to smoke have a higher
likelihood of facing post-operative complications due to (wound) infections, failed re-
construction and tissue necrosis, which could lead to prolonged hospitalisation [95,96].
Unfortunately, a big proportion of young CSs continue to smoke after their diagnosis.
Approximately 25.2% of CSs aged 18 to 44 years were current smokers compared to 15.8%
in the general population [97]. Thus, during the survivor phase, additional support should
be provided to target patients’ barriers to smoking cessation to prevent cancer recurrence.

Pain might be one of the barriers to smoking cessation in CSs [98]. An observational
study by Aigner et al., (2016) demonstrated that when patients experience higher pain
levels, they usually smoke a larger number of cigarettes during these days and initiate fewer
attempts to quit smoking [98]. This can be explained by the fact that nicotine produces
an acute analgesic effect, making it much harder for them to stop due to the rewarding
sensation they experience [99]. Despite its short-term analgesic effect, tobacco smoking
sustains pain in the long-term [93]. This underlines the importance of incorporating anti-
smoking medications in CSs with pain to avoid relapse during nicotine withdrawal [99].
Moreover, pain management should be added to the counselling aspect to enhance the
patient’s knowledge, which in turn, might improve their adherence to the whole smoking
cessation program [98]. Furthermore, the 5As (Ask, Advise, Assess, Assist, Arrange)
approach, which assesses the willingness of the patient to quit smoking, is no longer
recommended since studies have demonstrated that smokers who did not feel ready to
quit smoking at the same rate as those who wanted to [100]. The model with the most
promising results might be “opt-out”, during which health care providers offer counselling
and pharmacotherapy to all smokers, which is more ethical [101]. However, research on
how to integrate this approach in current cancer care for CSs is needed.

3.2.5. Alcohol Consumption

Similar to smoking, alcohol consumption is a preventable risk factor for liver, oe-
sophageal, colorectal, breast, head, neck, and many other cancers [102]. It is established that
excessive or binge drinking enhances the likelihood of cancer recurrence, bad prognosis,
or death [77]. Despite this, up to now, no evidence supports or refutes that drinking with
moderation (<1 drink for women and <2 drinks for men per day) is associated with a
lower risk of cancer [103-105]. On top of this, some studies show a reduction in risk due to
moderate alcohol intake, which might be explained by confounders, and/or the anti-cancer
effect of polyphenols (present in wine) [106] or phytoestrogen and polysaccharides (present
in beer) that lower free testosterone, inducing prostate cancer [107,108]. However, these
small benefits are quickly outweighed by other harms of alcohol consumption. Further-
more, a growing trend in alcohol intake among CSs is observed, but no explanation for
this trend could be found [109]. Nevertheless, alcohol consumption can initiate people to
smoke or smoke even more [109]. Combining both multiplies their adverse effects because
alcohol slows down the body’s capacity to eliminate the carcinogenic chemicals of smok-
ing [97,109,110]. These findings highlight the importance of increasing CSs” awareness
about these lifestyle factors.

The impact of alcohol use on pain is poorly investigated in CSs, but according to one
systematic review of two cohort studies, the risk of developing pain can be reduced by
alcohol use (Table 1) [12]. This finding might be misleading due to the fact that alcohol has
an acute analgesic effect [111]. In non-cancer populations, studies demonstrated that this
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analgesic effect diminishes over time, and there is an association between chronic pain and
alcohol consumption [112]. This pain might be evoked by developing alcoholic neuropathy,
musculoskeletal disorders, or alcohol withdrawal [112]. Conversely, chronic pain increases
the risk of alcohol abuse [113]. Nevertheless, psychosocial factors are also highly present in
patients with alcohol abuse and can be attributed to abnormalities in the reward system of
the brain [114]. Additionally, a recently published study demonstrated that chronic pain
patients with high levels of pain catastrophising are more likely to be heavy drinkers [115].
General advice on alcohol consumption after cancer is currently not possible due to the
high variability of results in different CSs. Therefore, health care providers should tailor
their advice according to cancer types and patients [116]. Within that view, an overview of
recommendations regarding individualised alcohol consumption for each CS type could
support clinicians in doing so, yet such evidence-based recommendations are currently
lacking (Figure 2).

3.2.6. Physical Activity

Being physically active after a cancer diagnosis improves CSs’ survival rate by
30% [117-119], which underlines that healthy behaviour during the extended survival
phase is essential [117]. The American College of Sports Medicine, American Cancer Society
and the US Department of Health and Human Services developed exercise guidelines that
advise every CS to engage weekly in 75 min of vigorous-intensity or 150 min of moderate-
intensity aerobic physical activity [90,120,121]. For instance, the evidence demonstrated
that supervised physical activity reduces cancer-related fatigue, depression, and increases
quality of life, cardiovascular and musculoskeletal fitness in CSs [14-16]. Additional ben-
eficial effects of physical activity were also seen on musculoskeletal pain and stiffness in
breast CSs taking aromatase inhibitors for a long period (Table 1, Figure 2) [81,122,123].
However, only few CSs attain the recommended physical activity levels, with pain being an
important limiting factor [116,124]. Inappropriate beliefs regarding the expected outcome
of physical activity represent a major barrier for CSs to engage in physical activity programs.
For example, some breast CSs fear that resistance exercises can aggravate cancer-related
lymphedema, which is proven to be wrong as resistance exercises are perfectly safe in this
group and do not increase lymphedema [125], others might fear that exercise can exacer-
bate their pain, which was refuted by systematic reviews with meta-analyses in CSs and
a Cochrane review in chronic non-cancer pain populations, demonstrating that physical
activity has a small positive effect on pain (Table 1, Figure 2) [123,126,127]. Despite all this
evidence, patients” adherence to physical activity remains low and remains a bottleneck
in current care [128]. Therefore, how to reduce a sedentary lifestyle in CSs with chronic
pain should be more thoroughly investigated and implemented in guidelines, and patients
should be better informed about the benefits of an active lifestyle [128].

Identifying predictors of adherence will offer the possibility to provide personalised
guidance to CSs who are less likely to adhere to exercise, which will undoubtedly lead
to better treatment outcomes [129]. According to a systematic review, behavioural (i.e.,
motivation) and sociodemographic predictors (i.e., distance and social support of the family
or therapists) should be addressed [130]. To improve CSs’ exercise motivation or lifestyle
behaviours, motivational interviewing can be used [131]. During this patient-centred
approach, five different stages can be distinguished: pre-contemplation, contemplation,
preparation, action, and maintenance. In each stage, behaviour changes will be tackled
differently [130,131]. A Cochrane review concluded that exercise interventions with de-
termined goals, graded activity, and behaviour change reached the highest adherence in
CSs [118]. Behavioural graded activity is such an intervention that combines these three
components and aims (i.e., determined goals, graded activity, and behaviour change) to tar-
get patients’ difficulties and complaints during their daily living [132]. This approach might
enhance patients” willingness to adhere to healthy behaviour compared to other exercise
interventions. Additionally, in recent years, alternative therapies such as mindfulness-
based approaches, hypnosis and yoga gained importance and demonstrated significant



J. Clin. Med. 2022, 11, 195

beneficial effects on quality of life, psychological distress, anxiety, depression, fear of cancer
recurrence, fatigue, sleep, and pain [133-135]. Obviously, mindfulness-based approaches
and yoga fit into the ‘stress management’ category as well, and therefore potentially serve
two lifestyle factors (i.e., stress and physical therapy). However, more research is needed to
find the optimal approach for higher long-term adherence to an active lifestyle in CSs.

Table 1. Evidence of lifestyle factors on pain in cancer survivors. Abbreviations: AIA: Aromatase
Inhibitor-associated Arthralgia; C: Cohort; CI: Confidence Interval; CIPN: Chemotherapy-Induced
Peripheral Neurotoxicity; CS: Cross-sectional Study; ES: Effect Size; I?: Heterogeneity; MD: Mean
Difference; OR: Odds Ratio; p: p-value; RCT: Randomized Controlled Trial; SMD: Standardized Mean

Difference; SORT: Strength of Recommendation Taxonomy.
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4. Future Directions for Scientists

First, it is recommended that researchers make a clear distinction between CSs’ phases
when initiating and reporting studies in CSs. Currently, the term CS is too globally used,
making it difficult to compare or combine results of studies due to their high heterogeneity.
An individual in palliative care has different needs than an individual that is cured of
cancer; however, both are CSs according to the most widely used definition [4]. A dis-
tinction between the different phases has been described by Mullan et al., in 1985 [138].
Unfortunately, these terms are not frequently used in the literature [138] even though a
clear distinction between phases could help clinicians to communicate more easily and
to provide the appropriate care to patients” needs according to their phase in the survival
of cancer.

Second, most studies were performed on Caucasian breast CSs with high socio-
economic status. This population is more likely to have a higher adherence and willingness
to change their lifestyle habits [139]. However, to reach a better understanding of barriers
for lifestyle changes, research needs to be performed among CS populations with diverse
socio-economic backgrounds. This way, oncological care for CSs can be more tailored to
patients of different gender, race, and socio-economic capacities.

Third, future studies regarding lifestyle factors in CSs should more thoroughly account
for possible confounders. Indeed, research studying a particular lifestyle factor should not

12
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only be adjusted for age, gender, education, and so forth, but also for other established
lifestyle factors, which might be a considerable confounder. Furthermore, the effects
of lifestyle factors in CSs are most often observed over a short period, preventing to
draw conclusions regarding long-term impact of lifestyle factors in CSs. More research
is warranted to observe the long-term effects of pain management and healthy lifestyle
interventions in CSs.

5. Future Directions for Clinicians

The literature indicates that implementing healthy lifestyle habits in CSs has low
compliance rates [140]. A barrier that might cause low adherence to healthy lifestyle
behaviours is the burdensome treatment format of most behavioural interventions [73,74].
Therefore, stepped care models might provide clinicians with a possible solution to improve
the feasibility and deliver care efficiently [141]. In existing stepped care models, the first
step is typically a form of self-management therapy (e.g., recommendations) with the
possibility to progress to the highest step of six to eight individual sessions with a specialist,
if needed [142,143]. For example, a recent study in CSs demonstrated that more than 50%
of CSs with insomnia benefit form a one-hour group-delivered session that empowers
CSs by teaching them about sleep health and provides specific information on how to
adapt their sleep behaviours [142]. Interestingly, they found that CSs who had experienced
sleep problems for a shorter period and perceived less burden from their sleep problems
were most likely to benefit from the one-hour program, suggesting that it is crucial to
identify CS with sleep problems as soon as possible to enhance the efficacy of low-intensity
interventions [142]. However, further research is warranted before implementing stepped
care for the other lifestyle factors. In addition, systematic reviews demonstrated promising
findings for virtual therapy, suggesting that virtual interventions might be a possible option
to enhance access to care, which solves the distance issue [69,137,144].

Furthermore, to reduce the treatment burden, clinicians should perform early screen-
ings and identify negative predictors to improve patients’ self-efficacy to sustain a healthy
lifestyle. Developing evidence-based guidelines, including algorithms with practical triage
and referral plans to other healthcare professionals, will improve survivorship care. En-
hancing the productivity of oncological care by 2025 is of utmost importance because there
will be a shortage of oncologists due to the growing cancer population [145]. Besides that,
many clinicians have difficulties providing the ideal pain management plan and delivering
health promotion guidance due to a lack of knowledge [22]. Supplementary support and
educational interventions should be organized for health care providers to enhance their
expertise and confidence in this field.

Another recommendation for future clinical practice is considering the use of pain
neuroscience education as a way to decrease the threatening nature of pain, catastrophic
thinking and fear-avoidance beliefs in CSs [146]. Cancer patients indicate themselves
that they have insufficient knowledge regarding pain during or after cancer, what the
possibilities of pain relief are and how they can access support when needed [24,25]. When
comparing pain knowledge between CSs, healthy controls and caregivers, CSs had the
lowest pain knowledge of the three groups [147]. Education about pain is underused in
the field of oncology and non-existent in the survivorship phase [148]. Pain neuroscience
education can clear the path for more active approaches to pain management, including
providing lifestyle interventions. Manuals with guidelines for clinicians on how to explain
pain following cancer [146], including accounting for perceived injustice during pain
neuroscience education [149], are available to support clinicians in doing so.

Lastly, this state-of-the-art paper underlines once more the complexity of managing
chronic pain in CSs. As discussed previously, adopting a healthy lifestyle might have a
beneficial influence on the chronic pain of CSs. Unfortunately, there is currently a lack
of research about the effectiveness of modifiable lifestyle factors on pain. Moreover, pain
in CSs should be targeted on cognitive, behavioural, sensory and emotional levels due
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to its complexity [18]. Therefore, all pain interventions should be multidisciplinary and
personalized for each CS [19].

6. Conclusions

Emerging evidence shows that CSs find it challenging to receive optimal treatment
plans for their burdens, and support or reinforcement to maintain a healthy lifestyle.
Therefore, it is crucially important to prepare clinicians well, so they can provide guidance
along and after primary treatment. For chronic pain in CSs, it is primordial to identify
factors that contribute to the transition of acute to chronic pain in CSs because chronic
pain remains underrecognized and mistreated in this population. Furthermore, a proper
definition between CSs’ phases should be developed for optimal research and treatment.
In the clinical field, new psychosocial factors and modifiable lifestyle factors should be
targeted to improve pain relief in CSs.

Modifiable lifestyle factors and their impact on pain have been discussed in depth
in this paper and are, for instance, stress, insomnia, diet, obesity, smoking, alcohol con-
sumption and physical activity. First, an inappropriate stress response promotes pain by
dysregulating the autonomic, endocrine, and immune response creating a problematic
back loop because pain is a manageable risk factor for distress. The stress response can
be managed by CBSM, CBT, MBSR and yoga. Second, sleep and pain also form a vicious
cycle (sleep problems exacerbate response to nociceptive stimuli and pain can disturb sleep
quality) that CBT-I can break. Third, guidelines recommend prudent diets in CSs. However,
more research is needed to unravel the role of nutrition and obesity in CSs. Fourth, alcohol
consumption and smoking are both negative lifestyle behaviours that impact patients’ gen-
eral health. Smoking cessation should consist of behaviour therapy and medication. Last,
physical activity demonstrates its beneficial impact in several systematic reviews. However,
the adherence is low and new treatment strategies such as motivational interviewing or
BGA should be investigated in CSs to increase treatment outcomes in the long-term.

In the future, there will be an insufficient number of professionals (oncologists) due to
the growing cancer population [150,151]. Therefore, it is a priority that researchers refine
current treatment plans and define the benefits of modifiable lifestyle factors and their
impact on chronic pain in CSs.
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Abstract: During their lifespan, many women are exposed to pain in the pelvis in relation to
menstruation and pregnancy. Such pelvic pain is often considered normal and inherently linked to
being a woman, which in turn leads to insufficiently offered treatment for treatable aspects related
to their pain experience. Nonetheless, severe dysmenorrhea (pain during menstruation) as seen in
endometriosis and pregnancy-related pelvic girdle pain, have a high impact on daily activities, school
attendance and work ability. In the context of any type of chronic pain, accumulating evidence shows
that an unhealthy lifestyle is associated with pain development and pain severity. Furthermore,
unhealthy lifestyle habits are a suggested perpetuating factor of chronic pain. This is of specific
relevance during lifespan, since a low physical activity level, poor sleep, or periods of (di)stress are
all common in challenging periods of women'’s lives (e.g., during menstruation, during pregnancy,
in the postpartum period). This state-of-the-art paper aims to review the role of lifestyle factors on
pain in the pelvis, and the added value of a lifestyle intervention on pain in women with pelvic
pain. Based on the current evidence, the benefits of physical activity and exercise for women with
pain in the pelvis are supported to some extent. The available evidence on lifestyle factors such
as sleep, (di)stress, diet, and tobacco/alcohol use is, however, inconclusive. Very few studies are
available, and the studies which are available are of general low quality. Since the role of lifestyle on
the development and maintenance of pain in the pelvis, and the value of lifestyle interventions for
women with pain in the pelvis are currently poorly studied, a research agenda is presented. There
are a number of rationales to study the effect of promoting a healthy lifestyle (early) in a woman’s life
with regard to the prevention and management of pain in the pelvis. Indeed, lifestyle interventions
might have, amongst others, anti-inflammatory, stress-reducing and/or sleep-improving effects,
which might positively affect the experience of pain. Research to disentangle the relationship between
lifestyle factors, such as physical activity level, sleep, diet, smoking, and psychological distress, and
the experience of pain in the pelvis is, therefore, needed. Studies which address the development of
management strategies for adapting lifestyles that are specifically tailored to women with pain in the
pelvis, and as such take hormonal status, life events and context, into account, are required. Towards
clinicians, we suggest making use of the window of opportunity to prevent a potential transition
from localized or periodic pain in the pelvis (e.g., dysmenorrhea or pain during pregnancy and after
delivery) towards persistent chronic pain, by promoting a healthy lifestyle and applying appropriate
pain management.

Keywords: chronic pelvic pain; endometriosis; pelvic girdle pain; lifestyle factors; pain management;
physical activity/exercise; (di)stress; sleep; diet; smoking
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1. Introduction

During their lifespans, women are at a high risk for experiencing pain complaints in
the pelvic region due to gynecologic and obstetric reasons. Indeed, hormonal changes in
the menstruation cycle are typically associated with pain in the pelvis [1]. Most women
experience pain for one or more days of the menstruation period, for which pain killers or
hormonal contraceptive pills are the first-choice treatment. However, this pharmacological
treatment is not sufficient for pain reduction in an important subgroup of women [2], result-
ing in recurrent or persistent pelvic pain, such in women who experience endometriosis-
related pelvic pain [3]. Severe dysmenorrhea (pain during the menstrual period) is a
cardinal symptom of endometriosis and is known to have a high social impact as it is
often associated with absence from school or work [1]. Apart from endometriosis-related
pelvic pain, pain in the pelvis also occurs in relation to pregnancy and childbirth [4]. Such
pregnancy-related pelvic girdle pain (PGP) is suggested to relate to both hormonal, muscu-
loskeletal and biomechanical changes [4,5]. The pain intensity is often severe enough to
hinder pregnant women or women in the postpartum period to participate in activities of
daily living, including work [4,6-8]. Since pharmacological treatment is not the first choice
for pain management for many pregnant or breast-feeding women, other conservative
approaches, such as physical therapy, are generally applied [4,9]. However, this care is not
considered successful in appropriately alleviating pain in a subgroup of women with PGP,
or is not consistently offered to women with PGP [10].

Indeed, women experiencing pain in the pelvis (endometriosis-related pelvic pain
and pregnancy-related PGP) are not consistently guided towards appropriate treatment
for their pain complaint. It is even more disturbing that these women are often told that
their experienced pain should be considered ‘normal’, and inextricably linked to being a
woman [3,11]. Apart of being unethical, such a message also contributes to the fact that
many women seek too little help for a pain complaint that may be treatable [10]. This might
result in the fact that an initial pain experience, e.g., experienced during menstruation
or pregnancy or immediately following childbirth, evolves towards persistent pain in
the pelvis.

To improve this current practice, knowledge on adequate treatment approaches for
reducing pain in women with pain in the pelvis is required. It is furthermore believed
that adequate strategies to prevent an increase in pain during periods of life in which a
hormone or pregnancy-related pain can be foreseen, are of even greater importance. In this
context, the effect of lifestyle changes on pain has received more attention in recent years.
There are many possible causes for pain in the pelvis, and in this review we focus on two
common disorders related to specific painful events during lifespan of women to point out
the possibility to prevent development of chronic pain. However, to understand why a
healthy lifestyle might be effective in reducing pain in women with endometriosis-related
pelvic pain and pregnancy-related PGP, more information about the pathophysiology of
these conditions is first provided.

1.1. Endometriosis-Related Chronic Pelvic Pain

Endometriosis is, with a reported prevalence around 10%, a very common condition
among women of childbearing age, and one of the most common structural causes of
chronic pelvic pain [3,12]. It is classically defined as an estrogen-dependent, chronic in-
flammatory condition in which the endometrium of the uterus grows outside the uterus by
implantation of endometrial cells and creates an inflammatory response of the surrounding
tissue. Both superficial lesions on the peritoneum, ovarian endometriosis and a more
aggressive deep infiltrating type that may obstruct the intestines or bladder, have been
reported [13]. In this context, increasing evidence suggests that endometriosis should be
considered a systemic disease, not only restricted to the pelvis [3]. Indeed, endometriosis
is reported to co-exist with other conditions such as irritable bowel syndrome, mental
health disorders, central sensitization and pain conditions (fibromyalgia, migraine), and
immunological conditions (e.g., rheumatoid arthritis, multiple sclerosis) [13,14]. Given
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these multiple facets of endometriosis, its diagnosis is currently very challenging [13],
resulting commonly in a delay in diagnosis of multiple years [3,13,15,16].

Variable clinical symptoms are related to endometriosis. Typical pain symptoms in
women with endometriosis are (a)cyclic pelvic pain, dysmenorrhea and pain at ovula-
tion [3,13,15]. This may be combined with radiating pain to the lower back, groin and
thighs, as well as deep intercourse pain [3]. Bladder problems, difficulties in emptying the
bowel and infertility can be attributed to endometriosis as well [17]. Given these debilitating
symptoms, endometriosis might affect a woman’s physical, mental and social well-being,
her quality of life and her work ability [18]. These, in turn, are related to higher levels of
psychological distress. Furthermore, poorer sleep quality, endometriosis-related fatigue
and physical deconditioning are reported in women suffering from endometriosis [19].

Current first-line treatment for endometriosis is conservative pharmacological care,
and surgical procedures when pharmacological options are ineffective or with deep infil-
trating endometriosis. However, for a large group of women, endometriosis recurs after
surgical treatment or are ineffective, as evident from the large rate of (50%) [3]. In this
context, the link between the grade of laparoscopic detected lesions and level of symp-
toms is also inconsistent [3]. This emphasizes the value of looking beyond tissue-related
aspects and to look for treatment options addressing the mechanisms underlying symp-
tom development. Therefore, it seems valuable to take a closer look into the lifestyle of
women suffering symptomatic endometriosis. As endometriosis is considered an inflam-
matory and estrogen-dependent disease, targeting lifestyle factors that influence these
factors can open the path for multiple conservative treatment options for women with
endometriosis-related pelvic pain (e.g., dietary intervention, physical activity, sleep man-
agement). Thereby, the anti-inflammatory effect of a healthy lifestyle might positively
influence pain perception given the association between inflammatory mediators and
peripheral as well as central sensitization [20].

1.2. Pregnancy-Related Pelvic Girdle Pain

Pregnancy-related PGP is reported by 50% of pregnant women globally [4,5,10]. PGP
is classified by its pain location, i.e., between the posterior iliac crest and the gluteal fold,
most commonly around the sacroiliac joints and /or pubic bone, sometimes with radiating
pain in the thighs, with onset close to, or within three weeks of delivery [5]. For the
classification of PGP, it is recommended that the pain is reproduced during clinical pain
provocations tests and that it is associated with, and time-dependent on, weight bearing
activities. Typical symptoms of PGP, both during and after pregnancy are a decrease
in endurance in standing, walking, and sitting (often within 30 min of activity) [4,21]
which lead to limitations in daily functioning [6-8], and at work [4,22]. Since PGP is
mostly related to pregnancy, it is expected to disappear when pregnancy-related changes
disappear after birth [6], which is true for the majority of women [23]. However up
to 11 years after pregnancy, 10% of women report persistent and per definition chronic
PGP [8]. The etiology of PGP is multifactorial. One suggested cause of PGP is inefficient
neuromuscular control [4,5] related to hormonal changes during pregnancy. However, a
systematic review of evidence on whether this results in pelvic instability causing PGP is
low [24]. In women with PGP, higher prevalence rates of prenatal anxiety and depressive
symptoms are reported in comparison to pregnant women without pain [25,26]. This
co-occurrence of pain with anxiety and depression continues in women with chronic PGP,
who also seem to have less general self-efficacy than women who recovered from PGP after
pregnancy [8]. Furthermore, from a recent cohort study [27], lack of physical activity was
added as a predisposing factor for pain in the lumbo-pelvic area in pregnancy together with
the hitherto reported previous history of pain in the lumbo-pelvic area, low job satisfaction,
and increased weight during pregnancy [4].

In general, the evidence is low for the effectiveness of interventions for PGP [4,9]. As
PGP treatment, acupuncture shows the most coherent findings in the literature [4,9,28].
Other suggested treatment strategies are the application of a pelvic belt and exercises [4,9].

23



J. Clin. Med. 2021, 10, 5397

In recent years, a cognitive behavioral approach and self-management strategies have been
proposed for women with PGP [29]. In the above-described context, it seems valuable to
take a closer look into the lifestyle factors of women suffering from PGP.

1.3. Lifestyle Factors in Chronic Pain in the Pelvis

Within the chronic pain field, there is cumulating evidence that unhealthy lifestyle
factors such as physical inactivity, increased psychological distress, poor sleep, unhealthy
diet, and smoking are associated with chronic pain severity and sustainment [30-32]. A
proposed mechanism underlying the association between lifestyle and pain in this regard
is related to inflammatory mediators. For example, it is known that in chronic pain pa-
tients, disturbed sleep modulates the endogenous inhibitory pain control system, produces
changes in the hypothalamic-pituitary-adrenal axis and induces aberrant inflammatory
reactions [33]. Specifically in relation to pregnancy, an increase in inflammatory biomarkers
in sleep-deprived pregnant women in comparison to non-pregnant has been reported [34].
Even after pregnancy, an inflammatory response with increased cytokine levels is associated
with short sleep duration [35].

Within the field of pain in the pelvis, the scientific literature points towards the role
of lifestyle on pain. Being overweight/obese or experiencing emotional distress during
pregnancy have been associated with less recovery at 3-6 months after pregnancy when the
natural course of PGP is over [36]. In women with chronic PGP, level of physical activity,
exercises, sleep quality and distress are associated with pain perception [8]. Regarding
lifestyle factors and endometriosis, poor sleep quality is reported to be associated with
pelvic pain [37].

An increased understanding of the role of exercise, insomnia, diet, and other lifestyle
factors on the perception of pain in women with pain in the pelvis is assumed to provide
treatment opportunities to optimize current care. Of even greater importance, such under-
standing on the role of lifestyle factors in the development and maintenance of pain in the
pelvis, can provide invaluable knowledge on how we might develop prevention strategies
for severe pain in the pelvis. This is of utmost importance, since it can be theorized that
painful experiences early in a woman’s life that are not handled according to the best of
knowledge, might be a reason why higher rates of chronic pain in women as compared
to men are reported [38,39]. Therefore, in the early stages, when pain in the pelvis can be
expected, there is a window of opportunity to take the right preventive actions, with good
pain management strategies, and possibly by advocating a healthy lifestyle.

This review aims to give an overview of the best evidence on the role of lifestyle
factors in the development or maintenance of pain in the pelvis in women related to
common painful events during their lifespan. Since very few studies are published in
the field, a systematic review was not considered feasible. A best-evidence review was
considered the appropriate format to explore the field and to present a research agenda. A
best-evidence synthesis of the effect of lifestyle interventions on women with pain in the
pelvis is provided. The best evidence knowledge is reviewed in a way such that clinicians
can integrate the evidence into their daily clinical routine. In addition, the state-of-the-art
overview also serves clinical researchers in building upon the best evidence for designing
future trials, implementation studies, and to develop new innovative studies.

2. State-of-the-Art

For this best-evidence review, the following lifestyle factors were defined a priori:
physical (in)activity, exercise, sleep, psychological distress, food intake, tobacco use, smok-
ing and alcohol consumption. With regard to the interventions for these lifestyle factors,
only active interventions such as exercise, psychologically informed approaches, cog-
nitive behavioral therapy, dietary interventions (focusing on altering food uptake) and
multimodal approaches, were considered. Studies on surgical procedures, pharmaceu-
tical treatment in isolation (including supplements e.g., vitamin supplements), Chinese
medicine and passive treatments such as acupuncture, in isolation, were not eligible.
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A nonsystematic search of scientific studies was performed in MEDLINE (PubMed),
and web-of-science from their inception to August 2021, using the following search terms:
((endometriosis OR pelvic girdle pain OR lumbopelvic pain) AND (physical activity OR
exercise* OR insomnia OR sleep OR stress OR diet OR nutrition OR smoking OR tobacco
OR alcohol). The searches were conducted by two researchers (AG and LDB) independently.
To minimize selection bias and to ensure high quality evidence was selected, systematic
reviews and meta-analyses in accordance with PRISMA guidelines were preferred. If
these were not available, narrative, and critical reviews were selected. Recent high-quality
prospective studies and randomized clinical trials (RCTs) not already included in systematic
reviews were also included, as well as information from large population-based cohorts.

Physical activity and exercise were defined as any bodily movement generated by
skeletal muscles resulting in energy expenditure above resting levels [40]. The use of the
terms ‘physical activity” and ‘exercise’ in the included studies was not consistently in accor-
dance with published definitions [40], and the terms were sometimes used interchangeably.
Therefore, this review was not able to differentiate between interventions for either of them.

To retrieve all relevant articles within the area of PGP, a search was done for both PGP
and lumbopelvic pain (LPP), since the latter term is often used when the studies do not
distinguish between PGP and combined pain from the lumbar and pelvic areas [41]. Some
authors have used the term low back pain (LBP) for pain in the lumbar area and evaluated
the subgroup with LBP separately e.g., Weis et al., [42], which is also presented separately
in our review.

3. Endometriosis-Related Chronic Pelvic Pain and Lifestyle Factors

Seven systematic reviews were found that were prepared and outlined in accordance
with the PRISMA guidelines. Of these reviews, four provided a narrative synthesis of
their data due to study heterogeneity (design, research questions, outcomes, interventions,
etc.). Three studies performed a meta-analysis. Characteristics of the included systematic
reviews and meta-analyses, together with their main results and level of evidence (if
applicable) are outlined in Table 1.

In the text that follows, the results of the systematic reviews and meta-analyses are de-
scribed, together with the results of narrative/critical reviews and recent original studies.
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3.1. Physical Activity and Exercise

Two systematic reviews reported on endometriosis and physical activity /exercise.
Hansen and colleagues (2021) studied the recent evidence on the impact of exercise on pain
perception in women with endometriosis [43]. No general positive effect of exercise on pain
could be concluded. However, the included studies were generally of high risk of bias. Ricci
et al. (2016) studied the role of physical activity on the risk for endometriosis [44]. In their
meta-analysis, women with endometriosis performing recent physical activity, and women
performing physical activity in the past, were included. The pooled estimate of adjusted
odds ratios for current exercise indicated a significantly protective effect of exercise, but
the overall estimates did not reach levels of significance. Furthermore, the review did not
specify the influence of physical activity on pain symptoms. The aforementioned results
are in line with the results of the earlier published narrative review of Bonocher et al.
(2014) that assessed the relationship between physical exercise and the prevalence and/or
improvement of symptoms associated with endometriosis [50].

The data available are inconclusive regarding the benefits of physical exercise on the
risk of endometriosis, and no firm data exist on the added value of physical activity on
pain in women with endometriosis.

3.2. Psychological Distress

One systematic review was found that assessed the effectiveness of psychological
and mind-body interventions to improve pain, psychological distress, sleep and fatigue
in women with endometriosis [48]. The studies assessed the value of yoga, mindfulness,
relaxation training, cognitive behavioral therapy combined with physical therapy, Chinese
medicine combined with psychotherapy, and biofeedback. No firm conclusions could be
drawn given the high variety of interventions and designs. Most studies were considered
pilot studies. However, the results of the studies suggested that psychological and mind-
body interventions are promising avenues to decrease pain, anxiety, depression, distress,
and fatigue in women with endometriosis.

3.3. Sleep

No systematic nor narrative reviews on the role of insomnia on pain in women
with endometriosis were found, nor on the effectiveness of sleep interventions on pain
symptoms in women with endometriosis. No recent original prospective cohort studies or
intervention studies regarding this topic were found.

Arion et al., (2020) performed a quantitative analysis of sleep quality in women
with surgically confirmed endometriosis to assess which variables were associated with
poorer sleep [51]. Based on regression analyses, the following factors were independently
associated with poorer sleep: functional quality of life, more depressive symptoms and
painful bladder syndrome. In a former cross-sectional study on the sleep quality of
women with endometriosis and the relation between sleep quality and pressure pain
thresholds, sleep quality was significantly poorer in women with endometriosis compared
to women without endometriosis [52]. Furthermore, the pressure pain threshold in the
greater trochanter and abdomen was significantly lower in women with endometriosis
when compared to women without endometriosis, which is indicative of an increased
central sensitivity; however, there was no difference in pain intensity between women with
and without endometriosis.

3.4. Diet

Huijs and Nap (2020) performed a literature search to gain insights into the role
of nutrients on the symptoms of women with surgically or magnetic resonance imag-
ing/ultrasound confirmed endometriosis [45]. Using the GRADE criteria, the quality of the
evidence in this review turned out to be low to very low. It was suggested that the intake
of additional fatty acids, antioxidants and a combination of vitamins and minerals could
have a positive effect on endometriosis-associated symptoms.
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Nirgianakis et al., (2021) performed a systematic review on the effectiveness of dietary
interventions in the treatment of endometriosis [46]. Changes in endometriosis-associated
symptoms measured with pain scales or patient-reported quality of life outcomes were
the outcomes of interest in this systematic review. Different dietary interventions were
assessed, including: supplementation of vitamin D; supplementation of vitamins A, C, and
E; supplementation of omega-3/6, quercetin, vitamin B3, 5-methyltetrahydrofolate calcium
salt, turmeric, and parthenium; Mediterranean diet; low-FODMAP diet; low nickel diet;
gluten-free diet, and individual diet changes. Most studies identified a positive effect of the
dietary intervention on endometriosis symptoms. However, all studies were of moderate
and/or high-risk risk of bias limiting the validity of the results. Furthermore, it was not
possible based on the available evidence to identify certain subcategories of patients, which
would be more likely to benefit from a dietary intervention. In addition, it was not possible,
based on the current literature, to identify specific dietary interventions that would ameliorate
certain endometriosis-associated symptoms. Therefore, it was concluded that more, and
especially higher quality original studies, are needed to draw conclusions on the effectiveness
of dietary intervention on pain in women with endometriosis.

Recently, Qi et al., (2021) performed a systematic review and dose-response meta-analysis
to investigate the association between dairy products and the risk of endometriosis, and to
evaluate the amount of dairy intake affecting the risk of endometriosis [47], though the effect on
pain perception was not taken into consideration. Based on the meta-analysis results, the authors
concluded that the intake of dairy products was associated with a reduction in endometriosis
when the average daily intake was three servings or more. When analyzed according to the
specific type of dairy product, it was suggested that females with a higher high-fat dairy and
cheese intake were at lower risk of endometriosis. Regarding butter intake, it was suggested
that high intake was related to an increased risk of endometriosis. All studies included in this
meta-analysis were of high quality, as based on the Newcastle-Ottawa Scale [53].

Additionally, Helbig et al., (2021) performed a literature search for articles from 2000 on-
wards to answer the question whether diet influences the risk for and progression of endometrio-
sis or whether it influences the postoperative condition [54]. This review did not take the effect
of diet on pain symptoms into account. Based on the evidence, it was suggested that fish oil cap-
sules in combination with vitamin B12 were associated with a positive effect on endometriosis
symptoms (particularly of dysmenorrhea). It was reported that alcohol and increased consump-
tion of red meat and trans-fats were associated with a negative effect on endometriosis. The
results of the studies listed with regard to fruit and vegetables, dairy products, unsaturated fats,
fibre, soy products and coffee were not clear.

In conclusion, no high-qualitative prospective data on the role of diet (which food
products and in which amounts) in the development and maintenance of pain in women
with endometriosis are available. Furthermore, no firm data exist on the added value of
dietary interventions on pain in women with endometriosis, given the low study quality of
currently existing trials.

3.5. Tobacco/Alcohol Use

One systematic review and meta-analysis studied the relation between tobacco smok-
ing and endometriosis risk. No evidence for an association between tobacco smoking
and risk of endometriosis was found [49]. When subgroups were considered, i.e., never
smokers vs. former smokers, current smokers, moderate smokers or heavy smokers, no
statistically significant associations were reported.

4. Pelvic Girdle Pain and Lifestyle Factors

Seven systematic reviews were found that evaluated lifestyle intervention for PGP
prepared and outlined in accordance with the PRISMA guidelines. Of these reviews, five
studies performed a meta-analysis. Characteristics of the included systematic reviews
and meta-analyses, together with their main results and level of evidence are outlined
in Table 2.
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In the text that follows, the results of the systematic reviews and meta-analyses are
described, together with the results of narrative/critical reviews and recent original studies.

4.1. Physical Activity and Exercise

Seven systematic reviews, performed according to PRISMA, reported on physical
activity /exercise as management of PGP. Weis et al., (2020) conducted two systematic
reviews on systematic reviews and RCTs to assess the effectiveness of chiropractic care
options including exercises commonly used for pregnancy-related PGP, LPP and LBP
during pregnancy [55] and postpartum [42]. For PGP in pregnancy, there was inconclusive
evidence that an exercise program was more effective to decrease pain and disability
compared with standard treatment [55]. For LPP, it was found that exercise had unclear
outcomes on improvements in function (moderate strength evidence), and that exercise
reduced the prevalence of LPP. This latter was reported in most included systematic reviews.
For LBP, studies had inconclusive strength evidence with favorable outcomes on decreased
pain and disability. From a systematic review focusing on the postpartum period [42],
there was moderate evidence with no clear outcomes to suggest exercise as treatment
for or prevention of PGP, since only one of three included systematic reviews stated the
additional effect of exercises at reducing pain and disability. No firm conclusion could
be drawn for LPP, but the authors reported some evidence which indicated that exercises
could relieve LPP. There were no results for LBP postpartum. Davenport et al., (2019)
performed a systematic review to investigate the relationship between the performance
of prenatal exercises and PGP, LPP as well as LBP [56]. Based on very low-to-moderate
quality evidence, prenatal exercise compared to no exercise during pregnancy did decrease
pain severity in pregnancy and at postpartum but did not reduce the odds of suffering
from PGP, LPP and LBP either in pregnancy or at postpartum.

Almousa et al., (2018) evaluated the effectiveness of stabilizing exercises in PGP during
pregnancy and postpartum in a systematic review [57]. They concluded that there was
limited evidence that stabilizing exercises decreased pain and improved quality of life
during pregnancy and postpartum. Shiri et al., (2018) did a meta-analysis of RCTs to study
the value of exercise in the prevention of PGP and LBP [58]. They concluded that exercise
reduced the risk of LBP in pregnancy by 9% but that exercise had no effect on PGP or LPP.
Additionally, exercise prevented new episodes of sick leave due to LPP. Liddle and Pennick
(2015) performed a systematic review according to Cochrane Collaboration’s tool to update
the evidence on the effects of any intervention including exercise to prevent or treat PGP,
LPP or LBP during pregnancy [4]. Low-quality evidence showed no significant difference
in the prevalence of PGP or LBP from exercise. Low-quality evidence showed that any
land-based exercise significantly reduced pain and disability from LBP. Moderate-quality
evidence showed reduced the prevalence of LPP from 8-12 weeks of exercises.

Tseng et al., (2015) aimed to synthesize evidence from RCTs on the effectiveness of
exercise on LPP in postpartum women [59]. Based on four RCTs they concluded that there
was some evidence to indicate the effectiveness of exercise for relieving LPP but more trials
were need to ascertain the most effective postpartum exercise programs.

Even though not proven to reduce the risk of developing PGP [56,58], a recent system-
atic review on physical activity and exercise in relation to pregnancy reported decreased
severity of PGP and LPP [56]. Davenport et al. reported their intervention results separated
as ‘exercise only’ or ‘exercise plus co-intervention’ [56], which could explain the somewhat
different result to another recent systematic review that reported inconclusive, although
favorable, evidence for exercises in pregnancy [55] as well as at postpartum [42]. These
latest results confirm the most recent Cochrane review on exercise in pregnancy for LPP
and LBP, but not the previous result of no effect for PGP [4]. The newer result, that exercise
can reduce the severity of PGP, may be explained by more studies to build evidence on.
Likewise, the number of studies to build the evidence on is probably the explanation
of some other previously limited [57], inconclusive evidence [59] reported. The recent
results confirm an earlier narrative review on LBP and PGP by Stuge (2015), where it was
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concluded that there is evidence of moderate quality that exercise reduced pain intensity
but not prevalence [60].

Various types of exercises including general physical activity, low impact aerobic
exercise such as walking, stabilizing exercises, resistance training, and other forms of
exercises such as Yoga, or the combination of different exercises, have been evaluated for
their effectiveness in PGP, LPP and LBP in the included systematic reviews. Systematic
reviews usually include all exercise types together. Only one identified systematic review
differentiated exercise only from exercise with co-interventions [56], but no significant dif-
ference between pooled estimates could be seen (pregnancy p = 0.24; postpartum p = 0.70).
At this time, there is insufficient evidence to determine whether one type of exercise is
superior to another or whether exercise should be combined with other interventions and,
in that case, which co-intervention(s). One identified systematic review that focused on
group training for LPP reported no effect as treatment of LPP among pregnant women but
reported group training to be effective after pregnancy [61].

From four population-based cohort studies in Brazil, it was reported that 41.9% of
3827 pregnant women reported LBP of any type, and 10% of women during pregnancy
reached recommended levels of physical activity [62]. The authors concluded that meeting
the recommended levels of physical activity during pregnancy was associated with less
activity limitation related to LBP during pregnancy. However, physical activity levels,
either before (3 coefficient: 0.07; 95% CI, —0.25 to 0.38) or during pregnancy (3 coefficient:
—0.07; 95% CI, —0.46 to 0.33), were not associated with pain intensity, care seeking, and
postpartum LBP [62]. After pregnancy, physical activity level was continuously subopti-
mal for many women [63]. Recently, it was reported that sedentary behavior after birth
was associated with persistent LPP in primiparas, but not multiparas [64]. The authors
interpreted this to be a result of multiparas needing to be more active when raising an
older child.

4.2. Psychological Distress

No systematic nor narrative reviews on the effectiveness of (di)stress interventions on
pain symptoms in women with PGP were found.

In a recent systematic review on prognostic factors, experiencing emotional distress
during pregnancy was associated with less recovery and severe pelvic girdle syndrome at
6 months after pregnancy, when the natural course of PGP is over (1 = 40,029; Adjusted
Odds Ratio (AOR) 1.3, 95% CI (1.1-1.5) [36]. The findings need to be taken with caution
since quality of evidence according to GRADE was low to very low. Distress during
pregnancy has also been associated with chronic PGP after delivery [65]. The conclusion is
that there are indications that distress can affect PGP and its course and that this needs to
be studied in more detail both within a prevention as well as a curative context.

4.3. Sleep

There was no identified systematic review regarding the effect of sleep management
on PGP. Among pregnant women with pain in the lumbopelvic area, a high-pain group
reported worse emotional health and poorer sleep quality than controls without pain [66].
Sleep disturbance has also been associated with persistent PGP and LPP at 4 months
after pregnancy, even after adjustment for possible confounding variables such as BMI,
parity, age, and history of LPP [67]. Sleep impairment related to quantity and adequacy
of sleep has been associated with women with moderate disability from persistent PGP
after pregnancy [68]. Different to these results, in a recent study the moderate or severe
sleeping complaints associated with PGP disappeared after adjustment for depression [69].
This might be explained by the comorbidity of PGP and depression [26]. Many women
experience disturbed sleep during pregnancy due to continuous hormonal-related changes
of the body, need of nocturia and movement from the fetus. It is also known that around
50% of women get disturbed sleep during the first years of parenthood due to nighttime
feeding and nocturnal awakening among infants [70,71].
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To conclude, there is no evidence of sleep interventions for PGP. However, concern-
ing the prevalence of sleep disturbance in relation to pregnancy and early childhood of
women, there are indications of the importance of sleep as a lifestyle factor in women with
chronic PGP.

4.4. Diet

There was no identified systematic review on the effectiveness of dietary interventions
in the treatment of PGP. However, if an unhealthy diet leads to a high body mass index
(BMI) there are some associations to consider. A systematic review reported an association
between a BMI of 25 or more and having persistent PGP 12 weeks after pregnancy (n = 179;
AOR 2.1, 95% CI 1.0-4.5) [36]. From the same study, it was reported that obese women
(BMI 30 or more) had higher odds to have persistent pelvic girdle syndrome (n = 27,025;
AOR 1.8, 95% CI 1.5-2.0) and severe pelvic girdle syndrome at 6 months (n = 27,025;
AOR 1.6, 95% CI 1.1-2.4). Pre-pregnancy BMI > 25 was shown as a risk factor for chronic
PGP in another recent systematic review [72]. Since interaction between factors could not
be done in a multivariate analysis, the results should be taken with care [72].

Lifestyle intervention of physical activity in general in relation to pregnancy and
postpartum are often focused on BMI as an outcome [73,74]. Effectiveness of a combination
of diet and physical activity consistently showed a reduction in mean gestational weight
gain during pregnancy and postnatal weight retention [75]. There were no reports on
musculoskeletal pain of the studied groups, but from a coherent literature on PGP it is can
be assumed that about 50% of the women had PGP in pregnancy and around 25% had
persistent PGP after birth [4]. A major part of women used walking as physical activity
intervention in the studies that reported types of physical activity [76,77]. Interesting
to consider is whether professional individualized exercise advice would have further
improved the outcomes.

Although no systematic review on PGP and diet was identified, there seems to be
promising results of intervention for a combination of diet and physical activity in relation
to pregnancy that needs further exploration of possible effects on chronic PGP.

4.5. Tobacco/Alcohol Use

There was no identified systematic review regarding the effect of tobacco or alcohol
interventions on PGP.

In a systematic review on prognostic factors, Wuytack et al. reported an association
with occasional smoking (1 = 38,865; AOR 1.3, 95% CI 1.0-1.6), but not daily smoking, in
women with pelvic girdle syndrome at 6 months postpartum [36].

5. Future Directions for Clinical Practice

In line with the World Health Organization’s (WHO), a stronger focus towards a
healthy lifestyle is recommended, i.e., being physically active for better health and for
preventing noncommunicable diseases such as diabetes, cancer, and cardiovascular dis-
ease [78]. In the action plan for the prevention of long-term disability from LBP [79] and
chronic pain in general across the lifespan [80], a positive health concept as an overarching
strategic approach is emphasized. In this, a positive health concept entails, among others,
learning to cope with a chronic health problem through self-management strategies. A
healthier lifestyle promoting physical activity and staying active despite pain, maintaining
a healthy weight, and promoting mental health, are in this context primary prevention
strategies for chronic disability [79,80]. When specifically looking into the results of this
state-of-the-art paper on lifestyle factors and their role in women with pain in the pelvis,
only a few recommendations can be made based on the available literature. Regarding
physical activity and exercise, encouraging women to be physically active and to exercise is
supported to some extent. Nonetheless, because physical activity and exercises of different
intensity, frequency, duration, and type were used in the available evidence, no specific
recommendations regarding this point can be made. The available evidence on lifestyle
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factors such as sleep, (di)stress, diet, and tobacco/alcohol use for women with pain in
the pelvis is inconclusive, since very few studies are available, and the studies which are
available are of general low quality. Furthermore, most studies did not focus on the role
of targeting lifestyle factors with the aim of improving pain in the pelvis. Therefore, no
specific recommendations on the application of management strategies for these lifestyle
factors can be provided.

We can, however, approach pain management in women with pain in the pelvis from
a modern pain management point of view, which includes the management of lifestyle
factors. Indeed, modern pain management implies change in the focus from pain reduction
to pain management, i.e., managing thoughts and feelings related to pain (i.e., catastrophic
worry), thereby influencing knowledge about pain [81-83] and providing opportunities for
behavioral change towards a more active and healthier lifestyle. It also implies accurate
self-management, which supports autonomy, and includes educational and supportive
interventions to increase the skills and confidence for persons in pain to manage their
health problems [84].

For women who are prone to pain experiences early in life, as related to menstru-
ation [85] and pregnancy [4], learning healthy pain management is a priority. This in-
cludes the assessment and management of the individual woman with pain in the pelvis,
taking into account her history, her present context and framing her messages into bio-
psycho-social and bio-inflammatory-psychological perspectives [29,86-90]. In this context,
it is important for women who experience pain (cyclic pain from menstruation, local
pregnancy-related pain, persistent pain at postpartum) to learn to approach activity despite
pain. Indeed, physical activity has been described as a way to achieve exercise-induced
analgesia [85,91] and as a strategy to promote self-efficacy (because of the experience of
self-control [92], which is highly important given the relation between low self-efficacy
and the development of disability [84]. In the context of pain in the pelvis, it has been
shown that women with chronic PGP have less general self-efficacy than women who re-
covered from PGP after pregnancy [8]. From chronic pain science, it is known that physical
activity additionally might have sleep improving [93], stress-reducing [94] and general
anti-inflammatory effects [95], which are all relevant for optimal pain management [96].
Importantly, the intensity, volume, duration and type of activity that is most appropriate to
reach these effects in women with pain in the pelvis are not firmly studied [97].

Nonetheless, it is known that pain is considered an important barrier against physical
activity in women with pain in the pelvis [98]. For example, it is reported that women with
PGP during pregnancy are less likely to exercise regularly [99]. Walking is the most chosen
physical activity during pregnancy [77], but it is also the most painful physical activity when
suffering from PGP [9]. Thus, decreased physical activity in pregnancy could be partly
explained as a consequence of PGP. Importantly, women need to be guided into alternative
physical activities and exercises when walking is painful. Therefore, in order to motivate
women with pain in the pelvis to uptake physical activity despite tolerable levels of pain,
and to reach a behavioral change, the use of a person-centred approach is essential [89].
A person-centred approach may increase the alliance between the care provider and the
woman with pain in the pelvis, and subsequently lead to better adherence, improvements in
general health and satisfaction [100]. It is important to approach the worries and concerns
related to physical activity and exercise, e.g., how to interpret pain-increasing physical
activity, which is different for a nociceptive versus nociplastic dominant pain mechanism.
Pain neuroscience education is a known strategy that can reduce worries about pain by
informing the individual mechanism of the experienced pain and is considered essential
before starting physical activity interventions [81]. However, although it has been proven
effective in several chronic pain populations, the evidence in women with chronic pain in
the pelvis is still nonexistent [101].
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LIFESTYLE AS PART OF PELVIC PAIN PREVENTION AND PELVIC PAIN MANAGEMENT

PHYS ACTIVITY
EXERCISES

Prevention of Chronic Pain in the Pelvis

During the woman’s lifespan there are windows of opportunity to prevent the transi-
tion from localized and periodic pain in the pelvis (dysmenorrhea or from pregnancy) into
chronic pain (Figure 1).
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Pain neuroscience education as

PRE PREGNANCY POST PREGNANCY

a prerequisite for behavioral change and sustained lifestyle adaptations

Lifestyle adaptations as opportunity for
preventing pelvic pain
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preventing PGP during and after pregnancy
Lifestyle adaptations as opportunity for

Lifestyle adaptations as opportunity for
treating PGP after pregnancy
Lifestyle adaptations as opportunity for

preventing post-pregnancy chronic pelvic pain treating pelvic pain

Figure 1. Women are exposed to pain in the pelvis during their lifespan in relation to hormonal changes and pregnancy.

Lifestyle can influence the pain experience during the lifespan.

Pre-existing pro-inflammatory states increase the risk of chronification of pain [102].
During adolescence [103], and in relation to pregnancy [104], comorbid disorders of the
urogenital systems are common and require attention. Early pain management with
behavioral changes may reduce the risk of the transition towards chronic nociplastic pain
in such cases, as was suggested from a systematic review (based on low to very low-quality
evidence) [94].

Regarding the risk of chronic PGP, women at risk can be identified during pregnancy
by a clinical assessment. The number of positive pain provocations tests is an estab-
lished predictor of chronic PGP [8,105]. Pain provocation tests, as measures of increased
pain sensitivity, have also been suggested as indicators of systematic inflammation [90].
Widespread pain, a characteristic feature of central sensitization [106], has been identified
as the strongest predictor for a poor long-term outcome in women with PGP [107]. More-
over, it is reported that eleven years after PGP onset, women with chronic PGP show more
concern and depression then women who recover from the PGP after pregnancy [8]. This
observation supports the idea of cognitive-emotional sensitization in women with chronic
PGP [108]. Therefore, clinical assessment in women with pregnancy-related PGP needs
to contain at least pain provocation tests: a pain drawing to assess widespread pain and
an evaluation of concern and depression [109,110]. This way, women at risk for chronic
pain are identified and preventive interventions targeting the appropriate underlying
mechanism might avoid the development of long-term pain [111].

The promotion of a healthy physical activity level during pregnancy, when women are
extra prone to lifestyle changes [112], might improve health-promoting physical activity
after childbirth [113]. Importantly, mothers’ habits, including a healthy lifestyle, have
demonstrated a positive effect on the offspring, as healthy role modelling behaviors for in-
fants [74,87,112]. Current guidelines advise healthy pregnant women to follow the general
guidelines of weekly, evenly distributed, physical activity which last 150 min, performed at
a moderate intensity, plus two times per week resistance training [87]. Due to anatomical
and physiological changes, as well as foetal requirements, some modification of exercise
habits may be necessary. Reported barriers related to physical activity after pregnancy

40



J. Clin. Med. 2021, 10, 5397

have been related to capability (e.g., limitation in healthcare providers’ skills in providing
lifestyle support), opportunity (support from partners) and motivation (e.g., identifying
benefits of exercise) [74]. Therefore, it is important to focus on these barriers during preg-
nancy, and to find solutions on how to remove those obstacles [80]. In this context, it is
known that women with PGP having a lack of knowledge and lack of support and knowl-
edge from healthcare providers when seeking care, experience unmet needs [10,114,115].
Indeed, education and advice have been reported to positively influence pain, disability
and/or sick leave [116].

It is common for pregnant women to seek knowledge and advice on the internet.
However, it has been shown that bad advice flourishes and increases worries [117]. There-
fore, women need guidance in what knowledge to trust and how to individualize it for
their specific situation. This underlines the necessity for physical activity interventions and
exercise regimes in pregnant women, guided by health care professionals with adequate
education [86]. Indeed, expert advice and experiences on therapeutic exercise (with or
without co-interventions) during pregnancy is proven effective [118]. In clinical practice,
transcutaneous electric nerve stimulation and belts are common tools to support pain
self-management, with some evidence to support their use in PGP [4,9]. They are generally
seen as pain reduction tools but would rather be seen as tools to encourage appropriate
physical activity, as they enable physical activity at a tolerable pain level.

Lastly and importantly, the promotion of a healthy lifestyle does not exclude the
assessment of local nociception-inducing mechanisms in clinical examination and medical
assessment, in order to identify and treat specific symptoms related to disorders causing
pain in the pelvis.

6. Future Directions for Research

Women with pelvic pain due to severe dysmenorrhea are currently often told that
their pain should be considered normal. In women with PGP during pregnancy or after
delivery, pain is often considered a normal consequence of pregnancy and childbirth. Due
to this narrow view on pain management, many women are undertreated for complaints
that can be treatable. Since pain in the pelvis is associated with suffering, disability and a
low health-related quality of life [115,119,120], there is an urgent need to better understand
how to alleviate the suffering of women with pain in the pelvis, and to gain knowledge
on adequate strategies to prevent (chronic) pain in the pelvis. This state-of-the-art review
clearly shows that firm evidence on the role of lifestyle on pain, and on the effectiveness of
lifestyle interventions on pain symptoms in women with pain in the pelvis, are essentially
lacking. Therefore, we present a research agenda (Figure 2).

6.1. Pain Neuroscience Education: A Prerequisite for Sustained Lifestyle Adaptations in Women
with Pain in the Pelvis?

It could be theorized that teaching women the science behind pain and the mechanisms
related to pain in the pelvis (such as lifestyle factors) could be a strong protective factor for
developing chronic pain in the pelvis throughout life and for intrinsically motivating them
for a sustained engagement in a healthy lifestyle. Thereby, pain neuroscience education in
the treatment of women with pelvic pain might provide women in pain with the necessary
information to reach a sustained change towards a more active and healthier lifestyle.
However, what pain neuroscience education in women with pelvic pain should look
like, and whether it is effective in changing beliefs and behaviors, and subsequently in
decreasing pain, should be a primary topic of research.

In this context, many questions related to pain education in women need to be con-
sidered. When during lifespan would it be optimal to educate women on pain which can
appear in relation to menstruation or in relation to pregnancy and at postpartum? This
question is of relevance as menstruation and pregnancy should not be medicalized, nor
should be neglected. The delivery mode of pain education related to menstruation and
pregnancy should also be considered. Can it be added to the curriculum in secondary
school, or should the message be spread at a societal level to reach all stakeholders? In
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this context, it is also pertinent to study the societal and health care providers’ ideas and
beliefs about pain in the pelvis. A reflection on which women would need to be educated
is another relevant topic in this regard; all women versus women experiencing painful
menstruation or PGP, versus women who are mothers experience pelvic pain? Further-
more, the content of the education to achieve the highest impact on women should be
explored. Information on all former topics can be studied using quantitative and qualitative
research approaches. This way, the barriers for optimal pain care on a patient’s, healthcare
provider’s and societal level can be identified, and necessary content for pain neuroscience
education for women with pain in the pelvis can be defined.
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Figure 2. Research agenda of the potential working mechanisms of lifestyle factors on pain reduction in chronic pain in the

pelvis, in parallel with pote

ntial management options.

6.2. A Broad View on Pain in Women with Pain in the Pelvis

Young menstruating women'’s pain experiences need to be better understood in the
development of disability and chronic pain in the pelvis. A better understanding of the
role of multiple factors, such as lifestyle, genetic, psychosocial and patho-anatomical fac-
tors as predictors for severe pain in the pelvis would create opportunities for developing
early preventive and curative strategies. The underlying effects related to lifestyle in-
terventions in endometriosis-related pelvic pain, such as an estrogen-dependent and an
anti-inflammatory effect, need to be further explored. Such information is necessary to
develop the specific content for pain neuroscience education programs in women with
pain in the pelvis.

In the context of pregnancy-related pain, the pregnancy period is a period charac-
terized by sleep deprivation, hormonal and psychological emotional changes, and less
physical activity. For women after childbirth, pelvic floor trauma is an additional challenge
in relation to lifestyle, besides those factors mentioned during pregnancy that all may pre-
vail after pregnancy. Through shared neurophysiological mechanisms, these factors may
contribute to the development of PGP in pregnancy and chronic PGP which lasts at post-
partum. In this, the dominant pain mechanism in pregnancy-related PGP needs to be better
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understood. Since widespread pain, a characteristic feature of central sensitization [106],
has been identified as the strongest predictor of poor long-term outcome in women with
PGP [107], more studies on the role of central sensitization in the development of chronic
PGP are needed to develop preventive strategies and individually tailored interventions
(e.g., personalized pain education and behavior treatment).

Furthermore, the potential of lifestyle adaptations, adapted to pregnancy, as an oppor-
tunity for preventing and decreasing the impact of PGP after pregnancy must be explored.
Research on how current treatments for lifestyle interventions such as cognitive behavioral
therapy as a sleep intervention [121], can be adapted specifically for women with pain
in the early time periods following childbirth, is of high priority. Indeed, women ask
for more knowledge and support on strategies to (self-)manage pain in relation to preg-
nancy [10,115]. Therefore, studies on the content and delivery method of pain management
programs in women with pregnancy-related pain in the pelvis are needed, i.e., how can
treatment be implemented with potential barriers to approaching a healthy lifestyle (e.g.,
common sleep deprivation due to pregnancy or young children)? In terms of delivery form,
management by means of mobile-and-internet-delivered programs for prevention, as well
as pain management programs, must be further explored.

It is of interest to explore which barriers towards a healthy lifestyle exist in women
with pain in the pelvis. It is, for example, of interest to explore whether transcutaneous
electric nerve stimulation can be used as a nonpharmacological treatment to influence
central sensitization in women with cyclic or periodic pain [122], and be an effective
treatment for staying active and exercising during painful periods. Pelvic floor disorders as
a consequence of childbirth need to be identified and managed, not only for the problems
themselves but also as barriers to exercise. It is known that pregnancy and vaginal delivery
are among the main risk factors for urinary and faecal incontinence [104], and that urinary
incontinence affects exercise participation in one in two symptomatic women. Pelvic
floor disorders including urinary and faecal incontinence, and pelvic floor prolapse are
reported barriers to exercise with a moderate or great effect in 39% of women (95% Cl: 22%,
57%) [123]. Therefore, it is clear that women with pelvic pain should always be approached
in a multidimensional way, by a multidisciplinary team. Indeed, chronic pain in the pelvis
requires competences from multiple disciplines that involve physiotherapists, midwives,
gynecologists, psychologists, occupational therapists, and pain specialized medical doctors.

Finally future research on PGP should consider the recent published core outcome set
of PGP to enable future compilation of results in systematic reviews [110]. To strengthen
the quality of the evidence, future studies would benefit from designing and presenting
results in accordance with accepted reporting standards (e.g., CONSORT and PRISMA).

7. Conclusions

During their lifespans, many women are exposed to pain in the pelvis in relation to
menstruation and pregnancy, which is often considered normal and inherently linked to
being a woman. This leads to insufficient treatment. Severe dysmenorrhea, as seen in
endometriosis and pregnancy-related PGP, has a great impact on daily activities, school
attendance and work ability. Lifestyle factors such as a low physical activity level, poor
sleep, or periods of (di)stress are all common in these challenging periods of women’s life.

Based on this state-of-the-art review, encouraging women with pain in the pelvis to be
physically active and to exercise is supported to some extent. Clinicians are suggested to
use a window of opportunity to prevent a potential transition from localized or periodic
pain in the pelvis (e.g., pain during pregnancy and after delivery or severe dysmenorrhea)
towards persistent chronic pain, by encouraging a healthy physical activity level and
applying appropriate pain management. The available evidence on lifestyle factors such as
sleep, (di)stress, diet, and tobacco/alcohol use is, however, inconclusive; very few studies
are available, and the studies which are available are of general low quality.

Research to disentangle the relationship between lifestyle factors, such as physical
activity level, sleep, diet, smoking, and psychological distress, and the experience of pain
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in the pelvis is highly needed. Studies which address the development of management
strategies for adapting lifestyle, which are specifically tailored to women with pain in the
pelvis, and take hormonal status, life events and context into account, are required.
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Abstract: Sleep is interrelated with the experience of chronic pain and represents a modifiable lifestyle
factor that may play an important role in the treatment of children and adolescents with chronic pain.
This is a topical review of assessment and treatment approaches to promote sleep health in children
and adolescents with chronic pain, which summarizes: relevant and recent systematic reviews,
meta-analyses, and methodologically sound prospective studies and clinical trials. Recommendations
are provided for best practices in the clinical assessment and treatment of sleep health in youth with
chronic pain. This overview can also provide researchers with foundational knowledge to build
upon the best evidence for future prospective studies, assessment and intervention development,
and novel clinical trials.

Keywords: child; adolescent; pediatric; chronic pain; sleep; insomnia

1. Introduction

Chronic pain is a major public health concern in children and adolescents, affecting up
to 40% of youth [1,2]. Chronic pain in childhood can be nociplastic (i.e., arising from altered
nociception in the central nervous system, such as fibromyalgia or central sensitization),
as well as disease-related (i.e., arthritis, sickle cell disease) [1,2]. Headache, abdominal
pain, and musculoskeletal pain are among the most common pain conditions in youth [1,2].
Across conditions, chronic pain in childhood is associated with decrements in children’s
physical, social, and psychological functioning (i.e., increased anxiety and depressive symp-
toms), and low health-related quality of life [3-10]. Longitudinal studies demonstrate that
having childhood chronic pain increases the risk for continuing chronic pain in adulthood,
as well as limitations in educational and vocational attainment in adulthood [11-16]. There-
fore, identifying factors that predict the development and maintenance of chronic pain in
children is an urgent priority.

Physical health conditions and lifestyle factors (e.g., sleep, physical activity, obesity)
are one set of vulnerability factors identified as important in chronic pain development
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and persistence [17]. In particular, sleep disorders and poor quality of sleep commonly co-
occur with chronic pain in youth. In a systematic review, Valrie and colleagues [18] found
strong evidence for increased sleep problems across samples of youth with both nociplastic
and diseases-related chronic pain conditions in comparison with healthy controls. For
example, over 50% of adolescents with chronic pain vs. 10% same-age adolescents without
pain endorse having significant insomnia symptoms [19]. Further, children with chronic
pain report poor sleep quality, have higher sleep anxiety, more bedtime resistance, more
frequent awakenings during the night, and more daytime fatigue than the controls [18].
Many cross-sectional studies in adolescents and adults with a variety of chronic pain
conditions indicate that sleep disturbances are associated with greater pain sensitivity, as
well as greater disability, poorer quality of life, and greater healthcare use and costs [19-22].
There is not only substantial evidence that chronic pain can disrupt sleep, but also that
sleep disturbances contribute to pain—a bidirectional association between sleep and pain
has been described.

Finan and colleagues [23] synthesized the evidence for the bidirectional effects of
sleep and pain in a systematic review. In the included studies that assessed unidirectional
effects of sleep on subsequent pain, there was a general consensus that sleep disturbance
could: (1) increase the risk for new incidences of chronic pain in pain free individuals,
(2) worsen long-term prognosis of existing headache and chronic musculoskeletal pain, and
(3) influence daily fluctuations in clinical pain. There was also complementing evidence
that good sleep improves long-term prognosis of individuals with tension-type headaches,
migraine, and chronic musculoskeletal pain. In the studies that assessed bidirectional
effects of sleep and pain, findings suggested that the direction of sleep to chronic pain were
more strongly supported than vice versa. For example, in one of the included studies by
Lewandowski and colleagues [24], adolescents with disrupted sleep on a given day had
increased pain on the subsequent day, yet the reverse direction of this relationship was not
significant. Overall, the direction of sleep disturbances influencing subsequent pain was
more consistently supported such as in Figure 1.

Daytime Pain Nighttime Sleep Daytime Pain

Figure 1. Direction of sleep—pain effects.

In this topical review, we use the term “sleep health” intentionally to highlight that
sleep occurs along a continuum and is an important broad contributor to health and well-
being. Sleep health is defined as “a multidimensional pattern of sleep-wakefulness, adapted
to individual, social, and environmental demands, that promotes physical and mental well-
being. Good sleep health is characterized by subjective satisfaction, appropriate timing,
adequate duration, high efficiency, and sustained alertness during waking hours” [25].

This state of the art review aims to provide an overview of the role of sleep health in
pediatric chronic pain, to present recommendations for clinical practice, and to provide
a research agenda for designing future trials and prospective studies. Because studies
consistently demonstrate that sleep disturbances are related to poor outcomes in children
with chronic pain, including high pain-related disability and low health-related quality
of life, sleep health has been proposed as a possible modifiable factor that may improve
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pain management for youth. We conducted a topical review to summarize the evidence
for sleep health interventions in youth with chronic pain and also to highlight evidence
in adult chronic pain, where gaps exist in the pediatric literature based on relevant and
recent systematic reviews, meta-analyses, and methodologically sound prospective studies
and clinical trials. We discuss future research needed to test the modulation of sleep as a
potential therapeutic strategy for pain relief and prevention in children and adolescents.

2. Approaches for Sleep Health Assessment in Pediatric Pain Populations

Sleep health is a multi-dimensional construct, therefore a variety of approaches can be
used in sleep assessment, including clinical interview, objective assessments, and self-report
measures. In general, multi-method assessments of sleep health are recommended where
possible in order to understand sleep patterns, sleep behaviors, perceptions of sleep quality,
and experiences of daytime sleepiness. In a systematic review, de la Vega & Miro [26] iden-
tified three assessment procedures that have been used to assess sleep health specifically in
adolescents with chronic pain: polysomnography, actigraphy, and questionnaires.

Polysomnography (PSG) is an objective measurement tool, and should be consid-
ered when evaluation of sleep stages and/or sleep-related breathing is indicated [26].
Polysomnography is the gold standard for diagnostic assessment of physiological causes
of sleep disturbance (e.g., obstructive sleep apnea, restless leg syndrome). PSG is usually
conducted in a specialized hospital sleep laboratory and is typically limited to a single
overnight assessment. There are some limited data on PSG to assess sleep in youth with [27]
chronic pain, mostly in small samples with rheumatological conditions [28,29], and it is not
yet clear how PSG may help with the evaluation or management of sleep complaints in
youth with chronic pain.

Daily sleep patterns in the adolescent’s home environment can be assessed using
actigraphy, which is a watch-like device worn on the wrist to record motor movements
using a continuous actimetry sensor [30-32]. Actigraphy has been used to describe habitual
sleep-wake patterns (e.g., sleep duration, sleep efficiency, time awake after sleep onset) and
to identify associations with other pain outcomes in youth with chronic pain [24,33-35]. In
other pediatric populations, actigraphy has been used to identify sleep disturbances such
as insomnia and hypersomnolence [32]. The most commonly used devices across studies
include the Actiwatch 2 (Philips Respironics, Murrysville, PA, USA) and the MicroMini-
Motionlogger (Ambulatory Monitoring, Inc., Ardsley, NY, USA). Unlike PSG, actigraphy
does not evaluate sleep stages or sleep-related breathing. Limitations of actigraphy include
possible misclassification of sleep—wake periods, where periods of high activity during
sleep are erroneously classified as time awake and periods of low activity during wake-
fulness are erroneously classified as sleep. To address this challenge, a daily sleep diary
should be used to validate periods of wake versus sleep on actigraphy [27,32,36]. There can
also be variability between different devices, placements, and scoring algorithms [27,36,37].
A multi-modal assessment of sleep (e.g., combining actigraphy with self-report question-
naires) can also help to address these limitations. Another potential limitation is the cost to
purchase and score actigraphy devices. While there are lower costs such as commercially
available wearable devices (e.g., Fitbit), the reliability and the validity for the measurement
of sleep patterns in pediatric populations are unknown.

Self-report measures are useful for identifying behavioral factors that are contributing
to sleep disturbances and can be used alone or in combination with objective measure-
ments. Three self-report questionnaire measures have been identified as “well-established”
for children and adolescents with chronic pain [26]: the Adolescent Sleep Wake Scale
(ASWS) [38], the Adolescent Sleep Hygiene Scale (ASHS) [38], and the Children’s Sleep
Habits Questionnaire (CSHQ) [39] (see Table 1). The ASWS and the ASHS are adolescent
self-report questionnaires that assess more targeted areas of behavioral sleep disturbances,
including perceived sleep quality (ASWS) and sleep habits (ASHS). One limitation of these
tools is the number of items and the length of administration, which are burdensome. To
address this barrier, Essner and colleagues [40] proposed a 10-item short-form version of
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the ASWS (ASWS-SF) based upon exploratory factor analyses with a broad sample of youth
with chronic health conditions, including youth with chronic pain, which has demonstrated
adequate reliability and validity in subsequent studies of youth with chronic pain and
co-occurring sleep disturbances [41,42]. The CSHQ is a multidimensional parent-report
measure that can be useful for screening for a wide range of medical and behavioral sleep
disorders in younger children.

Historically, a major gap in sleep assessment for youth has been the lack of brief
developmentally informed self-report tools to screen for insomnia symptoms. Insomnia is
characterized by persistent dissatisfaction with sleep quantity or quality that is associated
with difficulty falling asleep, maintaining sleep, and/or early morning waking which results
in daytime impairment [43]. Screening for insomnia is particularly important for youth
with chronic pain, given the high prevalence of insomnia symptoms in this population [19].
To address this gap in insomnia measurement, Bromberg et al., [44] developed the 13-item
Adolescent Insomnia Questionnaire (AIQ) and demonstrated acceptable psychometric
properties in a heterogeneous sample of adolescents with chronic pain and other chronic
health conditions. The ASWS-SF and AIQ are well-suited for use in clinical and research
settings due to their brevity, ease of scoring, and established reliability and validity in
pediatric chronic pain populations (see Table 1).

Table 1. Recommended self-report questionnaire assessments of sleep health for children and
adolescents with chronic pain.

Measure Name Domain Rﬁﬁ;e Reporter Items/Subscales gi:,:iz
Adolescent Slee 28 items, yields a total score and 5 subscale
p . 12-18 scores (Going to Bed, FallingAsleep, LeBourgeois
Wake Scale Sleep quality Youth A s
(ASWS) years Maintaining Sleep, Reinitiating Sleep, etal., [38]
Returning to Wakefulness)
Adolescent Sleep 12-18 10 items, yields a total score and 3 subscale Essner ot al
Wake Scale Short  Sleep quality cars Youth scores (Falling Asleep and Reinitiating Sleep, [40] N
Form (ASWS-SF) Y Returning to Wakefulness, Going to Bed)
28 items, yields a total score and 9 subscale
Adolescent Sleep B scores (Physiological, Cognitive, Emotional, .
Hygiene Scale Sleep habits 12-18 Youth Sleep Environment, Daytime Sleep, Substances, LeBourgeois
(ASHS) years Bedtime Routine, Sleep Stability, etal, [38]
Bed/Bedroom Sharing)
Children’s Sleep 45 items, y}elds a t.otal score and 8 sqbscale
. Sleep scores (Bedtime Resistance, Parasomnia, Sleep
Habits . 4-10 ! . Owens et al.,
Questionnaire disorders years Parent Onset Delay, Sleep Duration, Sleep Anxiety, 39]
screen Night Wakings, Sleep-Disordered Breathing,
(CSHQ) . .
Daytime Sleepiness)
Adolesce.nt . 13 items, yields a total score and 3 subscale
Insomnia Insomnia 11-18 . Bromberg et al.,
. . Youth scores (Sleep Onset, Sleep Maintenance, Sleep
Questionnaire screen years . . . . [44]
(AIQ) Dissatisfaction and Impairments)

3. Interventions to Improve Sleep Health in Pediatric Pain Populations:
Cognitive-Behavioral Therapy for Pain Management, Cognitive-Behavioral Therapy
for Insomnia, and Sleep Hygiene Education

In general, psychological and behavioral treatments have been used to improve sleep
health in children and adolescents [45-47]. There is limited rationale or evidence to use
pharmacotherapy to address sleep health in youth, especially when the most common
concerns center around behavioral insomnias [48,49].

Cognitive-behavioral therapy for pain management (CBT-Pain) is the gold standard
psychological intervention for youth with chronic pain [50,51]. CBT-Pain incorporates train-
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ing in cognitive skills, relaxation and distraction methods, and parent operant strategies in
order to support adaptive coping with pain and participation in normal daily activities [51].
Although sleep health is recognized as an important outcome for pediatric chronic pain
treatment [52], sleep has been rarely assessed or specifically targeted in psychosocial inter-
ventions. When sleep intervention is included, it is typically brief (one session or less) and
focused on sleep hygiene education [53]. Sleep assessment in trials of CBT-Pain has also
been limited, typically to a single modality (i.e., self-reported sleep quality or actigraphy).

A recent systematic review by Klausen et al., [54] found that sleep was reported as a
treatment outcome in only two published RCTs of CBT-Pain in pediatric samples [55,56].
Sleep assessments included a self-report measure of sleep quality [56] and seven days
of actigraphy monitoring [55]. Results were mixed. Findings from one trial indicated a
small but significant benefit from CBT-Pain on sleep quality relative to pain education
control [56], while the second trial found no difference in sleep duration or sleep efficiency
on actigraphy between CBT-Pain and usual care [55]. The different pattern of findings
between these two trials may reflect methodological differences in sleep assessment, as
each was limited to a single assessment modality (i.e., self-reported sleep quality [56] and
actigraphy [55]). In both trials, intervention specifically targeting sleep was limited to a
brief education about sleep hygiene.

Cognitive-behavioral therapy for insomnia (CBT-I) is recommended by the American
Academy of Sleep Medicine as a first line treatment for adults with sleep disturbances [57].
Core treatment strategies include education about sleep and sleep hygiene, stimulus control,
and sleep restriction [57]. The overarching goal of treatment is to develop a consistent
sleep-wake schedule and strengthen the association between bed and sleep by limiting time
awake inbed. A recent systematic review identified 10 RCTs of CBT-I for adults with chronic
pain and comorbid insomnia, some of which only delivered CBT-I while others delivered
CBT-I followed by CBT-Pain [58]. Results of meta-analyses demonstrated large positive
benefits of CBT-I on global measures of sleep at post-treatment (SMD = 0.89) and follow-up
(SMD = 0.56) [58]. Small improvements in pain at post-treatment (SMD = 0.20) were also
identified, but this was not maintained at follow-up [58]. Importantly, many of these prior
trials have significant limitations, including small sample sizes, short follow-up periods
and inadequate assessment of pain outcomes. Findings from two large rigorous trials with
older adults with insomnia and comorbid osteoarthritis pain suggest that improvements
in sleep in response to CBT-I may lead to both short- and long-term improvements in
pain [59,60]. However, neither trial was designed to empirically test temporal associations
between the sleep—pain relationship and more research is needed.

We are not aware of any published RCTs that evaluated the safety or efficacy of CBT-I
in youth with chronic pain conditions. There is one published RCT which compared the
efficacy of sleep hygiene guidelines to usual care in adolescents with migraine and co-
occurring poor sleep health [61]. Results indicated that compared with usual care control
youth who received the sleep hygiene guidelines had a greater reduction in migraine
frequency from pre-treatment to 3-month and 6-month follow-ups [61]. However, this
study was limited by the relatively small sample size (total n = 70) and lack of validated
assessment tools measuring headache and sleep outcomes.

While controlled trials evaluating efficacy of CBT-I in pediatric pain populations
are lacking, there are a few single arm pilot trials in mixed samples of adolescents with
chronic pain and other medical and mental health comorbidities [41,62]. These studies used
brief 4-6 session CBT-I protocols delivered to youth and their parents following standard
core treatment elements, including education about sleep and sleep hygiene, stimulus
control, and sleep restriction. Results of this pilot work demonstrated feasibility for in-
person treatment delivery and preliminary efficacy, where youth showed improvements
in sleep quality, sleep hygiene, sleep duration, sleep efficiency, and mood and anxiety
symptoms [41,62].

Hybrid CBT programs have also been developed for adults and youth with co-
occurring chronic pain and insomnia, which combine CBT-I with CBT-Pain. By providing
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treatment for two problems simultaneously, hybrid CBT may offer some practical advan-
tages for both patients and healthcare systems. A recent topical review found emerging
evidence for the feasibility, acceptability, and preliminary efficacy of hybrid CBT programs
for improving pain and sleep outcomes in adults with coexisting chronic pain and insom-
nia [63]. However, these studies are limited to a handful of relatively small single-arm pilot
trials [64-66]. We are not aware of any published randomized controlled trials evaluating
hybrid CBT protocols for youth with comorbid insomnia and chronic pain, although related
work is underway in adult chronic pain populations (e.g., [67]).

To address this gap, Law and colleagues [42] developed a six-session hybrid CBT
program delivered in person to youth with chronic migraine and comorbid insomnia
symptoms (see Table 2). The treatment protocol integrates core components of CBT-I (sleep
restriction, stimulus control, sleep hygiene) with core components of CBT-Pain (relaxation
and distraction methods, cognitive skills, and parent operant training). In a single-arm
pilot trial, preliminary evidence for efficacy was demonstrated on improvements in sleep
quality, sleep hygiene, sleep duration, and sleep efficiency. Notably, youth also experienced
reductions in headache-related disability and headache frequency from pre- to post-hybrid
CBT treatment [42].

Table 2. Best evidence psychological interventions for addressing sleep health in youth with
chronic pain.

Intervention Target Population ];“vei:’i?noci Setting of Care Delivery l;ii:;?i:e
sl . Tertiary care clinic (e.g., Pain Psychologist, Behavioral
eep hygiene Youth with chronic vai Promisi Medicine Clinic. Sleen Clini Sleep Speciali
education outh with chronic pain romising edicine Clinic, Sleep inic),  Sleep Specialist,
Digital health technology Pain medicine specialist
Cognitive- Youth with comorbid Tertiary care clinic (e.g., Pain
Behavioral Therapy chronic pain, insomnia, Promisin Medicine Clinic, Sleep Clinic), Psychologist, Behavioral
for Insomnia and mental health & Self-guided digital health sleep specialist
(CBT-I) conditions technology

Given the lack of behavioral sleep medicine specialists in many communities, there
is also interest in digital health interventions (e.g., mobile apps, internet interventions) to
improve sleep health. There is robust evidence indicating that self-guided web-based CBT-I
produces similar effect sizes for improving insomnia symptoms in adults compared to
face-to-face CBT-I [68], although similar data in youth are lacking. Recently, Carmona and
colleagues [69] demonstrated feasibility and acceptability of a transdiagnostic web-based
app for adolescents and young adults (AYAs), which provides self-guided training in sleep
education, personalized feedback comparing the user’s sleep patterns to age-based norms,
and tailored goal setting to improve sleep habits. We are not aware of any published
randomized controlled trials testing technology delivered sleep health interventions for
youth, although studies are currently underway (e.g., [70]).

4. Future Directions for Clinical Practice

Our review uncovers a number of areas important to consider in clinical practice
(see Table 3). Given evidence of the high prevalence of sleep disturbances among youth
with chronic pain and the importance of overall sleep health on pain and well-being,
routine screening should be implemented. In addition to the clinical interview, there
are brief validated self-report screening measures to assess insomnia, sleep quality, and
sleep impairment in youth, which should be used. The assessment of sleep health in all
children and adolescents presenting with chronic pain is recommended. Interventions
targeting sleep hygiene and insomnia symptoms can be offered to youth; this may include
education about sleep needs, importance of consistency in sleep—wake schedules, and tips
for healthy sleep (e.g., establish a positive bedtime and waking routine, limit electronics
in the bedroom). Additional consideration may be needed to tailor education to the
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unique challenges that impact sleep health in youth with chronic pain such as a lack of
scheduled activities and routines, low levels of physical activity, and the use of napping as a
coping strategy for pain management. Youth with clinically significant insomnia symptoms
should be referred to a sleep specialist. Once the efficacy and the safety of insomnia
interventions are established in youth with chronic pain, considerations for implementation
would include the use of telehealth and digital health technologies to improve access and
potentially reduce costs.

Table 3. Future Directions for Clinical Practice.

I RN

Integrate screening for sleep disturbances into the assessment of all children and adolescents presenting with chronic pain.
Provide sleep health interventions to target sleep hygiene and insomnia in youth presenting with sleep disturbances.

Where available, use technology to deliver sleep health treatments, e.g., via telehealth and digital health technologies.
Disseminate evidence-based sleep interventions.

Before considering approaches to dissemination and implementation, further work is needed to understand safety and efficacy of

CBT-I and Hybrid CBT-I/CBT-Pain interventions for youth with chronic pain via controlled trials.

5. Future Directions for Research

Our review also highlights the need for research in multiple areas of sleep health in
adolescents with chronic pain (see Table 4). First, there is an incomplete understanding
of the impact of pain treatments on sleep outcomes in youth with chronic pain as sleep is
not often measured in pain clinical trials. Knowledge of the safety and efficacy of sleep
treatments such as CBT-I and Hybrid CBT-I/CBT Pain has not yet been fully established in
youth with chronic pain. In particular, future research of sleep treatments using random-
ized controlled trial designs with long-term follow-up is needed. Sleep has been shown to
influence subsequent pain, therefore research to understand the optimal sequence of pain
and sleep interventions is needed. In particular, it will be important to evaluate whether
intervening to improve sleep first may boost the effects of subsequent pain interventions.
There are also gaps in the understanding of the longitudinal and causal relationships be-
tween sleep health and chronic pain, including whether there are key vulnerability periods
(e.g., puberty) that may influence the linkage between sleep and pain. Few studies have
focused on how positive aspects of sleep health may influence pain and pain management
in youth. Furthermore, there is limited understanding of how sleep health influences
motivation and self-efficacy among youth with chronic pain and how this may influence
their ability to engage in pain self-management behaviors. Another future direction for
research is to understand sociodemographic influences on sleep health, including possible
disparities in the impact of sleep health on youth. Last, it will be important to identify
shared biopsychosocial mechanisms that underlie the treatment benefits of pain and sleep
interventions for youth to better inform optimization of these interventions in the context
of comorbid pain and sleep problems.

Table 4. Future Directions for Research.

1. Comprehensively characterize the impact of pain treatments on sleep health in youth with chronic pain.

Evaluate the safety and efficacy of CBT-I and Hybrid CBT-I/CBT-Pain interventions for youth with chronic pain and

co-occurring sleep disturbances.

Conduct research to understand optimal sequencing of pain and sleep interventions, in particular to understand
3. whether children and adolescents may benefit synergistically from improvements in sleep prior to beginning pain

self-management interventions.

® NG e

Conduct longitudinal studies to identify the causal relationship between sleep health and chronic pain over time to
uncover mechanisms and identify key vulnerability periods.

Characterize resiliency in sleep health and how this can be enhanced among youth with chronic pain.

Understand sociodemographic influences on sleep health among youth with chronic pain.

Understand how sleep health influences motivation and self-efficacy among youth with chronic pain.

Identify shared biopsychosocial mechanisms that underlie treatment benefits of pain and sleep interventions for

individuals with co-occurring conditions.
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6. Conclusions

There is growing consensus among experts that sleep health has a direct effect on
pain perception, pain intensity, and pain-related disability among youth with chronic pain.
Validated assessment tools that can be considered in clinical practice and research settings
vary in terms of their cost and burden, and include polysomnography, actigraphy, and
self-report questionnaire measures. Appropriate assessment tools have been developed
and validated for pediatric populations with chronic pain, which can be used in clini-
cal practice and research studies. Sleep health can be modified through psychological
and behavioral interventions. Although randomized controlled trials of psychological
interventions specifically targeting sleep health in youth with chronic pain are limited, a
growing number of pilot studies supports the feasibility and preliminary efficacy of sleep
hygiene education and cognitive-behavioral therapy for insomnia (CBT-I) for improving
sleep patterns, improving perceived sleep quality, and reducing pain and pain-related
disability in adolescents and young adults with chronic pain when delivered face-to-face
and via digital health technologies. Clinicians are encouraged to routinely screen sleep
health in all children and youth presenting with chronic pain. Research is still needed to
characterize the sleep—pain relationship over time in youth with chronic pain to identify
mechanisms that account for their interrelationship and to definitively evaluate the safety
and the efficacy of psychological interventions targeting sleep health in pediatric chronic
pain populations.
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N o W

Abstract: Nutrition plays an important role in pain management. Healthy eating patterns are associ-
ated with reduced systemic inflammation, as well as lower risk and severity of chronic non-cancer
pain and associated comorbidities. The role of nutrition in chronic non-cancer pain management is
an emerging field with increasing interest from clinicians and patients. Evidence from a number of
recent systematic reviews shows that optimising diet quality and incorporating foods containing
anti-inflammatory nutrients such as fruits, vegetables, long chain and monounsaturated fats, antioxi-
dants, and fibre leads to reduction in pain severity and interference. This review describes the current
state of the art and highlights why nutrition is critical within a person-centred approach to pain
management. Recommendations are made to guide clinicians and highlight areas for future research.

Keywords: nutrition; diet quality; chronic non-cancer pain

1. Introduction

Chronic non-cancer pain (CNCP) is defined as pain that persists for more than three
months, which exceeds the time it typically takes for tissues to heal [1]. Globally, the
prevalence of CNCP is approximately 20%, with a higher prevalence among vulnera-
ble populations such as the elderly and those from culturally and linguistically diverse
backgrounds (>40%) [2—4]. In 2010, the economic burden of CNCP in the United States
was reported to be $635 billion, exceeding that of heart disease ($309 billion), diabetes
($188 billion), and cancer ($243 billion) [5]. In Australia, the cost of chronic pain in 2018 was
$139.3 billion and expected to increase to $215.6 billion by 2050 [4]. CNCP is a major burden
on both individuals and the community due to absenteeism and loss of productivity [4]. In
Australia in 2018, $48.3 billion of the financial cost associated with CNCP was attributed
to productivity losses and $66.1 billion was attributed to reductions in quality of life [4].
CNCP also causes increased stress on the health care system, as many people experiencing
pain have exacerbations of other chronic health conditions requiring specialised treatment.
In 2019, self-reported data from 72 adult CNCP services (30,000 patients) across Australia
and New Zealand reported approximately 40% of patients had mental health issues, 23%
had digestive diseases, 22% had high blood pressure and/or high cholesterol, and 10%
had diabetes [6]. Individuals who live with pain can find it difficult to move about and
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socialise. Pain also impacts their mood, ability to shop and cook, and the food and drinks
they consume.

A whole-person approach to pain management is a patient-centred framework that
encourages the adoption of active strategies to address biopsychosocial and lifestyle modu-
lators of pain experiences [7]. In this broad context, there is recognition of the multidirec-
tional relationships between diet, mental health, sleep, food preparation, and mobility [7].
Addressing these dimensions of pain experience in specialist multidisciplinary pain ser-
vices reduces pain and improves quality of life [6,8]. There are, however, challenges in
implementing multidisciplinary approaches in primary care [9]. Nutrition is a central
component of the whole-person approach and emerging evidence, explored in this re-
view, suggests that dietary interventions can be effective in improving quality of life and
managing CNCP, as well as comorbid mental and physical health problems [10].

This state-of-the-art overview explores the role of diet in CNCP. The available evidence
is reviewed with the aim of helping clinicians translate findings into practice and assisting
researchers to optimise the design of future trials and implementation studies.

1.1. Diet, Pain, and Systemic Inflammation

Persisting low-grade systemic inflammation is associated with CNCP and multiple
comorbid chronic health conditions. Diet plays a complex role in modulating systemic
inflammation. Knowledge is expanding rapidly in this area and multiple links between diet
and inflammation have been identified. Metabolic mechanisms associated with post pran-
dial hyperglycaemia and frequent and prolonged rises in plasma insulin levels, influenced
by dietary intake, can produce systemic inflammation [11,12]. This has been shown in
insulin-resistant states where increasing adiposity is associated with the increased secretion
of pro-inflammatory cytokines in adipose tissue, liver, and skeletal muscle [13].

There are several mechanisms associated with fat metabolism. An excess of omega-
6 fatty acids relative to omega-3 fatty acids loads the arachidonic acid pathway and
contributes to a pro-inflammatory state [14,15]. The body requires both omega-3 and
omega-6 fatty acids, ideally in a ratio of approximately 1:1 [16]. Dominance of omega-6
polyunsaturated fats in Westernised diets over the last few decades has led to ratios of
omega-3 to omega-6 in the range of 1 to 15-30, which has been shown to promote systemic
inflammation [14]. Industrial trans fats, or hydrogenated oils, also promote inflammation
and raise LDL cholesterol and lower HDL cholesterol [17,18].

In the context of CNCP, an aspect of systemic inflammation of particular interest
manifests in the central nervous system. This neuroinflammation is mediated by neuroglia
cells, which are found in the brain and central nervous system [19]. They are thought to be
activated by overall poor dietary patterns (i.e., energy-dense, nutrient-poor diets) through
a variety of mechanisms such as oxidative stress, peripheral inflammation, and changes in
the gut microbiome [19]. This leads to central nervous system sensitisation, a dominant
contributor to CNCP [19,20]. The corollary of this is that the adoption of a high-quality diet
facilitates normalisation of glial activity and reduced central nervous system inflammation
and sensitisation [19].

Alterations in the gut microbiome and associated auto-immune mechanisms also
influence systemic inflammation. A range of mechanistic, animal, and observational
human studies have found that changes in gut microbiota can influence immune function
and may contribute to an increased risk or severity of auto-immune diseases [21]. Increased
intestinal permeability potentially allows the translocation of bacterial fragments such as
lipopolysaccharides, which can trigger inflammation and auto-immune responses [21].

While metabolic pathways can produce inflammation, they can also have anti-inflammatory
activity and reduce oxidative stress [19]. Non-nutritive bioactive compounds such as
polyphenols mitigate oxidative stress and inflammation, as well as modulating pain ex-
periences [22]. One such mechanism operates through the inhibition of COX-2 in neu-
romodulating pathways [22]. Polyphenols are found in a range of foods such as fruits,
vegetables, whole grains, cocoa, tea, coffee, and alcohol [23]. Food'’s rich in polyphenols,
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such as cherries, strawberries, blueberries, and plums, have been used in a variety of clini-
cal studies showing anti-inflammatory benefits, as well as cardio-metabolic benefits and
neuroprotective effects [24-28]. Dietary fibre intake and the consequent colonic production
of short chain fatty acids also reduces inflammation through its beneficial role in the gut
microbiome-brain axis and in immunomodulation [22].

As such, dietary factors mediate systemic inflammation and so therapeutic focus
should be placed on reducing inflammation through optimising overall dietary quality, ad-
dressing the ratio of omega-3 to omega-6 PUFAs, and increasing the intake of polyphenols
and fibre.

1.2. Diet, Pain, and Comorbidities

Systemic inflammation is linked with CNCP and multiple other comorbidities im-
pacting both physical and mental health [6,29-31]. These varied conditions include type
2 diabetes, cardiovascular disease (CVD), respiratory and kidney disease, obesity, cancer,
non-alcoholic fatty liver disease, autoimmune disorders, neurodegenerative disorders, and
depression [32-34]. The specific mechanisms and predominant sites of inflammation, along
with the genetic and epigenetic vulnerabilities of the person, influence disease expression.
For example, oxidative stress may exacerbate neuropathy [35]. Changes in the vascular
endothelium are correlated with cardiovascular disease and metabolic syndrome [36,37].
Neuroinflammation involving immune cells such as glia and cytokine cascades [38—40]
plays a role in the central sensitisation that is strongly correlated with CNCP.

Systemic inflammation can contribute to CNCP at multiple levels impacting both
structural tissues and the nervous system. In osteoarthritis, for example, inflammation is
expressed within the affected joint [41] in addition to neuroinflammation in the central
nervous system [42].

In a clinical audit in 2017 at a tertiary pain service in Australia, 64% of patients re-
ported having two or more comorbidities [29]. This is supported by a Scottish primary
care study which found that 46% of patients presenting with CNCP had three or more
long-term conditions [43]. A cross sectional study conducted on a sample of 3000 indi-
viduals in Germany also found that those suffering from depression were three times
more likely to experience non-neuropathic chronic pain (18%) and six times more likely
to experience neuropathic pain (7%) [44]. People with obesity, diabetes, hypertension,
and cerebrovascular disease were also at a higher risk of having non-neuropathic chronic
pain [44]. A recent systematic review of 20 studies found that people experiencing chronic
musculoskeletal pain were almost twice as likely to report having CVD than those people
without chronic musculoskeletal pain [45]. Another meta-analysis found that people with
diabetes were 1.4 times more likely to report lower back pain and 1.2 times more likely
to report neck pain compared to those without diabetes [46]. There is also an association
between CNCP and obesity. This is evidenced in two large studies conducted in the United
States of America in which it was found that those with a higher Body Mass Index (BMI)
were more likely to self-report moderate and severe pain intensity [47,48]. Participants
who were classified as obese (Body Mass Index >30 kg/m?) were approximately 1.3 to
2 times more likely to experience pain [47,48]. Obesity can contribute to pain via increased
mechanical load in addition to pro-inflammatory mechanisms [49]. Pain can contribute to
obesity by interfering with food preparation and healthy dietary choices.

Given the prevalence of nutrition-related comorbidities associated with CNCP and the
overlap of the underlying mechanisms, it is important to consider the role of nutrition in
simultaneously reducing the severity and risk of CNCP and other chronic health conditions.
Many of these conditions and their associated risk factors can be modulated through
changes in diet.

1.3. Dietary Intake of People Experiencing Pain

A limited amount of research has assessed dietary intake in people experiencing
CNCEP. The studies that do exist largely report on diet quality, total energy intake, and
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macronutrient distribution. A study by VanDenKerkhof et al. analysed data from the
British Birth Cohort Study (n = 89,673, aged >45 years, 12% with CNCP) and found that
fruit and vegetable consumption of women experiencing CNCP pain was more likely
to decrease over time, compared to women with no pain [50]. Overall diet quality was
lower in women with CNCP (<1 serve/week of fruit and vegetables and >1 serve/day
of fatty foods and chips), compared to women without pain [50]. A study conducted
by Collins et al. examined diet-related survey data from 10,000 Australian women aged
50-55 years [51]. Findings showed that poorer diet quality was associated with higher
pain scores as reported using the pain subscale within SF-36 [51]. Conversely, higher diet
quality was associated with lower pain levels [51]. Long term opioid use is associated
with excessive energy intakes as shown in a study conducted by Meleger et al., where
one third of male and half of female patients receiving long-term opioid therapy were
exceeding recommended energy intake targets [52]. A pilot study conducted in 2019
found that at baseline, participants’ mean percentage of energy derived from core foods
(fruit, vegetables, breads, and cereals, meat and meat alternatives, and dairy and dairy
alternatives) was 58% and their mean percentage of energy from energy-dense nutrient-
poor foods (e.g., confectionary, sugar sweetened beverages, and takeaway foods) was
42% [53]. Ideally, at least 85-90% energy should come from nutrient-rich core foods and
no more than 10-15% from energy-dense nutrient-poor foods [54,55]. The intervention
in this pilot study consisted of 6 weeks of personalised dietary consultations and cherry
juice high in antioxidants vs. a placebo fruit (apple) juice [53]. After 6 weeks, all groups
had a statistically significant increase in percentage of energy from core foods (63%) and a
reduction in percentage of energy from energy-dense, nutrient-poor foods (37%) [53]. The
group that received the personalised dietary consultations had a significant reduction in
percentage of energy from total fat (—3.36%) compared to the control group (+2%) [53].
Participants who received the cherry juice did no better than those who received the apple
juice [53].

1.4. Diet and the Whole-Person Approach to Pain Management

The biopsychosocial and lifestyle factors that influence pain all interact, and these
factors rarely stand alone in terms of contribution to pain experiences. Figure 1 depicts the
relationship between nutrition and the whole-person approach to pain management.

1.4.1. Diet and Biomedical Aspects

There is a complex relationship between the biomedical and psychosocial aspects of
pain and nutrition. From a biomedical perspective, as previously discussed, dietary intake
can affect pain by modulating systemic inflammation and oxidative stress, as well as by its
impact comorbid conditions.

The adverse effects of medications used for pain and other chronic health conditions
can be substantial and add to nutritional challenges. Opioid medications commonly reduce
motility, delay transit and gastric emptying, and suppress androgen and adrenal func-
tion [56]. This in turn can adversely impact metabolism and increase feelings of fullness,
bloating, nausea, and constipation. Mechanism-based studies conducted in animals and
humans have shown that non-steroidal anti-inflammatory drugs (NSAIDs) can increase
gut permeability, inflammation, and the risk of gastrointestinal injury (e.g., ulcers) [57,58].
Antidepressants and anticonvulsants commonly used for pain management are also as-
sociated with gastrointestinal side effects such as nausea, constipation, diarrhoea, and
changes in appetite [59,60]. Medications can also impact the gut microbiome. Antibiotics
and proton pump inhibitors, for example, can have major adverse impacts on microbiome
diversity [58].

64



J. Clin. Med. 2021, 10, 5203

Tapering and ceasing, or minimising the dose of pain related medications, will im-
prove gastrointestinal and nutrition-related problems [61]. Adequate intake of soluble
and insoluble fibre and water can assist in relieving the side effects of constipating med-
ications [62]. More information about fibre and fluid can be found in Section 2.2.5 and
Appendix A.

Central
sensitisation,
metaflammation,
oxidative stress,

drug
interactions

Structural problems

ar illness
Use of medication
and surgery

e Biopsychosocial
dietary behaviour
e.g. comfort eating Thoughts and Isolation from
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approach to pain
management

Isolated from the
social aspects of
eating

Nutrition

Energy balance,
access to and Therapeutic role for
preparation of food, pain and
poor sleep = poor comorbidities
intake

Figure 1. The relationship between nutrition and the whole-person approach to pain management
(adapted and reprinted with permission).

1.4.2. Relationships between Diet, Mental Health, and Lifestyle

Mental health comorbidities such as anxiety and depression, as well as feelings of
isolation and loss of connection to people, place, and purpose, are also common in people
experiencing CNCP [6,63,64]. Self-reported data from 72 adult pain services (30,000 pa-
tients) in Australia and New Zealand shows that 40% of patients have depression, anxiety,
and/or post-traumatic stress disorder [6]. A bivariate adjusted analysis of the Canadian
Longitudinal Study of Ageing (n = 28,000) found that those who were socially isolated
and/or lonely had an increased likelihood of psychological distress relative to those who
were neither isolated nor lonely [65]. Subsequent studies have found that interventions tar-
geting social isolation have led to significant improvements in self-reported pain intensity
and emotional and physical functioning [63,64].

Mental health issues and isolation can lead to changes in dietary behaviours such as
comfort eating, low motivation for meal preparation, loss of appetite, and lack of meaning
around meal times. Qualitative data show that people experiencing CNCP report using
emotional eating or binge eating behaviours as a response to their pain [66]. Participants
reported that this often coincides with depression and guilt [66]. Depression and anxiety
are associated with overall low diet quality [67,68]. Low diet quality is associated with
lower intakes of key essential macro and micronutrients often found in foods such as fruits
and vegetables [51,69].
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Overeating is also associated with CNCP. Mechanisms for overeating in response
to pain are likely highly varied due to the clustering of a range of comorbidities in this
population group, which may include depression and anxiety. Overconsumption could
be related to hedonic hunger triggered by physical pain, as well as emotional eating as
a coping strategy [66]. Consuming food may elevate low mood or provide a distraction
from anxious or traumatic thoughts via activation of brain reward pathways involving
neurotransmitters such as dopamine [70]. Data from a survey of over 200 adults with
CNCP reported that approximately 12% of respondents ate more to feel better when they
experienced pain [70]. In another study of 126 veterans, the Yale Emotional Overeating
Questionnaire (YEOQ) was used to examine overeating responses to physical pain [71].
Approximately 43% of participants had engaged in at least one overeating episode in
response to pain in the past month and 14% engaged in this behaviour daily [71]. This
study proposed that those with higher pain interference are more likely to have depression
and may have maladaptive pain-related coping, including overeating [71]. This may be
due in part to associations between higher pain catastrophizing, low distress tolerance, and
higher levels of unhealthy eating [72].

Pain can lead to reduced mobility and functional strength, which in turn can make
shopping, cooking, and preparing meals difficult and may exacerbate pain [73]. Given the
range of living conditions of those with CNCDP, there may be increased vulnerability of
some population groups to these factors such as those living alone, in group homes, or in
aged care. Decreased mobility due to pain often means regular employment is difficult, and
there may be large periods of unemployment contributing to financial burden. Reliance on
takeaway or convenience foods may be an appealing solution to some people experiencing
pain. However, this can lead to low diet quality.

Pain can also significantly impact sleep. This may include quantity, quality, sleep
hygiene, and how long it takes to get to sleep, which are all important elements that
need to be considered. A lack of restorative sleep leads to increased tiredness, caffeine
consumption, overall daily energy intake, and fat, protein, and carbohydrate intake, and
can also lead to impaired hormone regulation [74,75]. For example, leptin may be reduced,
with a consequent decrease in satiety signals to the brain. In addition, levels of ghrelin,
a ‘hunger hormone’, may be increased by lack of sleep [74,76]. Poor sleep can also affect
glucose tolerance and insulin levels, with an increased risk of type 2 diabetes, which is
highly prevalent in people experiencing CNCP [6,46,74,76].

It is clear that nutrition does not stand alone in the management of pain, but there is
equally a need to recognise that food has important direct and indirect influences on the
whole-person pain management approach.

1.4.3. Diet and the Whole-Person Approach to Pain Management and Behaviour Change

It is important to consider tips and strategies to address dietary behaviours as well
as dietary intake. Given the complexities surrounding the relationship between nutrition,
pain, and the whole-person approach to pain management, behaviour change strategies
are well placed to support people to change their habits. The Behaviour Change Model
is an evidence-based approach that incorporates the overarching aspects of environment,
policy, and regulation, combined with clinician-delivered interventions, and patient factors
of capability, opportunity, and motivation [77]. At an individual patient level, it is vital that
health professionals identify their patients’ capabilities, opportunities, and motivations
to help set specific nutrition goals and facilitate successful behaviour change [77]. Health
professionals can use the sources of behaviours as a way to identify patient’ barriers and/or
facilitators. They can then assist patients to overcome barriers or harness facilitators
to ensure successful behaviour change [77]. For example, your patient may not know
the relationship between diet and CNCP (capability), they may not have time or access
(opportunity), and they may not have the belief or confidence to change (motivation).
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To ensure consistent and high-quality care, it is important to follow a process to
comprehensively assess dietary intake, take challenges into consideration, implement
strategies, and monitor progress. The first step of this process is to assess dietary intake.
There are a variety of tools including brief dietary screeners, such as the Healthy Eating
Quiz [78], that provide an indication of overall diet quality, and more comprehensive tools
(e.g., food frequency questionnaires, food records, or 24-h recalls), that can be used to
assess the adequacy of food and nutrient intakes relative to national recommendations.
Which one should be used depends on the situation and purpose? Many variations on
these tools are available to the public online or via apps, which makes it easier for patients
to access them. Some online tools and apps can also provide instant analysis. The next
step is comparing the dietary assessment to recommendations such as national guidelines
or nutrient reference values. Comparison to recommendations allows the identification
of areas for improvement and these are often the basis of goals. Exploring barriers to
and motivators for change will assist making a SMART (Specific, Measurable, Achievable,
Relevant, and Time-bound) goal that is realistic and achievable. There are a number of
potential barriers that need to be taken into consideration such as socioeconomic and
cultural preferences, food availability, mental health and mobility issues, and poor health
literacy [79]. These barriers need to be addressed with appropriate and relevant strategies.
Working with patients to identify relevant barriers and strategies will make it easier for
patients to achieve their goals. This can be done using the COM-B model. For example,
identifying culturally and linguistically diverse (CALD) services in your area can help
assist CALD patients. Self-monitoring progress is helpful for patients to maintain their
level of awareness and motivation towards change. Self-monitoring also gives clinicians an
indication on how their patient is progressing and allows the revision of goals if needed.

2. State of the Art
2.1. Nutrition Interventions for People Experiencing Chronic Non-Cancer Pain

Research from a pilot study (evidence level 1c) (Table 1) conducted in 2019 found that
a personalised dietary intervention that included a dietary assessment, dietary advice for
pain management, and strategies to overcome barriers to assist with behaviour change
that was delivered by a dietitian had a clinically meaningful effect on self-reported pain
interference and pain self-efficacy [53]. Participants also had improvements in quality of
life and dietary intake [53]. However, given that this was a pilot study, the intervention
needs to be implemented and tested in fully powered trials. Another quasi-experimental
study (evidence level 2d) in a cohort of people with chronic musculoskeletal pain found
that an 8-week plant-based diet led to a statistically significant reduction in pain (mean
change 3.14, p = 0.0001) measured on a numerical pain rating scale [80], although this study
had a small sample size (n = 14).
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A recent systematic review (evidence level 1b) collated and summarised experimental
studies exploring the effect of dietary interventions on chronic non-cancer musculoskeletal
pain, arthritis, and fibromyalgia [82]. Through a synthesis of results from 43 studies
overall, a positive effect was found for a number of whole food dietary interventions (i.e.,
foods commonly found in the diet, excluding nutraceuticals) with an average reduction
in pain score, —0.44, p < 0.0001 [82]. Other systematic reviews in people with chronic
musculoskeletal pain, arthritis, and fibromyalgia have found similar results. Elma et al.
found that in 12 experimental and observational studies, vegetarian, vegan, weight loss, or
peptide diets were associated with improved pain outcomes (evidence level 1b) [83]. Two
other systematic reviews (evidence level 1b) in people with arthritis (n = 7 studies) and
fibromyalgia (n = 7 studies) included studies with interventions focused on diets that are
predominantly plant rich and/or contain anti-inflammatory aspects (e.g., Mediterranean
diet, omega-3, or antioxidants) where participants had a reduction in pain outcomes [84,86].
Commonalities among all of these interventions include a focus on improving diet quality
and nutrient density. This is supported by another systematic review of 71 studies (evidence
level 1b) [85], which found that studies that used a dietary intervention to alter overall
intake, particularly vegetarian or Mediterranean diets, or the quality of a specific nutrient
such as fat or protein, achieved statistically significant reductions in pain intensity [85].

Three other reviews, collectively including 218 studies (evidence level 2b) have also
explored the role of nutrition in CNCP. However, these studies include a large number
of mechanism-based studies, and have summarised the literature, rather than provided a
synthesis of results [35,87,88]. When comparing the summaries provided in these reviews to
the results from the systematic reviews outlined above, it is still evident that the literature
points towards optimising diet quality, increasing consumption of core foods such as
fruit, vegetables, breads and cereals, meat, dairy, and their alternatives and reducing
energy-dense nutrient-poor foods such as confectionary, sugar sweetened beverages, and
processed meats.

Among the systematic reviews conducted in this area, many share limitations, with
substantial heterogeneity among pain “conditions” and dietary interventions. Intervention
studies that include participants with multiple types of CNCP are rare and it is more com-
mon to find studies which explore the impact of nutrition on sub-types such as arthritis,
musculoskeletal pain, fibromyalgia, or gastrointestinal pain (e.g., inflammatory bowel
disease (IBD) and irritable bowel syndrome (IBS)). There is a challenge in balancing nu-
tritional recommendations relevant to the breadth of people with CNCP with a focus on
more specific recommendations for particular diseases or individuals. The majority of the
studies included in these systematic reviews were also of low methodological quality and
used unidimensional tools to measure pain outcomes. This indicates the need for more
and higher quality studies that use multidimensional tools to measure pain outcomes to
ensure all aspects of pain are considered.

Given that this is an emerging field of research, there are also a number of expert
consensus papers (evidence level 5b) on this topic that should be considered. A common
aspect of all of these papers (n = 4) is the focus on systemic inflammation [19,22,79,89].
Consequently, these papers suggest, consistent with healthy eating principles for chronic
disease reduction, that dietary intake should include fruits and vegetables, food rich in
antioxidant nutrients (in particular polyphenols), olive oil, nuts, legumes, and adequate
intake of micronutrients (omega-3, vitamin B12, vitamin D and magnesium) [19,22,79,89].
These papers also acknowledge the challenges people with CNCP face in achieving healthy
dietary patterns and behaviours. There is a need to consider socioeconomic and cultural
differences, food availability and psychological or physical difficulties.

Nutrition interventions are highly variable in clinical settings. The availability of
dietitians is often a significant limiting factor. Other allied health professionals have
variable nutrition training and consumers are often left to seek dietary advice on their own.
The following section will provide appropriate evidence-based recommendations for a
range of health professionals.
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2.2. Recommendations for Clinicians
2.2.1. Dietary Assessment

Dietary assessment is extremely important, as acknowledged in Philpot et al. (evidence
level 5b). Pain services would benefit from working with dietitians to access their skills
in dietary assessment [79]. Dietary screeners which assess diet quality (e.g., The Healthy
Eating Quiz) [78] along with an assessment of psychological, physical and medical issues
allows clinicians to look at the relationship between diet and pain experiences and diet-
related risk factors with other chronic diseases. This also allows clinicians to identify
some of the socioeconomic, physical, and psychological barriers to healthy eating that are
common in people experiencing CNCP [22,79].

A common theme arising in the evidence is the potential role of vitamin and mineral
deficiencies, such as Vitamin D, Vitamin B12, and magnesium, in pain experiences [22,79,88].
The only non-invasive way to determine if a patient has a micronutrient deficiency is
through systematic dietary assessment that reflects usual dietary intake conducted by a
dietitian. Some practical tips on dietary assessment and identification of micronutrient
deficiencies are available in Appendix A.

2.2.2. Optimise Diet Quality

All the systematic reviews exploring the role of nutrition in pain management (evi-
dence level 1b) emphasised optimising diet quality [82-86]. Poor diet quality is associated
with high consumptions of energy-dense nutrient foods that lack key nutrients found in
core foods such as fruits, vegetables, breads and cereals, meat, dairy, and their alternatives.
Globally, poor dietary intake is the one of the top modifiable risk factors for morbidity and
mortality [90]. Specifically, high sodium intake and low intake of whole grains, fruit, nuts,
and seeds are the top three leading risk factors [90]. In line with the evidence presented in
this paper, these foods contain fibre, vitamins, and antioxidants that are associated with
reducing pain experiences [89]. Given that over 90% of Australians and Americans do not
follow their respective country’s evidence-based dietary guidelines [91,92], the first step
to improving diet quality is to increase adherence to national dietary guidelines. While
national dietary guidelines are not specific to CNCP management, they promote healthy
eating and lifestyle behaviours which may better translate for those experiencing CNCP.

2.2.3. Consume Fruit and Vegetables Rich in Phytonutrients to Reduce Oxidative Stress

All of the systematic reviews (level 1b) included a large number of studies that
used plant-rich eating (e.g., vegetarian or vegan dietary patterns), anti-inflammatory, and
Mediterranean diets [82-86]. A major component of all of these dietary patterns are fruits,
vegetables, and whole grains, which contain phytonutrients with antioxidant properties.
To maximise consumption of phytonutrients and polyphenols it is important to consume a
wide range of different coloured fruits and vegetables [89]. However, as acknowledged
in some of the expert review evidence (level 5b), there are additional considerations that
may impact someone’s ability to include a wide range of fresh and colourful fruit and
vegetables in their diet [22,79,89]. This can include potential exacerbation of pain through
preparation and cooking, and/or lack of motivation to shop and cook [89]. Practical tips to
address this are found in Appendix A.

2.2.4. Consume Long Chain and Monounsaturated Fats (e.g., Omega-3 and Olive Oil)

A number of experimental studies included in the systematic reviews (level 1b) that
have been synthesised for this paper have shown that long chain and monounsaturated
fats, especially omega-3 fats and olive oil reduce pain [82-86]. Suggestions on how to
increase omega-3 fats and olive oil can be found in Appendix A.

2.2.5. Increase Fibre and Water Intake

Fibre is essential for proper digestion and maintenance of a healthy microbiome. Fibre
and fluid work together to promote bowel health. It is important that when your patient
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increases their fibre intake, they also increase their fluid intake. Fibre is found in fruits,
vegetables, and whole grains, which are the main components of the plant rich dietary
interventions included in the systematic reviews that make up the evidence for this paper.

2.2.6. Reduce and Limit Ultra-Processed Food and Added Sugar Intake

Ultra-processed and sugar-dense foods and drinks contain very high amounts of
energy and negligible amounts of beneficial nutrients. These foods are often high in fat,
salt, and sugar, and in the case of beverages, caffeine, which can impact sleep. Some
examples include soft drinks, sweet or savoury packaged snacks, confectionary, and
reconstituted meat products. These foods are often high in fat, salt, and sugar, and in
the case of beverages, caffeine. These nutrients can have a number of effects including
increasing circulating inflammatory markers and oxidation [11,93] and impacting sleep. In
relation to sugar consumption, the World Health Organisation (WHO) recommends that
adults limit intake of ‘free sugar’ including table sugar, honey, syrups, and sugar-sweetened
beverages to less than 10% of total energy [94].

2.2.7. Other Nutritional Considerations

As shown in Figure 1, nutrition also encompasses other dietary factors such as caffeine
and alcohol. Caffeine is commonly consumed in tea and coffee, and evidence shows that
low to moderate consumption of coffee is associated with reduced mortality [95]. Tea
and coffee contain other phytonutrients such as polyphenols, and it may be that these are
responsible for their health benefits [95]. Coffee consumption later in the day or in high
doses (>200 mg/serve or >400 mg/day) may increase anxiety and reduce quality of sleep,
both of which can negatively influence pain experiences [95]. Decaffeinated options are a
good alternative to avoid increased anxiety or sleep issues. Other sources of caffeine or
guarana such as soft drinks and energy drinks should be avoided, as they contain large
quantities of added sugars and lack nutrients [95]. Energy drinks are also associated with
cardiac and psychological issues [95].

Evidence suggests that excessive alcohol intake can dysregulate descending inhibitory
pathways and reward network circuitry, which can lead to hyperalgesia [96]. Alcohol also
disrupts REM sleep, which can feed into the cyclic relationship between poor sleep and
poor eating habits [74,97]. Resveratrol, an antioxidant with anti-inflammatory properties
that can be found in red wine may play a role in reducing pain severity [98]. The best
advice is to follow national alcohol guidelines such as the National Health and Medical
Research Council guidelines in Australia to consume no more than 10 standard drinks per
week [99].

2.3. Nutrition Considerations for Vulnerable Groups
2.3.1. Older People

Advancing age is major risk factor for developing CNCP. Approximately 20% of
adults in the Western world experience CNCP; however, this almost doubles in those aged
over 65 years [2,4]. It is also estimated that up to 93% of residents in aged care experience
CNCP [100]. As the population ages, the prevalence is expected to increase over time,
which will lead to increased healthcare burden and costs.

Malnutrition and dehydration are highly prevalent among older people, especially
those in residential aged care facilities. See Table 2 for strategies on how prevent these
issues. These nutrition-related issues are also associated with increased risk of experiencing
pain [100]. Approximately 50% of older people in Australia are malnourished or at risk of
malnutrition, and up to 68% are at risk of dehydration [100]. In addition to an increased risk
of experiencing pain, these issues also result in decreased quality of life and increased risk
of falls and fractures, sarcopenia, confusion, constipation, and fatigue, all of which further
impact the morbidity and mortality of older people [100]. Older people experiencing pain
who are malnourished or dehydrated should be referred to a dietitian for medical nutrition
therapy [100]. Malnutrition is also associated with deconditioning. This leads to a loss of
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muscle mass and strength. Consumption of high quality protein combined with resistance
and strengthening exercises assist in building muscle mass and strength [101]. In Australia,
guidelines state that those aged 70 years and over should consume approximately 1 g
protein per kilogram of body weight per day [102]. Consuming high quality protein sources
(e.g., lean meat, eggs, nuts, and legumes) across 2-3 meals per day optimises muscle protein
synthesis [103].

Table 2. Nutrition-related tips and strategies to assist older people in managing pain experiences [100].

Monitor Signs for Monitor Signs for

Malnutrition and Reduced Fluid Stimulate Appetite Increase Fluid Improve Eating Reduce
Risk of Intake and Risk of PP Intake Experience Constipation
Malnutrition Dehydration
Assess and Ongoing pain Offer smaller Offer small Ensure older Encourage
regularly and dementia portions more frequent people have high fibre
screen older may reduce frequently drinks choices at meal foods, e.g.,
people to ability and throughout the between meals times keep the skin
determine their memory day Offer foods Find out food on fruit, high
nutrition status Not feeling Increase fat, with higher preferences fibre breakfast
Identify thirsty protein and/or water content and cereals
changes in Inconvenience flavour content (e.g., soup, incorporate Dietary
weight, food Medication Ensure meals fruit, and into meals supplements
and drink side effects are appealing yoghurt) Provide eating (e.g., psyllium
intake and Unable to Ensure drinks assistance, husk) can be
appetite access drinks are clearly and where needed added to foods
Identify gas- Fluid easily Ensure dining if needed
trointestinal restrictions accessible environment is Laxative
symptoms Ensure appealing and/or stool
Monitor adequate Do not rush softening
changes in support for meals agents may be
mobility and drinking and needed.
function toileting is Increased fluid
Identify available if is also required
psychological needed for these to be
disease and/or effective
dementia Contraindications: - Beverages
heart failure containing
and fluid sorbitol
restrictions (e.g., prune or

Ppear juice)

2.3.2. Culturally and Linguistically Diverse Populations

CNCP disproportionally affects culturally and linguistically diverse populations
(CALD), migrants, and refugees [3]. In a cross-sectional study conducted by Kurita 2012
et al., it was reported that the prevalence of CNCP in Danish-born participants was 26%,
compared to non-Western born participants in whom the prevalence was 40% [3]. Several
studies conducted in Sweden, Switzerland, and Denmark show that immigrants, espe-
cially from non-Western backgrounds, have more diagnosed musculoskeletal conditions,
higher pain intensity, healthcare utilisation, and increased risk of poor mental health [104].
CALD populations are also less likely to engage in treatment options and have poorer
outcomes [104] Systematic reviews frequently limit literature searches to studies published
in English and observational and experimental studies often exclude non-English speaking
people [104].

There are a variety of complex biopsychosocial and lifestyle factors that influence
pain experiences and nutrition practices and beliefs for CALD populations. Some cultures
may put different emphases on the relationship between nutrition and the biomedical
contribution to pain experiences.

Different cultures have varying beliefs around different foods and their potential role
in healing and pain. For example, arthritis may be considered a “hot” condition that needs
to be treated with “cooling” foods. In some cultures, food preparation may be a major part

76



J. Clin. Med. 2021, 10, 5203

of identity, and the loss of ability to express this identity may cause significant distress
and worsen an individual’s pain. The impact of language can also directly affect nutrition
quality, making it more difficult to shop and read labels, while experiencing pain may also
make it more difficult to be able to study and participate in a new culture and language.
Culture also affects the types of food eaten, and the manner and volume of eating. In
addition, food is frequently an important component of traditions and celebrations.

3. Future Directions for Clinical Practice

In order to optimise therapeutic outcomes, pain services should incorporate nutrition
screening, assessment, and treatment alongside treatments from other allied health pro-
fessionals. These should be developed and implemented in conjunction with dietitians
and integrated into current pain management practice. Evidence shows that a clinically
meaningful reduction in pain can be achieved with personalised dietary advice for pa-
tients experiencing CNCP [53]. The whole-person approach to pain management can be
strengthened with the inclusion of a person-centred dietary assessment and intervention.
Similarly, multidisciplinary teams can also be strengthened with the inclusion of a regis-
tered or accredited dietitian to provide this service. It should be acknowledged that while
there is dietary advice that can be given to anyone experiencing pain, it is not always a
one-size-fits-all approach and dietitians are best placed to provide individualised medical
nutrition therapy where needed. In services where this may not be possible, another option
is establishing a consultative relationship with a dietitian outside the service. The dietitian
can provide their expertise by leading nutrition professional development for clinicians
and nutrition programs for individuals and patient groups.

In contemporary practice, dietary assessment of patients attending pain services is
uncommon and, therefore, there is very limited information about the dietary intakes and
behaviours of patients outside of research studies. To effectively translate research findings
from nutrition-based studies, it would be helpful to have a greater understanding of the
nutritional status of patients. Collaborations and networks exist to collect data from pain
services around the world to assist with benchmarking, but this data does not currently
include dietary information.

Exploring the role of telehealth in providing treatments to patients, nutrition-related
or otherwise, is also something that should be considered, given some of the barriers
patients face in attending face to face appointments [105]. These may include travel time,
cost, and accessibility to services. This would extend the reach of dietary treatment to
patients who may not currently be able to access it. Contingent upon a viable funding
model, nutrition education and behaviour change can easily be delivered via telehealth
and there is evidence to support its use for many chronic health conditions [105].

Advocacy needs to continue for the role of nutrition in CNCP management. This
can be done at a local, national, or international level through pain services, national pain
societies, government prevention strategies and strategic plans, dietetic organisations,
consumer groups, and the International Association for the Study of Pain.

4. Future Directions for Research

It is evident from the included studies that gaps exist in research that has been
undertaken to explore the relationships between nutrition and pain management. The
systematic reviews found that the heterogeneity among studies made it difficult to draw
strong conclusions. Future intervention studies need to include larger, higher powered
sample sizes and test both the efficacy and effectiveness of the intervention. It would also
be valuable to include other outcomes such as physical function, psychological measures,
biomarkers of inflammation, blood glucose, blood lipids, and blood pressure to determine
the effect of interventions on comorbid mental and physical health conditions.

Another limitation of current evidence is the lack of information provided on the
intervention components and methods of the included studies. It is therefore difficult to
extract precise information on intervention content, mode and frequency of delivery, and

77



J. Clin. Med. 2021, 10, 5203

the qualifications of the person who delivered the intervention. For example, interventions
may be categorised as vegetarian or vegan without specifying critical components such
as amounts of sugar and/or refined grains. All of this information is required in order to
replicate interventions and translate findings into clinical practice. If future studies better
report methodologies and results it would lead to more consistent analysis and synthesis
of outcomes and more meaningful interpretation.

The implementation of routine dietary assessment is another important consideration
for chronic pain trials. Use of consistent and comprehensive assessment tools is key.
Participant burden can be reduced by utilising tools which incorporate technology such as
image-based food records. Many of the studies included in the systematics reviews used a
unidimensional measure of pain, such as a visual analogue scale. Multidimensional tools
that incorporate pain interference and pain self-efficacy provide a more comprehensive
measure of pain outcomes, especially in the context of the whole-person approach.

When translating the research into clinical settings, one should consider using co-
production or co-design methods to engage and include stakeholders in the development
and undertaking of research studies to ensure that the intervention is feasible and accept-
able to the local context. Engaging stakeholders will also ensure that the intervention is
appropriate and relevant for their needs and wants. With an increased focus on knowledge
translation and implementation science, these types of studies are required to ensure that
interventions work in the real world.

5. Conclusions

Diet should play a pivotal role in pain management. There is a strong link between
diet and systemic inflammation and other chronic health conditions associated with CNCP.
Best evidence pain management incorporates active strategies that target biopsychosocial
and lifestyle factors such as biomedical, mind-body connection, physical activity, sleep, and
nutrition. These factors are of variable importance in different individuals and complex
inter-relationships exist between them. Nutrition is an area that traditionally has not
received sufficient attention in CNCP management. This state-of-the-art paper summarises
the relationships between diet, inflammation, comorbidities, and pain management, and
uses the current literature to provide recommendations on improving the dietary habits
and behaviours of those experiencing CNCP. The paper also proposes future directions for
practice and clinical research in this space.
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Appendix A. Key Messages and Practical Nutrition Tips for Pain Management

(adapted from Brain et al., 2020 [89])
Key Messages:

1.  People with chronic non-cancer pain (CNCP) should be encouraged to consume:

a. A wide range of nutrient-dense foods (e.g., fruits, vegetables, whole grain
breads and cereals, meat, dairy, and their alternatives) to ensure they are meet-
ing their nutritional requirements.
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b.  The recommended amount of fruit and vegetables should be based on your
country’s dietary guidelines and to focus on consuming a rainbow of colors
every day.

C. Long chain and monounsaturated fats (e.g., omega-3 and olive oil).

d.  More fibre and fluid. Adult females should consume 25 g/day of fibre and
adult males 30 g/day. Adults should aim for 2-3 L of water per day.
e. Less ultra-processed foods and foods containing added sugars.

Find resources and strategies through your country’s dietetic organisation such as
Dietitian Australia, the Academy of Nutrition and Dietetics, The European Federation
of the Associations of Dietitians, or the British Dietetics Association that support this
information and that you can provide to patients that will assist them.

Practical Tips for Conducting Dietary Assessments:

Assist patients to screen their diet quality using tools such as the Healthy Eating Quiz
If you are concerned about potential nutritional deficiencies consider referring pa-
tients to a dietitian for a comprehensive dietary assessment and personalised advice
and support.

Practical Tips to Optimize Diet Quality

Become familiar and learn about your country’s dietary guidelines.

Use an inclusive approach, emphasise important foods that should be added (e.g.,
vegetables), rather than focusing on foods that should be removed (e.g., energy-dense
snack foods).

Ensure that nutrition-based education is aimed at improving diet quality, as this will
address systemic inflammation and enhance pain management.

Be aware that this is a broad approach and there may be individualized variation. For
personalized dietary advice patients should be referred to a dietitian.

Educate patients on the role of vitamins and minerals in pain management and food
sources of these nutrients. For example, good dietary-sources of Vitamin D include
fish and eggs, good sources of Vitamin B12 are meat, fish, and dairy, and magnesium
can be found in green leafy vegetables and whole grains.

Encourage patients to spend some time outside to obtain Vitamin D from sun exposure.
For most people, 10-15 min of sun on the arms and legs most days of the week will
provide most of the Vitamin D required. However, this will vary based on location
and the time of year.

Practical Tips for Fruit and Vegetable Consumption Which are Rich in Phytonutri-
ents to Reduce Oxidative Stress

Educate your patients on the important role of fruits and vegetables in pain management.
Encourage your patients to buy in-season fruits and vegetables and to try a new fruit
or vegetable each week where possible.

If preparation and cooking is an issue for your patients, encourage them to include
variety by using frozen mixed vegetables or reduced-salt canned vegetables (e.g.,
tomatoes and lentils), which can be easily incorporated into meals such as stir-frys,
stews, or pasta dishes. Frozen fruits and vegetables are a great option as they maintain
their nutritional quality.

Work with your patient to come up with ways to incorporate fruit and vegetables into
their daily routine, e.g., including vegetables as a snack throughout the day, ensuring
half their plate is covered in vegetables at main meals, using frozen berries as a snack,
or the addition of yoghurt or cereal.

Practical Tips for Consuming Long Chain and Monounsaturated Fats (e.g., Omega-
3 and Olive Oil)

Educate patients on the role of omega-3 and olive oil in pain management.
Communicate, motivate and encourage patients to consume foods high in omega-3
and olive oil.
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O Consume oily fish (e.g., salmon and sardines), flax seed oil or canola oil, linseed,
and walnuts to boost omega-3 intake. Aim for a minimum of 2-3 servings of
oily fish per week.

@) Use extra virgin olive oil as the preferred oil in cooking and salad dressings.

O Reduce saturated and trans fats (e.g., butter, processed foods, and hydro-
genated vegetable oils).

O Limit polyunsaturated fats high in omega-6 such as sunflower and safflower oils.

e  Supplements: It is preferable to focus on diet quality through food intake rather than
via supplements. Seek advice from a dietitian or medical professional if your patient
is considering high doses of fish oil supplements. Evidence suggests that 3000 mg of
omega-3, over a 3-month period reduces pain experiences, especially in rheumatoid
arthritis [106]. There are two types of omega-3 fats in fish oil supplements, EPA and
DHA. Supplements which have a ratio of EPA/DHA of >1.5 are most beneficial.
Suggest good quality brands which contain high doses of omega-3.

Practical Tips to Increase Fibre and Water Consumption

e Encourage patients to consume the recommended serves of fruits and vegetables to
increase fibre intake.

e  Provide practical suggestions such as switching to whole meal or whole grain breads,
pasta, and breakfast cereals. Keep the skin on fruits and incorporate a variety of
mixed vegetables and lentils into meals. Add psyllium husk or bran to meals at
breakfast time.

e Fill alarge (1.5 L) drinking bottle with water every day and set a goal to consume it
throughout the day.

Practical Tips to Reduce and Limit Ultra-Processed Food and Added Sugar Intake

e  Work with patients to swap sugary and energy drinks for water or mineral water
flavoured with fresh fruit.

e  Encourage consumption of healthy convenient snacks such as fruit, vegetable sticks,
or yoghurt.

e Incorporate strategies to help patients cook meals at home rather than relying on
highly processed conveniently prepared or take away foods.

e  Recommend cooking meals in bulk and freezing the leftovers so patients have a quick,
easy, and healthy meal they can have when they have a flare up and do not feel
like cooking.

Practical Nutrition Tips for Vulnerable Populations

Older People

Clinicians and aged care facilities should monitor for signs of malnutrition and dehy-
dration. Assist older people and their families to optimise their food and fluid intake to
reduce pain experiences in older people. Some practical tips and strategies can be found in
Table 2.

People from CALD Backgrounds
e Be aware of eating patterns and beliefs of the cultural group you are working with

(recognising individual variation).

Adapt your practice accordingly and include family and community where possible.

Culturally informed approaches enhance engagement [107].
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Abstract: Insomnia is a major problem in the chronic spinal pain (CSP) population and has a negative
impact on health and well-being. While insomnia is commonly reported, underlying mechanisms
explaining the relation between sleep and pain are still not fully understood. Additionally, no
reviews regarding the prevention of insomnia and/or associated factors in people with CSP are
currently available. To gain a better understanding of the occurrence of insomnia and associated
factors in this population, we conducted a systematic review of the literature exploring associates for
insomnia in people with CSP in PubMed, Web of Science and Embase. Three independent reviewers
extracted the data and performed the quality assessment. A meta-analysis was conducted for every
potential associate presented in at least two studies. A total of 13 studies were found eligible, which
together identified 25 different potential associates of insomnia in 24,817 people with CSP. Twelve
studies had a cross-sectional design. Moderate-quality evidence showed a significantly higher
rate for insomnia when one of the following factors was present: high pain intensity, anxiety and
depression. Low-quality evidence showed increased odds for insomnia when one of the following
factors was present: female sex, performing no professional activities and physical/musculoskeletal
comorbidities. Higher healthcare use was also significantly related to the presence of insomnia. One
study showed a strong association between high levels of pain catastrophizing and insomnia in
people with chronic neck pain. Last, reduced odds for insomnia were found in physically active
people with chronic low back pain compared to inactive people with chronic low back pain. This
review provides an overview of the available literature regarding potential associates of insomnia
in people with CSP. Several significant associates of insomnia were identified. These findings can
be helpful to gain a better understanding of the characteristics and potential origin of insomnia in
people witch CSP, to identify people with CSP who are (less) likely to have insomnia and to determine
directions of future research in this area.
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1. Introduction

Chronic spinal pain (CSP) is a highly prevalent and debilitating condition associated
with poor quality of life and high socioeconomic impact [1-5]. Furthermore, CSP can
coexist with many comorbidities (like other chronic diseases), which generally leads to
larger negative effects on physical and mental functioning, a reduced treatment response,
higher levels of disability and higher costs compared to CSP alone [6-8].

Insomnia, defined as the presence of a long sleep latency, frequent nocturnal awak-
enings, prolonged periods of wakefulness during the sleep period or early awakenings,
is common in people with CSP [9-12]. Up to 59% report insomnia, making it one of the
most reported comorbidities in CSP [9-12]. Moreover, people with chronic low back pain
are 18 times more likely to experience insomnia compared to people without chronic low
back pain [11]. If left untreated, insomnia negatively impacts mood, physical symptoms,
pain sensitivity, fatigue and health-related quality of life [13,14]. Additionally, insomnia is
related to less productivity and increased work absenteeism [15]. Considering all of the
above, co-occurring CSP and insomnia present a serious public health challenge which is
currently rarely addressed in treatment [11].

Currently, underlying mechanisms explaining the relation between sleep and pain
are still not fully understood [16]. A recent review provided an overview of the available
evidence regarding investigated putative mediating variables on the pathway between
sleep variables and pain intensity [17]. Based on the available body of research, they
speculated that psychological and physiological components of emotional experience and
attentional processes are likely mediators. However, this review focusses on the factors
influencing the link between sleep and pain (i.e., mediators) in the general pain population.
None of the included studies investigated mediators or associated factors specifically in
people with CSP. Additionally, the review did not include studies which investigated
potential associated factors if no formal test of mediation or a test of the significance of
mediated effects was conducted.

A clear overview of factors (including socio-demographic, psycho-social and lifestyle
factors) associated with insomnia in people with CSP could lead to a better understanding,
a change in decision making and further improvement of preventive and treatment strate-
gies (i.e., targeting possible identified factors). Yet, since such an overview is currently
unavailable, the purpose of this systematic review and meta-analysis is to provide an
overview of associates of insomnia in people with CSP. The primary aim of this review is to
determine which factors are associated with insomnia in people with CSP. The secondary
aim is to determine the strength of association for these factors.

2. Methods

This systematic review was conducted in accordance with the PRISMA guidelines and
initially registered in the PROSPERO database (registry number CRD42018116710) [18]. A
search for eligible studies was performed in three electronic databases, i.e., PubMed, Web
of Science and Embase. The last search was conducted on 12 September 2019.

2.1. Identification and Selection of Studies
2.1.1. Eligibility Criteria

Studies were eligible when meeting the following criteria: (1) including adults (>18 years)
suffering from non-specific CSP (i.e., low back pain or neck pain not attributable to a specific
pathology) for at least 3 months, (2) reporting insomnia-related outcomes [19,20], such as
variables described in terms of sleep disturbances, sleep difficulties, sleep problems, restless
sleep, disturbed sleep and sleep continuity;,(3) presenting data to identify associated factors
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with insomnia (i.e., odds ratios (ORs) or sufficient data to calculate the ORs) and (4) being
written in English, French or Dutch.

The next criteria were applied for exclusion of studies: (1) abstracts, case reports,
reviews, meta-analysis, letters and editorials, and (2) studies including participants diag-
nosed with specific medical conditions that can explain CSP (e.g., neck or back surgery in
the past three years, osteoporotic vertebral fractures or rheumatologic diseases), diagnosed
with chronic widespread pain (fibromyalgia or chronic fatigue syndrome), being shift
workers, suffering from severe underlying sleep-related comorbidities or being pregnant
or were pregnant in the preceding year.

2.1.2. Information Sources

A systematic search was conducted in PubMed, Web of Science and Embase. The
search in PubMed was performed using MeSH terms and free keywords based on the
PECO-acronym, in which the “population” (P) was represented as people with CSP, the
“exposure” (E) as potential associates and the “outcome” (O) as insomnia. Since studies
without comparison groups were eligible, no search terms for “comparison group” (C)
were used in the final search. Using free keywords, a comparable search was performed
in Web of Science and Embase. No search filters were used. An overview of the applied
search terms can be found in Table S1. Full search strategies of all databases are presented
in Supplementary file S1. Additionally, reference lists of the relevant articles were hand-
searched for additional eligible papers.

2.1.3. Study Selection

After removing duplicates, three reviewers (C.S., I.D. and T.B.) independently screened
all retrieved records to determine the eligibility. First, all records were screened by title
and abstract in a blinded standardized manner using Rayyan software [21]. Studies that
presented relevant data in accordance with the review question were included, even if the
main research question was not relevant for this review. All discrepancies were resolved
by consensus among the three researchers. When no agreement could be reached through
discussion, a fourth author (A.M.) made the final decision. Reasons for exclusion were
registered in all phases.

2.2. Data Collection Process

Three authors (C.S., I.D. and T.B) extracted the relevant data independently us-
ing a self-created data extraction form containing the following items: (1) author, (2)
year of publication, (3) study design, (4) sample size, (5) nature of the sample, (6) age
(years + standard deviation), (7) assessment methods of insomnia, (8) prevalence rate of in-
somnia and (9) investigated or determinable potential associates. Data of factors/variables
investigated in each study were extracted and presented in the tables, figures and meta-
analyses of this review if ORs could be determined. Variables presented in the included
studies without sufficient data to determine ORs were not included. One reviewer (T.B.)
checked the extracted data and resolved any disagreement.

2.3. Risk of Bias Assessment of Individual Studies

Three reviewers (C.S., I.D. and T.B.) evaluated the methodological quality and risk of
bias by using an adapted form of the Newcastle-Ottawa Scale (NOS), independently [22,23].
The NOS assesses the quality of studies in three main areas, i.e., selection, comparability
and outcome or exposure, and leads to a maximum total score of 10. The quality of indi-
vidual studies was rated as high, moderate and low based on designated thresholds [24].
Studies with a score of >7 out of 10 were considered high quality, studies with at least a
score of 5 were rated as moderate quality and a score lower than 5 was considered low
quality. Strict scoring criteria were determined a priori based on findings in the litera-
ture [25-29]. The response-rate was considered “satisfactory” when it reached >80% [25].
The sample size was considered “justified and satisfactory” if the number of needed partic-
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ipants was reached based on a sample size calculation, or when the study is a national or
epidemiological study. For the section “comparability”, two points were possibly awarded:
one for controlling for age or sex, and one for controlling for any other factor. Since age and
sex differences in sleep are common [26—29], both factors were considered to be the most
important factors to be controlled for. When an item was not described, a score of zero was
given for that particular item. Overall risk of bias was considered “high” if the total score
was 4 or lower. A score of at least 7 was considered as a “low” risk of bias. Uncertainties
were solved by consensus among the three reviewers. The used NOS-version with details
about the scoring criteria is provided in Supplementary file S2.

2.4. Summary Measures

The primary outcome measures were ORs with 95% confidence intervals (Cls). For
every meta-analysis, a pooled OR (ORp) with 95% CI and p-value is presented. The
statistical significance level (alpha) was set at 0.05.

2.5. Methods of Analysis

The number of subjects within the investigated subgroups (exposed subgroup and
unexposed subgroup to the potential associated factor) with and without insomnia were
collected to calculate ORs for each factor using Revman software (Review manager 5.3).
Subsequently, random effects meta-analyses were performed for all the factors which
were presented in at least two of the included studies [30]. The heterogeneity (I?) was
assessed by the method proposed by Higgins et al. [30]. To determine the significance
of the heterogeneity amongst studies, a Chi-squared (X?) test was conducted with an
alpha set at 0.05 [31,32]. When a high heterogeneity (I> > 50%) between studies was
present [33], subgroup analyses (based on NOS-score, study design, pain location and
used measurement tools) were performed to possibly clarify the underlying systematic
differences and reduce the substantial heterogeneity.

2.6. Quality of Evidence

A modified version of the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) criteria was used to assess the quality of evidence for all analy-
ses [34]. The criteria were modified to make them more suitable and relevant. The quality
of evidence was downgraded from high by one level based on: phase of investigation
(cross-sectional), study limitations (>25% of participants from studies with high risk of
bias), inconsistency of results (I> > 50%), imprecision (sample size < 400 participants),
indirectness (e.g., inclusion of different populations and interventions) and publication
bias (funnel plot and the Egger test if >10 studies [35]). Evidence was upgraded when
there was at least a moderate effect size (OR > 2.5), or evidence of an exposure-response
gradient.

3. Results
3.1. Study Selection

The systematic search resulted in a total of 953 articles on PubMed, 1790 articles on
Web of Science and 1647 articles on Embase. A total of 13 articles were included after
the removal of duplicates, title and abstract screening and full-text eligibility assessment.
No additional records were identified through hand-searching. The selection process is
illustrated in Figure 1. An overview of the excluded articles assessed at full text and the
reason for exclusion is presented in Table S2.
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Identification

Eligibility

Number of records identified
through database searching
(n =4390)
PubMed (= 953)
Web of Science (n = 1790)
Embase (n = 1647)

!

Number of records after removal of duplicates (n = 2895)

v

Number of records

screened (n=2895) Number of records excluded

(n =2760)

+ Wrong population
(n=1436)

+ Wrong study design
(n=434)

+ Wrong outcome (n = 882)

+ Foreign language (n = 5)

+ Duplicates (n=3)

v

Number of full-text
articles assessed for
eligibility (n = 135)

Number of records excluded
(n=122)
+ Wrong population (n = 29)
+ Wrong publication type
(n=28)

+ Wrong outcome (n = 54)
+ Foreignlanguage (n=1)
+ Duplicate (n=10)

v

Studiesincluded in
qualitative synthesis
(n=13)

A

Studiesincluded in
meta-analyses
(n=7)

Figure 1. Flow diagram illustrating the study selection process.

3.2. Study Characteristics

Twelve out of thirteen included studies were cross-sectional studies [11,12,36-45].
One included study was a cohort study [46]. A total of 24,817 participants were included
across all studies, with sample sizes ranging from 70 to 10,849 participants [11,41]. The
prevalence rate of insomnia across the studies ranged from 11% to 92% [12,38]. Nine
studies used a validated questionnaire to retrieve information regarding the presence
of insomnia [11,12,36,39,40,42,44—46]. Three other studies used a self-designed question-
naire [38,41,43] and one study made use of a health database [37]. A detailed overview of
the characteristics of the included studies can be found in Table 1.
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Table 1. Characteristics of the included studies.

Sample Nature of the Age (Range Pain Prevalence
Author Design  Size S and/or Years . Sleep Outcome Rates of Investigated Factors
ample Duration .
N) + SD) Insomnia
a1s Care seeking CLBP . Sex, age, other physical
Aili et al. C 1408 and CNP, Range: 20-59 y >6 mo Karolinska Sleep M illness, professional
2015 R Questionnaire ..
community sample activity
Professional activity,
- i dical
CLBP, Short Psychiatric o Income, me
Blay et al. cs 2997 population-based Range: 60-81y >6 mo Evaluation 42.5% sleep con_sul.t ation,
2007 cample Schedule disturbance hospitalizations,
P self-rated health,
physical activity
Opioid naive:
26.04 £+ 50.21 Data extracted
Dimarco CLBP, sample in mo from Military o . . L
etal. 2018 s 709 clinical setting 349+ 119y Prior opioid Health System 19% insomnia Prior opioid use
users: 22.64 + Data Repository
46.26 mo
. 522+ 152y Modified insomnia o
Ho eral cs s CLBP community Range: >3 mo criteria from o High CRP level
P 19.1-959y DSM-5
Sex, age, BMI, pain
duration, pain score,
spine surgery history,
shoulder or arm pain,
Kim et al. CNP, sample in 528 £ 143y Insomnia Severity 53.7% mild to neck moblhty prol?lems,
Cs 218 A N >3 mo severe myofascial pain
2015 clinical setting Range: 20-83 y Index . . .
insomnia components, anxiety,
depression, headache,
comorbid
musculoskeletal
conditions
Majid et al. CLBP, sample in Insomnia Severity 58.7% sleep
2017 s 358 clinical setting NM 23mo Index disturbance Sex
Marin et al. cs 268 CLBP, sample in 47y = NM >6mo Pittsburgh Sleep 92% sleep Sleep medication intake
2006 clinical setting Range: 18-89y = Quality Index disturbances after pain
Mork et al. CLBP and CNP, Self-Reported Sex, physical activity,
2013 s 10,849 community sample 430139y 23mo Questionnaire NM BMI
Park et al. CNP, sample in 528 +£147y Insomnia Severity 24.22% clinical . ..
2016 cs 256 clinical setting Range: 20-84 y 23mo Index insomnia Pain catastrophizing
Traumatic:
. . 435+ 114y Self-reported o
Ris et al. cs 200 CNF, sample in Non- >6 mo Disturbed 19.5% sleep Traumatic Onset
2017 clinical setting . . disturbances
traumatic: 47.5 nights/week
+113y
Shmagel CLBP, community . NAHANS 52.7% sleep
etal. 2016 s 700 sample Range: 20-69y 23mo Questionnaires disturbances Healthcare Use
53% with
Tang et al. CLBP, sample in 46 £109y Insomnia Severity moderate or
2007 cs 70 clinical setting Range: 18-65y 26mo Index severe Sex, race
insomnia
Wang et al. Insomnia Severity 25.8% clinical Depression, anxiety,
2016 cs 225 CLBP 407+ 114y 23 mo Index insomnia severity of CLBP

Abbreviations: BMI, body mass index; C, cohort; CLBP, chronic low back pain; CNP, chronic neck pain; CRP, C-reactive protein; CS,
cross-sectional; DSM-5, the Diagnostic and Statistical Manual of Mental Disorders 5th Edition; mo, month; NHANES, National Health and
Nutrition Examination Survey; NM, not mentioned; y, year.

3.3. Risk of Bias within Studies

The overall methodological quality of the included studies is moderate to high, with
scores ranging from 5 to 8 out of 10. Five out of thirteen studies were rated high quality;,
implying a “low” risk of bias. The other seven studies were rated as moderate quality,
implying a “moderate” risk of bias. The main weakness was the relatively low response
rate and the lack of comparison between the non-respondents and respondents (11 studies).
The second most common source of bias was the lack of control for confounders (6 studies).
The results of the quality assessment are presented in Table 2.
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Table 2. Quality assessment by the Adapted Newcastle-Ottawa scale.

Studies Selection Comparability Outcome Total
Representativeness ~ Sample Non- (ﬁst;eertgfl;?:uri Confounding Assessment of Statistical
of the.Sample Si.ze Requndents (Factor) FaFtors the Qutcome Te.st Mear} =6.23
(Maximum 1 (Maximum (Maximum (Maximum 2 (Maximum 2 (Maximum 2 (Maximum Median =6
star) 1 Star) 1 Star) Stars) Stars) Stars) 1 Star)

Aili et al. 2015 A A Ri0A W * * 8
Blay et al. 2007 Yo Y g Y Y * 6
Dimarco et al. 2019 * * PAG ¢ * * 7
Ho etal. 2019 A A A0 Yo A * 8
Kim et al. 2015 A A0 A * 5
Majid et al. 2017 ¢ * K * 5
Marin et al. 2006 * * * = * 5
Mork et al. 2014 * * * * * hx¢ 6
Park et al. 2016 Y * e * * 6
Ris et al. 2017 AS * * A * 5
Shmagel et al. 2016 * * * PAG * * 7
Tang et al. 2007 ¢ K ¢ * * 6
Wang et al. 2016 * DA% RAQ*e = * 7

The quality of the included studies is scored in three main areas, i.e., selection, comparability and outcome or exposure. Every star
represents one point, which leads to a maximum total score of 10. The quality of individual studies were rated as high, moderate and low
based on designated thresholds [24]. Studies with a score of >7 out of 10 were considered high quality. Studies with at least a score of 5
were rated as moderate quality studies. A score lower than 5 was considered low quality. Overall risk of bias was considered “high” if the
total score was 4 or lower. A score of at least 7 was consider as “low” risk of bias.

3.4. Synthesis of Results

In total, 25 different potential associates across 13 studies were identified. An overview
of all included studies, including the identified factors and related ORs, is presented
in Table 3. A meta-analysis was conducted for all the following factors which were
presented in at least two of the included studies: sex (being female) [11,39-41,46], age
(older age) [39,46], body mass index (BMI) [39,41], physical activity [36,41], professional
activity [36,46], comorbidities [39,46], high pain intensity [39,45], depression [39,45] and
anxiety [39,45]. No significant heterogeneity was found between studies analyzed for sex
(1% = 17%, p = 0.30), age (1> = 0%, p = 0.99), BMI (1> = 0%, p = 0.43), professional activity
(I = 0%, p = 0.78), pain intensity (I> = 0%, p = 0.92), depression (I> = 0%, p = 0.98) and
anxiety (I> = 0%, p = 0.59). The assessment of the overall quality of the evidence for each
analysis can be found in Table S3. Moderate-quality evidence was found for the factors
pain intensity, anxiety and depression. Low- or very-low-quality evidence was found for
the other examined factors.

3.5. Sex

Five studies reported on biological sex as a potential associated factor with insomnia
(n=12,722) [11,39-41,46]. The combined data indicates that female patients are more likely
to have insomnia compared to male patients (ORy, 1.45, 95% CI = (1.22-1.71), p < 0.0001,
low-quality evidence) (Figure 2A).

3.6. Age

Age was studied in 2 articles (1 = 1626) [39,46]. No significant intergroup difference in
insomnia prevalence was observed between older and younger people with CSP (OR;, 1.08,
95% CI = (0.87-1.33), p = 0.49, low-quality evidence) (Figure 2B).

3.7. Body Mass Index

Two studies reported on BMI (n = 10,886) [39,41]. No significant association was
found between the presence of insomnia and a higher BMI (OR;, 1.12, 95% CI = (0.94-1.35),
p = 0.21, low-quality evidence) (Figure 2C).
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Table 3. Overview of included studies with the potential associates and related odds ratios.

Number of
Number of Number of Participants in
. . . Participants P (Adjusted) Odds
Author Factor Participants with . . Reference and . o
. without Insomnia . Ratio [95% CI]
Insomnia (n) Investigated
(n)
Subgroup (n)
Sex 529 879
- Women 380 515 895 1.80 [1.43-2.27]
- Men 149 364 513 1.0
Age 529 879
N - >45 years 234 373 607 1.08 [0.87-1.34]
Ailietal.  _ 45 years 295 506 801 1.0
2015
Other physical illness 529 879
- Yes 120 133 253 1.65 [1.25-2.17]
-No 409 746 1155 1.0
Professional activity 529 879
- Not working 76 81 157 1.65[1.18-2.31]
- Working 453 798 1251 1.0
Professional activity 1274 1723
- Yes 115 231 346 1.0
-No 1159 1492 2651 1.56 [1.23-1.98]
Income 1274 1723
- High 312 631 943 0.56 [0.48-0.66]
- Low 962 1092 2054 1.0
Medical Consultation 1274 1723
- Yes 1041 1299 2340 1.46 [1.22-1.74]
Blayetal.  -No 233 424 657 1.0
2007 .
Hospitalizations 1274 1723
->1 359 323 682 1.70 [1.43-2.02]
-<1 915 1400 2315 1.0
Self-rated health 1274 1723
- Impaired 1117 1170 2287 3.36 [2.77-4.09]
- Not impaired 157 553 710 1.0
Physical activity 1274 1723
- Yes 410 665 1075 0.75 [0.65-0.88]
-No 864 1058 1922 1.0
Opioid user 112 592
Dlm%cl‘;et al e 93 391 484 2.52 [1.49-4.24]
-No 19 201 220 1.0
CRP Level 719 5840
- Elevated or very high 205 1390 1595 1.27 [1.07-1.52]
Hoetal. 2019 - Very high 37 256 296 1.25[0.88-1.79]
- Elevated 168 1134 1302 1.28 [1.06-1.54]
- Normal 514 4450 4964 1.0
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Table 3. Cont.

Number of

Number of Number of Participants in
. . . Participants P (Adjusted) Odds
Author Factor Participants with . . Reference and . o
. without Insomnia . Ratio [95% CI]
Insomnia (n) Investigated
(n)
Subgroup (n)
Sex 50 168
- Women 30 94 124 1.18 [0.62-2.25]
- Men 20 74 94 1.0
Age 50 168
- >65 years 12 38 50 1.08 [0.51-2.27]
- <65 years 38 130 168 1.0
BMI 50 168
- >25kg/m? 17 44 61 1.45 [0.74-2.86]
- <25 kg/m? 33 124 157 1.0
Pain duration 50 168
- >1year 28 78 106 1.47[0.78-2.77]
- <1 year 22 90 112 1.0
Pain score 50 168
2.94 [1.53-5.64];
- >7NRS 31 60 91 Adj. 2.46
[1.12-5.40]
- <7 NRS 19 108 127 1.0
History of spine surgery 50 168
K“;Sle; al e 7 15 22 1.74 [0.50-6.04]
-No 43 153 196 1.0
Shoulder or arm pain 50 168
- Yes 31 99 130 1.14 [0.60-2.18]
-No 19 69 88 1.0
Neck mobility problems 50 168
- Yes 13 43 56 1.02 [0.50-2.10]
-No 37 125 162 1.0
Comorbid
musculoskeletal pain 50 168
conditions
3.51 [1.80-6.84];
- Yes 24 35 59 Adj. 2.82
[1.22-6.54]
-No 26 133 159 1.0
Cqmorbld neuropathic 50 168
Ppain component
- Yes 16 24 40 2.824 [1.354-5.887]
-No 34 144 178 1.0
Myofascial pain 50 168
components
- Yes 20 50 70 1.57 [0.82-3.03]
-No 30 118 148 1.0
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Table 3. Cont.

Number of
Number of Number of Participants in
. . . Participants P (Adjusted) Odds
Author Factor Participants with . . Reference and . o
. without Insomnia . Ratio [95% CI]
Insomnia (n) Investigated
(n)
Subgroup (n)
Anxiety 50 168
3.62 [1.84-7.12];
-HADS-A > 8 23 32 55 Adj. 1.42
[0.58-3.48]
-HADS-A <8 27 136 163 1.0
Depression 50 168
5.65 [2.87-11.13];
-HADS-D > 8 29 33 62 Adj. 3.69
[1.57-8.67]
-HADS-D <8 21 135 156 1.0
Headache 50 168
- Yes 13 35 48 1.34 [0.64-2.78]
-No 37 133 170 1.0
Sex 210 148
Magglit al " Women 131 82 213 1.33 [0.87-2.05]
- Men 79 66 145 1.0
Sleep mgd1cat1on intake 230 18
. after pain
Marin et al.
2006 - Yes 130 4 134 4.55 [1.45-14.25]
-No 100 14 114 1.0
Sex
Low back pain 181 4203
- Women 119 2260 2379 1.50 [1.09-2.05]
- Men 62 1762 1824 1.0
Neck pain 265 6200
- Women 161 3412 3573 1.26 [0.98-1.63]
- Men 104 2788 2892 1.0
Activity Level: leisure
time physical exercise
Low back pain 135 2955
Mork et al.
2013 - Inactive 80 1717 1797 1.0
- Active 55 1238 1293 0.95 [0.67-1.35]
Neck pain 195 4514
- Inactive 110 2659 2769 1.0
- Active 85 1855 1940 1.11 [0.83-1.48]
BMI
Low back pain 181 4022
- >25kg/cm3 86 1693 1779 1.25[0.92-1.68]
- <25 kg/cm3 95 2329 2424 1.0
Neck pain 265 6200
- >25kg/cm3 113 2627 2740 1.01 [0.79-1.30]
- <25kg/cm3 152 3573 3725 1.0
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Table 3. Cont.

Number of
Number of Number of Participants in
. . . Participants P (Adjusted) Odds
Author Factor Participants with . . Reference and . o
. without Insomnia . Ratio [95% CI]
Insomnia (n) Investigated
(n)
Subgroup (n)
Pain catastrophizing 62 194
p a% 1est al. _High 42 44 86 7.16 [3.81-13.43]
- Low 20 150 170 1.0
Traumatic onset 39 161
Ris etal. 2017 - Yes 19 101 120 0.56 [0.28-1.14]
-No 20 60 80 1.0
Healthcare use 172 528
Shmagel etal. - =0 healthcare 124 246 370 2.96 [2.03-4.31]
2016 visits/year
- <10 visits/year 48 282 330 1.0
Sex 37 33
- Women 25 24 49 0.78 [0.28-2.19]
- Men 12 9 21 1.0
Tang et al.
2007 Race 37 33
- Caucasian 26 20 46 1.54 [0.57-4.14]
- Non-Caucasian 11 13 24 1.0
Depression (Diagnosis
of major depressive 58 167
episode)
- Yes 13 8 21 5.74 [2.24-14.71]
-No 45 159 204 1.0
Wang et al. Anx'iety (Piagnosis of an 58 167
2016 anxiety disorder)
- Yes 22 30 52 2.79 [1.44-5.41]
-No 36 137 173 1.0
Pain score 58 167
-VAS >7 32 51 83 2.80 [1.52-5.17]
-VAS <7 26 116 142 1.0

Abbreviations: Adj., adjusted; BMI, body mass index; CI, confidence interval; HADS, Health Anxiety and Depression Scale; LBP, low back
pain; PE, patients exposed; VAS, Visual Analogue Scale.

3.8. Physical Activity

Physical activity was studied in two studies (n = 10,796) [36,41]. No significant
association was found between physical activity and the presence of insomnia in people
with CSP (OR;, 0.90, 95% CI = (0.70-1.17), p = 0.43, very-low-quality evidence). A significant
heterogeneity was observed (I? = 66%, p = 0.43). Since Mork et al. examined chronic neck
and back pain patients and reported both separately, a subgroup analysis including only
the data regarding people with low back pain was performed [41]. This subgroup analysis
resulted in an improvement of the heterogeneity (I* = 30%, p = 0.23). Consequently, ORp
decreased to 0.80 (95% CI = (0.66-0.98), p = 0.03, low-quality evidence), indicating that
insomnia is less common in physically active, chronic low back pain patients (Figure 2D).
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3.9. Professional Activity

Two studies reported on professional activity (n = 4405) [36,46]. The pooled data
showed that people with CSP without any professional activity are more likely to have
insomnia compared to people with CSP who perform a job (ORy, 1.59, 95% CI = (1.31-1.93),
p < 0.001, low-quality evidence) (Figure 2E).

3.10. Comorbidities

Physical or musculoskeletal comorbidities were studied in two studies (1 = 1626) [39,46].
A significant intergroup difference (OR; 2.25, 95% CI = (1.09-4.68), p = 0.03, very-low-
quality evidence) with a significant heterogeneity (I> = 76%, p = 0.04) was observed. Despite
high heterogeneity, no subgroup analyses could be performed as comorbidities were only
discussed in two articles. Furthermore, a subgroup analysis seems unnecessary due to the
results of both studies being in the same direction (Figure 2F).

3.11. Pain Intensity

Pain intensity was considered as a putatively associated factor with insomnia in two
studies (n = 443) [39,45]. The meta-analysis revealed that people with CSP with high pain
intensity levels (VAS/NRS > 7) are more likely to have insomnia compared to those with
lower pain intensity levels (ORp, 2.86, 95% CI = (1.83-4.48), p < 0.001, moderate-quality
evidence) (Figure 2G).

3.12. Depression

Two studies reported on depression as a factor (n = 443) [39,45]. The odds for in-
somnia were 5.68 times higher in people with CSP with depression compared to those
without depression (ORp 5.68, 95% CI = (3.28-9.85), p < 0.001, moderate-quality evidence)
(Figure 2H).

3.13. Anxiety

Two studies discussed anxiety as a factor (n = 443) [39,45]. The pooled data demon-
strated that people with CSP with anxiety are more likely to have insomnia compared to
people with CSP without anxiety (OR 3.17, 95% CI = (1.98-5.09), p < 0.001, moderate-
quality evidence) (Figure 2I).

3.14. Other

Each of the following factors were only discussed in one included article: income [36],
medical consultation [36], hospitalization [36], self-rated health [36], prior opioid use [37],
high C-reactive protein blood levels [38], pain duration [39], spine surgery history [39],
shoulder/arm pain [39], neck mobility problems [39], myofascial pain [39], headache [39],
use of sleep medication [14], pain catastrophizing [42], traumatic onset [43], healthcare
use [44] and race [13]. A detailed overview of all included studies with the identified
factors and their related ORs is presented in Table 3.
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Figure 2. Cont.
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E. Professional activity

Not working Working Odds Ratio Odds Ratio
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H. Depression
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Figure 2. Forest plots showing odds ratios of several potential associated factors with insomnia in people with chronic
spinal pain. A meta-analysis is conducted for the factors sex (n = 12,722), age (n = 1626), body mass index (n = 10,886),
physical activity (n = 10,796), professional activity (n = 4405), comorbidities (1 = 1626), pain intensity (n = 443), depression
(n = 443) and anxiety (n = 443). Every blue box represents the observed odds ratio of the corresponding study. The size of
every blue box is proportional to the weight of the study in the meta-analysis. The confidence intervals are represented by
the horizontal lines through the blue boxes. The pooled odds ratio is represented by a black diamond, with the lateral tips
of the diamond representing the associated confidence interval. Abbreviations: CNP, chronic neck pain; CLBP, chronic low
back pain. 2 Aili et al. defined younger participants as people < 45 years [46]. ® Kim et al. defined younger participants as
people < 65 years [39]. € Blay et al. dichotomized physical activity in Yes/No but did not provide any detail about the level
of physical activity used as a cut-off [36]. 4 Mork et al. defined physically active people as people performing more than
one (accumulated) hour of exercise per week [41]. ¢ Aili et al. defined performing no professional activity as “Unemployed
for the last year/not working” [46]. f Blay at al. dichotomized professional activity as active/non-active but did not provide
any further details [36]. & Kim et al. defined a high pain score as NRS > 7 [39]. h Wang et al. defined a high pain score as
VAS > 7 [45].  Kim et al. defined depression as a score of at least 8 on the HADS-D [39]. j Participants in the study of Wang
et al. were screened by a board-certified psychiatrist for the presence of a current major depressive episode [45]. X Kim et al.
defined depression as a score of at least 8§ on the HADS-A [39]. ! Participants in the study of Wang et al. were screened by a
board-certified psychiatrist for the presence of any anxiety disorders [45].
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4. Discussion

The purpose of this systematic review and meta-analysis was to identify factors
associated with the presence and development of insomnia in people with nonspecific
CSP. A total of 13 studies were included, which together described 25 different potential
associates of insomnia [11,12,36—46]. It was possible to carry out a meta-analysis for
nine factors. Sex (being female), professional activity (not performing any professional
activities), the presence of comorbidities, depression, anxiety and high pain intensity were
significantly associated with elevated odds for insomnia. A significant heterogeneity was
found for the factors of physical activity and comorbidities. A subgroup analysis was only
possible for the factor physical activity, which became significant for people with chronic
low back pain. Age and BMI could not be identified as associates.

Included studies looked into the possibility of the factors sex and age as associates of
insomnia in people with CSP. The pooled data regarding sex as an associate showed that
the odds for insomnia were 1.45 times higher for females compared to males (low-quality
evidence). Similar results are found in the general population, with woman being almost
1.5 times more likely to develop insomnia compared to men [28]. It is suggested that this
higher rate of insomnia in females might be explained by a higher prevalence of anxiety
and depression, potentially indirectly induced by genetic factors [28]. However, underlying
reasons for these sex differences still remain unclear since insomnia could not be solely
explained by the higher prevalence of anxiety and depression alone. Different to the CSP
population, age does appear to be associated with insomnia in the general population, with
older adults showing a higher prevalence of insomnia [28,47]. As people get older, normal
changes occur in our sleep architecture (e.g., more light sleep and fragmentation) [48].
However, these changes can contribute to the development of insomnia. Besides these
natural changes of sleep, other comorbidities and specific sleep pathologies which can
negatively influence sleep are also more common as people get older [49,50]. Furthermore,
sleep difficulties in older adults seem to be more related to age-related conditions rather
than to age itself [51,52]. Not finding this relation with age in people with CSP can be
explained by the possible dominating influence of the characteristics of the pain condition.
It is likely that pain is the predominant reason for insomnia in people with CSP, which could
potentially overshadow or negate the effect of age on sleep. Another explanation might be
the low number of included studies. Additional studies might increase the precision of the
ORp. However, it is likely that age has a negligible influence on the presence of insomnia
in CSP since the 95% Cl is relatively small and the OR;, is very close to one. Yet, as age
and sex are fixed factors, that cannot be targeted in therapy, focusing on other modifiable
factors (such as comorbidities, pain intensity, depression and anxiety) seems more clinically
relevant.

This systematic review with meta-analysis demonstrates that people with CSP with
high pain severity (NRS/VAS > 7) are almost 3 times more likely to have insomnia
(moderate-quality evidence). However, since only 2 studies were included in the meta-
analysis, some caution is warranted regarding the strength of the results. Nevertheless, the
results are in accordance with the findings of a recent review investigating relationships,
comorbidities and treatments in chronic pain and sleep disturbances, which indicated that
sleep problems in people with chronic pain are associated with greater pain severity [53].
Evidence strongly suggests a bidirectional relationship, with pain and sleep co-existing and
impacting each other [54,55]. Insomnia and pain seem to share similar pathways, such as
mesolimbic dopaminergic pathways and serotoninergic pathways [16,56]. Generally, pain
is associated with an increased stress-response and elevated levels of arousal [57], which
can negatively affect sleep [58]. Furthermore, people with chronic pain are prone to start
worrying about their health, which can further aggravate poor sleep [11,59-61]. Addition-
ally, even a limited amount of sleep loss appears to have a de-activating effect on several
analgesic systems, while activating hyperalgesic systems [16]. Furthermore, impaired sleep
can result in low-grade inflammatory responses [62,63], which is found to potentially affect
brain function [64] and increase pain sensitivity [63,65,66]. This bidirectional relationship
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creates a vicious cycle which can perpetuate and amplify sleep problems and pain (i.e.,
increasing pain disrupting the sleep and sleep disturbances exacerbating the pain). Taking
all findings into account, the results of our analysis regarding pain intensity seems to be in
line with the current research findings of the general chronic pain population, indicating
that pain intensity has a clear impact on sleep. However, underlying mechanisms explain-
ing the relation between sleep and pain are still not fully understood [16]. Addressing the
vicious pain-sleep cycle in the evaluation and treatment of CSP seems to be essential to
deliver the best possible care.

Similar to the link with pain intensity, the presence of depression and/or anxiety in
CSP is linked to the prevalence of insomnia according to our results (moderate-quality ev-
idence). However, since only two studies were included in the meta-analysis of both
anxiety and depression, some caution is warranted regarding the strength of the re-
sults. Nevertheless, the strong associations of both factors do not come as a surprise
since depression and anxiety are considered as the most prevalent comorbidities of both
pain [67,68] and insomnia [69]. Furthermore, people with co-occurring pain and sleep
problems appear to be more likely to present comorbid depression, catastrophizing, anx-
iety and suicidal ideation [53]. Moreover, previous research has demonstrated complex
interactions between pain, sleep and depression, without a clear causal ordering [53,54].
Similarly, anxiety is found to be closely related with pain and insomnia, but the direction
and underlying mechanisms of these relations are still unclear [68,70]. Given their relation-
ship with pain and insomnia, addressing both depression and anxiety symptoms as an
integral part of the evaluation and treatment of people with CSP and comorbid insomnia
seems warranted.

Two studies looked at physical activity, which was found to be a non-significant
associate after pooling (very-low-quality evidence). However, one could expect that
inactivity would be an associate since there is sufficient evidence that physical activity
has small but still positive effects on sleep in the general population [71]. Furthermore,
physical activity has been identified as a strong “Zeitgeber” (i.e., a cue that helps to
synchronize our biological rhythm to a 24 h cycle) [72]. Moreover, evidence shows that
physical activity is beneficial, and therefore recommended, in people with CSP [73-76].
Importantly, our analysis showed that statistical heterogeneity was present, indicating a
discrepancy between the data of both studies. After applying a subgroup analysis based
on pain location, the heterogeneity improved, and physical activity became a small but
significant protective factor for insomnia in people with chronic low back pain (low-quality
evidence). This implies that physically active back pain patients are less likely to have
insomnia.

A notable significant OR of 7.16 was found for pain catastrophizing, indicating that
people with CSP with high levels of catastrophizing are much more likely to have in-
somnia [42]. However, pain catastrophizing was only investigated by one study, which
only included people with chronic neck pain [42]. Therefore, the strength of the relation
between insomnia and pain catastrophizing is rather indicative. It might be that studies
that investigated anxiety and depression as factors considered catastrophizing as a part
of the anxiety/depression complex since they share common elements and are closely
related [77]. While there is some overlap with other cognitive and emotional processes, it is
clear that catastrophizing is a unique construct [77]. Nevertheless, pain catastrophizing can
be considered a clinically important psychological factor on its own given the high OR and
its central role in the development of chronic disabling pain [42,78,79]. Therefore, targeting
and reducing pain catastrophizing should be considered in CSP management.

Lastly, several studies investigating different aspects of healthcare use (i.e., medical
consultations, number of hospitalizations, number of healthcare visits/year and opioid
use) were included in this review [36,37,44]. Since each reported healthcare-related factor
embodied a specific element of healthcare use and different thresholds for dichotomizations
were used, the decision was made to not pool the data. However, all factors related to
healthcare use show significantly higher odds (ranging from 1.45 to 2.96), indicating
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that people with CSP and comorbid insomnia are making significantly more use of the
healthcare system compared to the average person with CSP.

Since the majority of chronic neck pain and chronic back pain (about 90%) can be
considered non-specific/idiopathic [80,81], the investigated target population of this review
were people with non-specific CSP. This implies that the presented results regarding several
factors and their association with insomnia may vary in people with a specific diagnosis.
However, a study by Kim et al. investigating risk factors for insomnia in a mixed sample
of people with chronic low back pain with varying diagnoses (including lumbar disc
herniation, spinal stenosis, spondylolisthesis, musculoskeletal back pain and mixed cases)
showed similar results [82]. The study indicated that people with chronic low back pain
with high pain intensity levels (VAS > 7), comorbid musculoskeletal pain conditions and
neuropathic pain components anxiety (HADS-A > 8) and/or depression (HADS-D > 8)
were more likely to have insomnia (respectively 2.57, 14.71, 3.42, 3.14 and 5.58 times more
likely), which is in accordance with the results of our review. In this study, sex, age and
BMI were not identified as associates. However, a similar OR was found for sex (OR 1.40,
95% CI = (0.88-2.23)). A study of Yun et al. investigated associated factors with insomnia
in a sample of 194 people diagnosed with failed back surgery syndrome [83]. Pain intensity
(VAS > 7), catastrophizing (>30 PCS), anxiety (HADS-A > 8) and depression (HADS-
D > 8) were found to be significantly related to insomnia. Compared to our results in
people with non-specific CSP, higher ORs were found for all these factors in this sample of
people with failed back surgery (respectively 5.01, 11.70, 8.09 and 9.53), suggesting an even
stronger relation between these factors and insomnia in people diagnosed with failed back
surgery syndrome. In contrast with our results, sex and comorbid musculoskeletal pain
were not identified as risk factors. This suggests, despite some similarities, that associates
and their strength of association with insomnia probably vary between non-specific CSP
and CSP with a specific origin. Furthermore, associates might also vary between people
with different CSP diagnoses. Nevertheless, the results of this review can serve as a basis
since the majority of chronic low back and chronic neck pain is non-specific.

4.1. Strengths and Limitations

To our knowledge, this is the first systematic review with meta-analysis which pro-
vides a clear overview of associates of insomnia in people with CSP. This review has several
strengths, including a rigorous methodology. First, this review was conducted in accor-
dance with the PRISMA guidelines, which ensures a transparent, stepwise and complete
approach. Second, we were able to perform several meta-analyses and one subgroup
analysis which overcomes the issue of small sample sizes and makes it possible to draw
more reliable and valid conclusions. Third, several comprehensive search strategies were
used, including the screening of three different databases and additional hand-searching.
Fourth, the screening and quality assessment has been conducted individually by three
independent researchers. This improves the overall strength of the review by reducing
the chance of making errors and missing an eligible study. Lastly, this review was a priori
registered in the PROSPERO database, which avoids unplanned duplication, promotes
transparency and reduces potential bias.

Despite the methodology used in this review and meta-analysis, a few limitations
should be acknowledged. First, most included studies were cross-sectional in nature,
implying that the results cannot provide information on causality, but rather provide
an indication of association between the factors and insomnia. However, these ORs do
indicate that insomnia is more prevalent in the presence of specific characteristics and can
help to construct causal hypotheses. When translated to clinical practice, this means that
the identified factors cannot predict whether a person with CSP will develop insomnia,
yet they can help to identify those people with CSP that are very likely to suffer from
insomnia. Second, most factors were only reported by less than four studies (except for
sex). If more studies for each factor were available, the power and the generalizability
of the meta-analyses would increase. According to recent research, five or more studies
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would be required to sufficiently power random-effects meta-analyses [84]. Despite the
low number of studies for each factor, clear significant results were found for several
factors. However, obtained results (i.e., ORs) would be a more precise representation
if more studies were available. Additionally, more factors might become significant if
more studies were available. However, most non-significant factors that potentially can
become significant with increased number (and quality) of studies will be less relevant
compared to the factors (with high ORs) that are clearly related to insomnia. Third, an
adapted NOS for cross-sectional studies was used to assess the methodological quality,
which was also applied for the included longitudinal cohort study [46], since no other valid
alternative was available with the same point spread. However, the cohort study only
measured sleep disturbances at baseline. Therefore, the extracted data to determine OR
from this study could be considered as cross-sectional data. Last, the heterogeneity for the
factors of “comorbidities” and “physical activity” was rather high. A possible explanation
for this might be a different definition for physical activity and comorbidities, the use of
different assessment methods and/or the use of different cut-off values. Regarding physical
activity, for example, Blay et al. included people suffering from back pain who were aged
60 years or more, and used physical activity in a dichotomized manner (yes/no) [36]. On
the other hand, Mork et al. focused on adults suffering from neck/shoulder and back
pain, and classified participants as physically active when they performed more than one
(accumulated) hour of exercise per week [41]. Furthermore, insomnia was also measured
in different ways across all studies, which could have led to an increase in heterogeneity.
Nevertheless, no significant heterogeneity was found in seven out of nine factors.

Taking these limitations into consideration, future studies should aim for large sample
sizes and a rigorous methodology to ensure high-quality studies with strong and exact
results. Furthermore, more factors that are targetable by different therapies (such as social-
, psychological-, environmental-, contextual- and behavioral-related factors) should be
investigated to make it possible to well-anticipate these associated factors and deliver
the best possible care. Researchers should also implement a longitudinal design which
makes it possible to draw conclusions regarding factors related to the development of
insomnia in people with CSP. This would enable clinicians to make better predictions as
to whether a patient with CSP is at risk of developing insomnia or not. Consequently,
this will also help to develop preventive strategies or at least lead to early identification.
Besides, future research should also focus on investigating and unravelling the underlying
mechanisms explaining the relation between sleep and pain. This will help to gain a better
understanding of the bidirectional relation and the underlying mechanisms. Complemen-
tary findings of future research regarding associated factors and underlying mechanisms
can lead to an improvement of pharmacological and non-pharmacological approaches for
the management of CSP comorbid with sleep disturbances and preventive strategies for
insomnia.

4.2. Clinical Implications

While insomnia is a common and important issue in people with CSP, it is rarely
addressed in the treatments for CSP. The results of this study can be helpful for clinicians
to identify people with CSP early, who are very or less likely to have or develop insomnia
based on the presence of several identified associated factors and the strength of the
association. Based on the results, people with high pain intensity scores, who report
depressive symptoms, who have anxiety and who catastrophize pain, have the highest
chance of displaying insomnia. Furthermore, the identified associated factors might be a
starting point to improve future treatment approaches. Nevertheless, more longitudinal
research is needed to make firm conclusions regarding causality, the predictive value of the
associated factors and the effectiveness of new treatment approaches, specifically targeting
these associated factors.

This systematic review with meta-analysis shows that insomnia is relatively common
in people with CSP. Several significant factors associated with insomnia in CSP were
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identified: moderate-quality evidence was found for the factors high pain intensity scores
(NRS/VAS > 7), depressive symptoms (HADS-D > 8) and anxiety (HADS-A > 8), and
low-quality evidence was found for the factors female sex, the presence of comorbidities,
performing no professional activities, pain catastrophizing and higher healthcare use. Low-
quality evidence suggested that physically active low back pain patients are also less likely
to suffer from insomnia. Having knowledge of these factors can help clinicians to identify
patients who are (less) likely to have insomnia.
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Abstract: The current systematic review aimed to compare the effect of injury-focused (specific)
exercises versus more general (non-specific) exercises on pain in patients with chronic neck or
shoulder pain. We searched PubMed, EMBASE, and Web of Science. Two reviewers screened and
selected studies, extracted outcomes, assessed risk of bias, and rated the quality of evidence. A
total of nine eligible studies, represented in 13 articles, were identified, with a considerable risk of
bias. One article investigated the acute effect of single bouts of exercise on pain and reported an
immediate pain reduction after non-specific exercise. Regarding short-term effects, seven out of the
nine studies found no differences in pain between interventions, with inconsistent results among
two other studies. Concerning the long-term effects, while pain reduction seems to be favored by
specific exercises (two out of four articles), the best format is still unclear. Based on the acute effects, a
single bout of non-specific exercise seems to be a better option for pain-relief for patients with chronic
neck or shoulder pain. For short-term effects, there are no differences in pain between specific and
non-specific exercises. Regarding long-term effects, specific exercises seem to be the best option.
Nevertheless, more studies are warranted.

Keywords: chronic pain; musculoskeletal pain; exercise therapy; neck pain; shoulder pain;

systematic review

1. Introduction

The prevalence of neck pain has steadily increased during the past two decades [1] and
is now, second to back pain, the most common musculoskeletal disorder [2,3]. Additionally,
shoulder pain is responsible for approximately 16% of all musculoskeletal complaints [4],
with a yearly incidence of 15 new episodes per 1.000 patients seen in primary care set-
tings [5]. Neck and shoulder symptoms are often persistent and recurrent, with from 40%
to 50% of patients reporting persistent symptoms after 6 to 12 months [6] and 14% of
patients continuing care after 2 years [7].

Successfully treating patients with chronic neck or shoulder pain (CNSP) is a chal-
lenging issue for clinicians. Exercise therapy is found to be an effective treatment strategy
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to relieve pain and improve patient’s level of functioning in daily activities in various
chronic musculoskeletal pain disorders, including chronic neck pain [8-11] and chronic
shoulder pain [12,13]. However, although the evidence for exercise therapy is strong, it
is still difficult to demonstrate the superiority of one exercise approach over another in
chronic pain populations [14].

Exercise interventions aim to correct biomechanical disturbances, but can also be
directed to specific psychological and behavioural characteristics of chronic pain prob-
lems [14]. Naugle et al. [15] summarized the neurophysiological and hypoalgesic, effects of
acute bouts of exercise in healthy and chronic pain populations in a meta-analytic review.
In healthy populations, the evidence suggests that different types of acute bouts of exercise
decrease the perception of experimentally induced pain. However, in patients with local
muscular pain (e.g., shoulder myalgia), exercising non-painful muscles (non-specific exer-
cises (NSE)) seems to activate generalized endogenous hypoalgesia, but exercising painful
muscles (specific exercises (SE)) increases pain sensitivity in both the exercising muscle
and distant locations [15,16]. While healthy people present exercise-induced hypoalgesia,
regardless of the type of exercise, this mechanism seems to fail in subgroups of chronic
pain patients. Among these patients, a bout of exercise can even result in a hyperalgesic
response, indicating that exercise therapy should be tailored to prevent symptom flares.
Nevertheless, the long-term responses to exercise therapy seem to be effective for a wide
variety of chronic pain diagnoses (for a review, see Kroll, 2015 [14]).

Considering this, designing an optimal, tailor-made, exercise program for a person
with CNSP requires an understanding of the underlying working mechanisms of different
exercise interventions [14,17]. Additionally, the differences between the acute effects of one
bout of exercise and training effects (acute, short-term, and long-term effects) should be
taken into account when addressing exercise for chronic pain patients. Based on the state-
of-the-art, as summarized above, the question remains as to which type of exercise, specific
or non-specific, is more convenient for pain relief in people with CNSP. The aim of this
systematic review was to provide a constructive overview of the existing literature reporting
pain experience, following specific versus non-specific exercise therapy in CNSP patients.

2. Materials and Methods
2.1. Data Sources and Searches

This systematic review is registered in the PROSPERO register of systematic reviews
(registration number: CRD42020145234) and is in accordance with the PRISMA guide-
lines [18]. An extensive search was conducted of the online databases PubMed, Web of
Science, and Embase. Databases were searched within a 2-day period, retrospective of
inception, to May 2020, with a subsequent update to January 2021. The search strategy
was based on the Population, Intervention, Comparison, Outcome, Study Design (PICOS)
framework and was conducted to find controlled studies (S) evaluating the effect of specific
exercise programs, including neck or shoulder exercises (I), on pain (O) in CNSP patients
(P), compared to non-specific exercise programs (i.e., exercises that do not specifically in-
volve the affected region) (C). Key words from these groups were combined. The construct
of the search strategy is presented in Table 1.
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Table 1. Search strategy.

Keywords

Group 1 (Population)

“Arthralgia”(MeSH) OR “Bursitis”(MeSH) OR “Cervical vertebrae”(MeSH) OR “Chronic
pain”(MeSH) OR “Hernia”(MeSH) OR “Intervertebral Disc Displacement”(MeSH) OR
“Musculoskeletal System”(MeSH) OR “Myalgia”(MeSH) OR “Myofascial Pain Syndromes”(MeSH)
OR “Neck”(MeSH) OR “Neck Pain”(MeSH) OR “Osteoarthritis”(MeSH) OR “Pain,
intractable”(MeSH) OR “Rotator cuff”(MeSH) OR “Shoulder Impingement Syndrome”(MeSH) OR
“Shoulder Pain”(MeSH) OR “Shoulder”(MeSH) OR “Tendinopathy”(MeSH) OR “Whiplash
Injuries”(MeSH) OR (Chronic pain OR Intractable pain OR Joint Pain OR Muscle Pain OR
Musculoskeletal pain OR Myalgia OR Myofascial pain OR Osteoarthritis OR Persistent pain OR
Severe pain OR Tendinopathy) AND (Neck OR Shoulder OR Cervical OR Adhesive capsulitis OR
Frozen shoulder OR Impingement OR Rotator cuff OR Spinal disc herniation OR Spinal pain OR
Whiplash)

Group 2 (Intervention)

“Exercise”(MeSH) OR “Exercise Therapy”(MeSH) OR “Cervical Vertebrae”(MeSH) OR “Functional
Laterality”(MeSH) OR “Isometric Contraction”(MeSH) OR “Isotonic Contraction”(MeSH) OR
“Muscle Strength”(MeSH) OR “Muscle Stretching Exercises”(MeSH) OR “Neck”(MeSH) OR
“Plyometric Exercise”(MeSH) OR “Proprioception”(MeSH) OR “Resistance Training”(MeSH) OR
“Shoulder”(MeSH) OR “Visual Motor Coordination”(MeSH) OR “Weight Lifting”(MeSH) OR
“Weight-Bearing Exercise Program”(MeSH) OR Exercise AND (Shoulder OR Cervical OR Neck OR
Abduction OR Adduction OR Balls OR Bands OR Concentric OR Coordination OR Dynamic OR
Eccentric OR Extension OR External Rotation OR Flexibility OR Flexion OR Free weights OR Internal
rotation OR Isometric OR Isotonic OR Kettlebell OR Motor control OR Plyometric OR Proprioception
OR Red cord OR Resistance training OR Resisted OR Static OR Strength OR Strength training
equipment OR Stretching OR Thera-band OR Weight-bearing exercise program OR Weights)

Group 3 (Comparison)

“Exercise”(MeSH) OR “Exercise Movement Techniques”(MeSH) OR “Exercise Therapy”(MeSH) OR
“Bicycling”(MeSH) OR “Dancing”(MeSH) OR “Hydrotherapy”(MeSH) OR “Jogging”(MeSH) OR
“Muscle Stretching Exercises”(MeSH) OR “Physical Fitness”(MeSH) OR “Physical
Endurance”(MeSH) OR “Resistance Training”(MeSH) OR “Running”(MeSH) OR
“Swimming”(MeSH) OR “Walking”(MeSH) OR “Yoga”(MeSH) OR Exercise AND (Non-specific
exercise OR Non-specific training OR Aspecific OR Activity program OR Aerobic OR Alexander
technique OR Aquatic exercise OR Bicycling OR Cycling OR Dancing OR Endurance OR Fitness OR
General exercise OR Generic exercise OR Hydrotherapy OR Jogging OR Physical activity OR
Resistance training OR Rowing OR Running OR Stretching OR Swimming OR Tai chi OR Training
OR Walking OR Yoga)

Group 4 (Outcome)

“Pain”(MeSH) OR “Pain Measurement”(MeSH) OR “Analgesia”(MeSH) OR “Central Nervous
System Sensitization”(MeSH) OR “Hyperalgesia”(MeSH) OR “Hypersensitivity”(MeSH) OR
“Nociceptors”(MeSH) OR “Pain Management”(MeSH) OR “Pain Threshold”(MeSH) OR “Pain
Perception”(MeSH) OR “Pain, Intractable”(MeSH) OR “Pain, Referred”(MeSH) OR “Somatosensory
Disorders”(MeSH) OR “Visual Analogue Scale”(MeSH) OR Pain OR Pain measurement OR
Algometry OR Analgesia OR Central nervous system sensitization OR Centrally mediated pain
modulation OR Conditioned pain modulation OR Endogenous pain inhibition OR Endogenous
pain-inhibitory mechanisms OR Exercise-induced hgperalgesia OR Hyperalgesia OR
Hypersensitivity OR Hypoalgesia OR McGill OR Nociceptors OR Pain control OR Pain threshold OR
Pain-relief OR Persistent pain OR Pressure pain thresholds OR Quantitative sensory testing OR
Referred pain OR Sensitivity OR Somatosensory disorders OR Temporal summation OR Visual
analogue scale OR Wind-up effect

Group 5
(Study design)

“Controlled Clinical Trials”(MeSH) OR Controlled clinical trials

Abbreviations: MeSH, Medical Subject Headings.

2.2. Study Selection

To be included in this review, studies had to meet the following inclusion criteria:
(1) the study sample consisted of human adults (>18 years) with chronic (>3 months) neck
and/or shoulder pain; (2) both treatments, SE (those focused on the neck or shoulder
region) and NSE (including more generic training such as aerobic exercise, general fitness
training, chain-stretching, body-mind, or other generic movement-related approaches),
had to be compared in the study; (3) pain was measured as an outcome (both subjectively
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and objectively); (4) articles had to be written in English, Spanish, French, Dutch, or
German; (5) full-text articles of original research had to be available; (6) only controlled
clinical trials were allowed. Exclusion criteria determined that: (1) secondary research
(reviews and meta-analysis) was not allowed; and (2) widespread pathologies and other
co-morbidities could not be present.

The literature search was independently conducted, and the obtained articles were
screened by two of the researchers (L.D. and M.A., both PhDs and experienced in chronic
populations in a clinical setting), based on title and abstract. The full-text article was
retrieved if the citation was considered potentially eligible and relevant. In the second
phase, each full-text article was independently evaluated by the two researchers to see
whether it fulfilled the inclusion criteria. If any of the eligibility criteria were not fulfilled,
then the article was excluded. In case of disagreement, a third researcher was consulted
(M.M., PhD, experienced in chronic pain research).

2.3. Data Extraction and Analysis

Important information from each study was selected and reported in an evidence table.
The evidence table was composed of the following items: (1) reference; (2) participants’
characteristics; (3) specific intervention(s); (4) non-specific intervention(s) and reference in-
tervention if any; (5) outcome measures and timing; (6) main results. The results regarding
training effects were clustered into acute, short-term, and long-term effects; for the first
days of intervention, post-intervention, and after follow-up, respectively.

2.4. Quality Assessment and Data Synthesis

The Cochrane Collaboration’s tool for assessing risk of bias was used (http:/ /handbook.
cochrane.org/, accessed on 24 May 2020) to assess the following domains: (1) the ran-
domization process; (2) treatment allocation; (3) blinding of participants and personnel;
(4) blinding of outcome assessors; (5) completeness of the outcome data; (6) reporting of
results; (7) accounting for co-interventions; (8) other sources of bias. Item 8 was specifically
focused on sample size calculation. With reference to a Cochrane review, sample size was
considered inadequate if there were fewer than 50 participants per group and if power
analysis was not applied and reported for relevant outcome measures [19].

After clustering the results based on exercise modes and timing of assessments, the
overall quality of evidence per cluster was determined by applying the Grades of Rec-
ommendation, Assessment, Development, and Evaluation (GRADE) approach [20]. For
every cluster, a GRADE summary statement is provided under the respective paragraph
in italics.

Risk of bias assessment and grading of evidence was performed by two authors (L.D.
and M.A.) independently, who were blinded from each other’s assessment. After rating the
selected articles/clusters, the results of both researchers were compared, and differences
were analyzed. In case of disagreement, the reviewers assessed the article/cluster a second
time to obtain a consensus. When consensus could not be reached, a third opinion was
provided by the last author (M.M.).

3. Results
3.1. Search Results

The initial search of all databases resulted in 852 hits. Following two consecutive
screening phases on title/abstract and full text, 10 eligible records remained. After manual
searching of the reference lists, two more eligible articles were identified for inclusion. A
recent update identified 57 new articles, leaving one of them for inclusion in the review,
after the screening phases. Thus, a total of 13 articles, reporting the results of nine different
randomized controlled trials, met the inclusion criteria. The corresponding flowchart is
shown in Figure 1.
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Figure 1. PRISMA flowchart of articles selection (adapted from Moher et al. [18]).

3.2. Risk of Bias and Quality of Evidence

Detailed information on the individual risk of bias can be found in Figure 2. In most
cases (85.6% or 89 of 104 items), the two researchers agreed. After a comparison of the
15 differences, the reviewers reached a consensus for six items. The remaining nine points
of discussion were solved after a third opinion. Nine of the 13 articles provided insufficient
information about the allocation concealment [21-29]. None of the studies reported that
the therapist was blinded. Additionally, blinding of the patients was impossible, given
the nature of the therapy. In one study, the patients were kept naive for the different
interventions (specific or global stretching). This study was considered as having an unclear
risk of bias, because the assumptions of patients were unclear [27]. Attrition and reporting
bias were mainly low. Two of the 13 articles accounted for co-interventions by recording
medications and other treatments received in a diary [30] and by registering medication
type and frequency [27]; the other articles did not account for co-interventions. Five articles
conducted a sample size calculation [23,26,27,30,31]. Two of the 13 articles [32,33] included
more than 50 subjects per group.
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Figure 2. Risk of bias summary. These graphs illustrate the review authors’ judgements about each risk of bias item for
each included study (a) and presented as percentages across all included studies (b). Review Manager (RevMan) 5.3. [34].
Legend: (+) indicates “low risk of bias”; (?) indicates “unclear risk of bias”; (—) indicates “high risk of bias”.

Information on risk of bias and the level of evidence, following the GRADE system, is
presented per cluster in Table 2. Since none of the studies was double-blinded, all clusters
started from a GRADE level of moderate.
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3.3. Study Characteristics

A total of 13 articles were reviewed, originating from nine data files (from now on
referred to as studies). Although one study generally generated a single article, the results
of three studies generated seven articles, whose differentiating aspects can be broadly
disaggregated and conveyed as follows: (a) Andersen et al. [32,33], 2008 [32] referred to
the short-term effects post-intervention with pain intensity as an outcome, while 2010 [33]
referred to a higher sample size and pain regions as an additional outcome. (b) Andersen
et al. [26], Nielsen et al. [25] and Segaard et al. [24] varied their timeframes and outcomes.
Andersen et al. [26] assessed the short-term effects post-intervention, similar to their coun-
terparts, but included assessments halfway through the training period and after 10-week
follow-up. An analysis was completed, looking at the acute effects after one session. Pain
intensity was the outcome. Nielsen et al. [25] analyzed pressure-pain thresholds (PPTs),
and Segaard et al. [24] included repetitive and stressful work tasks as a test to evaluate
the training effects on pain intensity. (c) Both Ahlgren et al. [28] and Waling et al. [29]
evaluated the short-term effects post-intervention, varying in their assessed pain-related
outcomes (pain intensity and PPTs and pain distribution, respectively).

The number of patients in each study varied from 33 to 616. Eight out of 13 articles
only included women [22,24-29,31], whereas the other articles included both men and
women. A total of 1229 women and 271 men were evaluated, with a mean age varying
between 37.6 £ 6.1 years [28,29] and 50.3 £ 14.8 years [22] for the women and between
39.6 £ 9.2 years [23] and 49.0 + 1.4 years for the men [32]. Most of the patients were office
workers [22,24-26,31-33] and assembly line workers [24,26]. Six out of the 13 articles did
not specify the patients jobs [21,23,27-30].

Out of 1500 patients, the vast majority (a total of 1269 patients) were diagnosed with
non-specific chronic neck-shoulder pain [21-23,27,30-33]. The remaining 231 patients were
diagnosed with trapezius myalgia [24-26,28,29]. No study analyzed patients with shoulder
pain as a standalone disorder, and all were part of a sample of neck-shoulder pain patients.

Concerning the SE, strengthening exercises using dumbbells were used in six of
the articles [24-26,31-33], followed by air machines [28,29], and elastic band [21-23] or
isometric exercises using a towel [30]. One study included conventional auto-passive
stretching as specific exercise [27].

The NSEs included in the studies were bicycle ergometer training [24-26], nordic
walking [22], advice about staying physically active [21,23,32,33], global stretching [27],
and body-mind therapies such as yoga [30], relaxation [21,31] or body awareness [21,28,29].

Most outcome measures concerned self-report pain measures. Visual analogue
scales [22,24,26-31], 0-9 scales [32,33], and numeric rating scales [21,23] were used to
evaluate pain. PPTs were measured in four of the included articles [21,25,29,30]. The
other outcomes registered in the different articles were the body pain scale of the 36-
item Short Form Health Survey (SF-36) [27,30], neck pain regions (n) [21,33], and pain
drawings [21,29].

Frequency of therapies varied from 1 [33] to 5 times/week [30], with 3 times/week
the most frequently used [21,23-26,28,29,31-33].

The total duration of the exercise program lasted from 6 weeks [27] to one year [32,33],
with a modus of 9 to 10 weeks [22,24-26,28-30]. Follow-up varied between 6 weeks [27]
and 9 months [31] after treatment ending.

All studies analyzed the short-term effects of exercise on pain. Four studies analyzed
the long-term effects [22,26,27,31], and one study considered the acute effects after one
exercise session [26].

Individual study results were clustered based on treatment types and follow-up effects:
acute effects after one exercise session and training effects (acute, short-term, and long-term
effects), as presented in Tables 3-5.
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J. Clin. Med. 2021, 10, 5946

3.4. Data Synthesis
3.4.1. Specific Strength vs. Non-Specific Aerobic Exercises

A total of 8 out of the 13 articles analyzed the effects of specific strength training
compared to general aerobic exercises (Table 3).

e Acute effects

One article analyzed the acute effects of a single bout of exercise [26]: non-specific
exercise, based on a generic aerobic program, caused an immediate post-exercise pain
reduction. Specific strength training showed an immediate post-exercise pain increase
during the first half of the training period that flattened near the end of the 10-week training
program. Both pain increases and reductions leveled off 2 h after exercise.

e  Short-term effects

Seven out of the 13 articles analyzed the short-term effects of physical exercise on
pain behavior [21-26,32,33]. Both specific strength training and non-specific physical
exercise programs of 10-12 weeks (20-30 min training, 2-3 days/week) resulted in a
decrease in general pain [22,23,32,33], in pain during a repetitive task [24], and in the
number of pain regions [33] compared to a reference intervention. However, in two articles,
specific strength training for 20 min/day, 3 times/week was superior in reducing pain in
general [26], pain at worst [26], and pain at rest [24] after 10 weeks of treatment in women
with trapezius myalgia.

Two articles reported the effects of exercise on PPTs, reporting no differences between
specific and non-specific training [21,25]. While Iversen et al. [21] found no changes
after the exercise program, Nielsen et al. [25] reported that pain sensitivity at a pain-free
reference muscle was decreased (i.e., higher PPTs) in response to both specific strength
training (concentric and eccentric contractions) and non-specific fitness training (bicycle
ergometer) after 10 weeks of exercise (20-min training, 3 days/week) in women with
trapezius myalgia.

e Long-term effects

Two articles analyzed the effects of specific strength training vs. aerobic exercise
10 weeks after finishing the exercise program, with inconsistent results. Saeterbakken
et al. [22] found that both exercise types (specific and non-specific) had a similar effect
on pain reduction that lasted during follow-up compared with no effect in a reference
group. Nevertheless, the study performed by Andersen et al. [26] reported that specific
strength training resulted in significant pain reduction, in contrast to the non-specific
aerobic exercise group, which consolidated in the further 10-week follow-up period.

In conclusion, there is low evidence that specific strengthening exercises and non-
specific fitness training produce similar short-term effects regarding pain relief. There is
only preliminary evidence that immediate acute response to exercise is more favorable
for the non-specific exercise program. There is also very low evidence that the long-term
effects are favored by specific strengthening exercises.

3.4.2. Specific Strength vs. Body Mind Exercises

A total of 4 out of the 13 articles analyzed the effects of specific strength training
compared to body mind therapies (Table 4) [28-31].

e  Short-term effects

All the mentioned articles reported positive short-term effects of exercise programs
on pain behavior. There were no differences between specific strength training and
NSE (body-mind exercises through body awareness and yoga), as both resulted in a
decrease in the intensities of pain at motion [30], pain at present, pain at worst, and pain in
general [28,29] after 9 or more weeks of treatment (3 days/week).

However, there were inconsistent results in two of the articles regarding three out-
comes: specific strength training during 60 min/day, 3 times/week, reduced pain at worst
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after 10 weeks of treatment in women with trapezius myalgia compared to body-awareness
exercises [28]. Yoga classes for 90 min/week reduced pain in general and bodily pain items
from SF-36, after 9 weeks of practice, in patients with non-specific neck pain, compared to
specific strength exercises [30].

Two articles reported the effects of exercise on PPTs [29,30]. Cramer et al. [30] demon-
strated better results with non-specific interventions: yoga exercises, practiced with an
instructor for 90 min/week for 9 weeks, decreased pressure sensitivity in non-specific neck
pain patients compared to strength training for 10 min/day. The study of Waling et al. [29]
found no differences between SE and NSE: pressure sensitivity significantly decreased at
four myofascial trigger points of the trapezius muscle in both exercise regimens, compared
to a reference group.

For pain drawings, no changes were seen in the extent of painful body area in any of
the exercise groups (body awareness and specific strength) [29].

e Long-term effects

One article analyzed the effects of a 13-week specific-strength training (3 days/week)
compared to relaxation training and a reference group, after 9 months follow-up, conclud-
ing that no difference was found in neck pain intensity in questions concerning neck pain
disability between the three groups in a sample of 393 female office workers with chronic
non-specific neck pain [31].

There is moderate evidence that exercises reduce pain in the short-term compared to a
reference group and there seems to be no difference for different types of exercise. For the
long-term, there is only preliminary evidence that there is no difference between exercise
groups and the reference group.

3.4.3. Specific Stretch vs. General Stretch Exercises
e  Short and long-term effects

One article investigated the effects, both short and long-term, of specific versus
general stretches on pain reduction (Table 5) [27]. These authors suggest that conventional
specific stretching and muscle chain stretching (30 min, 2 times/week), in association with
manual therapy (30 min, 2 times/week), were equally effective in reducing the pain of
female patients with chronic neck pain, both post-treatment and at six weeks after ending
the treatment.

There is preliminary evidence that specific and non-specific stretching exercises are
equally beneficial for pain reduction in female patients with chronic neck pain, although
more studies are needed.

4. Discussion

This is the first systematic review specifically examining the effect of SE compared
with NSE on pain in the rehabilitation of patients with CNSP.

The aim of this review was to evaluate the effect of SE, involving exercises focused
on the neck and/or shoulder region, focused on CNSP patients, looking for pain reduc-
tion/increases compared to NSE.

There is considerable evidence of pain reduction after an exercise program, both spe-
cific and non-specific, in the short- and long-term [22,24,26,28,29,32,33]. For the short-term
effects, 9 out of 13 articles did not favor a particular type of exercise [21-23,27-29,31-33],
while 3 articles [24-26] found better effects on pain for specific training, and the other
article favored non-specific training [30]. With regard to the long-term effects of exercise
on pain, 3 out of 4 articles found that specific [26], or both exercise types independently
(specific and non-specific) [22,27], had a lasting effect on pain reduction. The other article
found that exercise had no long-term effects on pain [31]. Nevertheless, regarding the acute
effect of single bouts of exercise, only one article assessed this aspect [26], reporting an im-
mediate pain reduction after non-specific exercise in contrast to specific resistance exercises.
Consequently, more research is needed, specifically about acute and long-term effects.
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These results are in line with a Cochrane systematic review evaluating the use of motor
control as a specific exercise strategy among a chronic non-specific neck pain population [8].
The study suggested that specific motor control exercises were not superior to more general
exercise strategies. Furthermore, the review of Booth et al. [35] did not provide evidence for
the superiority of one exercise type in chronic musculoskeletal pain conditions. Therefore,
the type of exercise might be less important than the act of doing exercise. Sluka et al. [36]
suggest that this lack of specificity of exercise type may be related to the multiple and
widespread mechanisms by which exercise works to reduce pain.

Although this aspect is out of the scope of the present review, it is interesting to try to
elucidate the mechanisms that could explain our findings. The reason that the research to
date has not shown any specific exercise to be superior may be that psychological and/or
neurophysiological factors that are common to all exercise approaches have the greatest
mediating effects on pain [37]. If changes in pain and disability occur without changes
in physical function, then specific modalities of exercise and their dosage seem to be less
relevant in chronic musculoskeletal pain [35,38]. It is tempting to speculate that exercise
can indeed desensitize the central nervous system. This hypothesis has recently been
supported through a review of the current evidence on the central mechanisms underlying
exercise-induced pain and analgesia [39].

Exercise is likely to be most effective if tailored to individual patients with spinal pain.
As Falla and Hodges [40] stated, current exercise programs for spinal pain treatment often
rely on a one-size-fits-all approach and usually fall short of success. These authors provide
evidence supporting the hypothesis that the outcome of exercise interventions can be
optimized when targeted to the right people and adapted to the individual’s presentation.
In the same line, tailoring exercise to individual patients has been recommended for chronic
musculoskeletal pain [17,41], which requires an initial assessment to understand the biolog-
ical, psychological, and social factors contributing to pain and disability [35]. The dominant
pain mechanism must also be considered to optimize exercise prescription. Indeed, a recent
systematic review concluded that global (non-specific) exercises are preferred in nociplastic
pain conditions, while more SE should be emphasized in non-nociplastic conditions [42]. In
the present review, however, all the included studies used standardized exercise programs
and no prior assessment was made to determine the patient’s profile.

The level of supervision is also an important aspect in promoting treatment adherence
and patients” motivation [35]. Supervised exercise programs have been recommended
for chronic musculoskeletal pain [17,43]. In the present review, all studies but one [23]
included supervised exercise sessions. This could be the reason that the drop-out rate was
relatively low in those studies.

Finally, ongoing self-monitoring can be helpful to identify barriers to [14] and facilita-
tors of exercise participation, motivate positive exercise behavior and increase participa-
tion [44]. In the present review, only five articles out of 13 did not use diaries to register
their adherence to the exercise programs [22,24-26,31], which could also explain the high
participation rate.

Thus, supervised exercise, individualized therapy, and self-management techniques
may help to promote a successful rehabilitation program [14]; however, the quality of trials
assessing these interventions is low [43], and further research is warranted.

Limitations

First, the main weakness of this review is the risk of bias. Random sequence genera-
tion, accounted co-interventions, and concealment of allocation were often not attained.
Therefore, a note of caution is due here. Most studies failed to achieve blinding of the
patients. Furthermore, the majority of studies relied on self-reported measures, prohibiting
blinding of the assessors as well. Although blinding participants and therapists in an
exercise trial is difficult to implement and cannot obviate the risk of bias, future studies
should endeavor to limit the potential bias with the appropriate blinding of at least the as-
sessors. Keeping the patients and therapists naive regarding the received treatment should
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be attempted, as specific expectations and beliefs could influence outcomes. Assuming
naive patients is only possible in the studies evaluating different exercise modalities. This
should be considered in future studies. Second, the number of RCTs included was low. The
limited number of studies published in this area also raises the possibility of publication
bias. Third, patient activity between post-test and follow-up was not controlled in any
study. Finally, only four articles analyzed the follow-up period [22,26,27,31]. In two of
these, the follow-up was limited to less than three months, which seems to be insufficient,
as CNSP can last for up to several years [26,27]. This aspect limits any comment on the
maintenance of the effects of exercise. Ongoing research including acute and follow-up
schemes over six months is required to further validate our findings and determine the
long-term effects of the intervention.

Furthermore, there was a lack of uniformity in the obtained results regarding the
differences in the benefits between specific and non-specific exercises. The term “specific
exercise” has been used to describe different types of exercises, such as stabilization [45],
strengthening [46], individualized [47], supervised [48], and even what appear to be general
exercises [49]. Non-specific exercise protocols usually address general flexibility, strength,
and/or endurance training, including all body regions. Such inconsistency, together with
an incomplete description of exercise details regarding dosage [8], are a possible reason for
the inconsistent results found in different chronic pain populations. Therefore, the working
mechanisms and exact definition and dosage of the exercise therapy modalities need to be
further elaborated.

5. Conclusions

This systematic review shows interesting findings for pain relief with regard to training
effects using specific and/or non-specific exercise for CNSP. Both specific (neck and/or
shoulder exercises) and NSE seem to be effective for short-term pain reduction in patients
with CNSP.

Based on the acute effects, there is only preliminary evidence that a bout of non-specific
exercise seems to be more tolerable for patients with CNSP, overcoming the exacerbation
in the beginning. Regarding the long-term effects, SE seems to be the best option, although
the evidence for this is very limited. As the evidence is still rather restricted, this review
highlights the need for further RCTs comparing the effects of injury-focused (specific)
exercises versus more general (non-specific) exercises, and a need to better understand the
definition and dosage of exercise therapy modalities to improve clinical application.
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Abstract: Evidence for the relationship between chronic pain and nutrition is mounting, and chronic
pain following cancer is gaining recognition as a significant area for improving health care in the
cancer survivorship population. This review explains why nutrition should be considered to be
an important component in chronic pain management in cancer survivors by exploring relevant
evidence from the literature and how to translate this knowledge into clinical practice. This review
was built on relevant evidence from both human and pre-clinical studies identified in PubMed,
Web of Science and Embase databases. Given the relationship between chronic pain, inflammation,
and metabolism found in the literature, it is advised to look for a strategic dietary intervention in
cancer survivors. Dietary interventions may result in weight loss, a healthy body weight, good
diet quality, systemic inflammation, and immune system regulations, and a healthy gut microbiota
environment, all of which may alter the pain-related pathways and mechanisms. In addition to
being a cancer recurrence or prevention strategy, nutrition may become a chronic pain management
modality for cancer survivors. Although additional research is needed before implementing nutrition
as an evidence-based management modality for chronic pain in cancer survivors, it is already critical
to counsel and inform this patient population about the importance of a healthy diet based on the
data available so far.
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1. Introduction

The Survivorship Task Force describes cancer survivors as “all people who have
been diagnosed with cancer, who have finalized primary cancer treatment (except the
maintenance therapy, like immune and hormone therapy) and have no mark of active
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disease” [1]. With earlier diagnosis and improvements in treatment, cancer patients are
more likely to survive the disease and therefore live longer [1,2], which is reflected in an
increased prevalence of cancer survivors over the last 40 years [1]. Yet, although cancer
survivors are considered disease-free, they often suffer from physical, social, and emotional
problems that severely influence their quality of life [2].

In the cancer survivor population, the development of chronic pain (“pain that contin-
ues beyond the expected healing time” [3]) is one of the most often seen sequelae [4]. Pain
is reported in 39.3% of survivors after curative treatment [5]. Severe chronic pain associated
with a decrease in function is seen in 5 to 10% of survivors [6]. Moreover, pre-existing pain,
repeated surgery, psychological vulnerability, radiation therapy, chemotherapy, sociodemo-
graphic and psychosocial (depression, anxiety, sleep disturbance, etc.) profiles, hormone
therapy, body mass index (BMI) > 30 kg/m? are some of the “predisposing factors” for
chronic pain in cancer survivors [4,7-9].

Besides chronic pain, cancer survivors often show significant nutritional deficiencies
which crucially impact their quality of life [10]. Changed taste, anorexia, unintended weight
loss, and, in certain cases, increased adiposity or obesity are all nutrition-related complica-
tions that may develop as a result of cancer and its treatment (i.e., chemo-radiotherapy etc.)
since the systemic nature of cancer promotes metabolic dysregulation, increased catabolism,
and even cachexia [11]. Significantly, an increase in body weight (or obesity) often occurs
during cancer treatment and is related to a higher chance for comorbidities (including
chronic pain) [12,13]. For that reason, besides a solution for pain, cancer survivors often
look for information on nutrition and diet supplements to improve treatment outcome,
quality of life and to increase their long-term survival rates [14].

Interest in the link between chronic pain and nutrition has increased tremendously in
recent years. On the one hand, recent research indeed revealed that nutritional aspects can
influence brain plasticity and function, and therefore may influence central nervous system
health and disease (i.e., central sensitization) [15]. On the other hand, as shown by local
and widespread pressure hypersensitivity and hyperalgesia, central sensitization occurs in
survivors of breast [16], colon [17] and head and neck cancer [18].

Persistent pain in cancer survivors is often complex (neuropathic, nociplastic, and/or
nociceptive) in nature [19], underrecognized, undertreated and less responsive to regular
chronic pain management approaches (i.e., pharmacological treatments, rehabilitation,
etc.) [7]. Additionally, in long-term survivors (in comparison to people without a history
of cancer), it is known that the incidence and relative risk of chronic comorbidities is
high [20], which result in significantly more functional limitations and pain intensity,
making them less likely to respond to standard chronic pain treatment [21]. Despite crucial
medical advances, multi-modal pain management approaches, and enhanced survival, the
majority of cancer survivors with pain stated that their pain was only alleviated by 61% [22].
Patients and health care providers are frequently not aware of other possible rehabilitation
approaches (like pain education, mind-body interventions) and their potential benefits
in the pain management during and after cancer treatment [23]. Recently, the ability
of daily diet to modulate pain onset and peripheral analgesic sensitivity has come to
light as physicians are more attentive to the lifestyle of patients to better prevent side
effects such as chronic pain onset, the main reason of medical intervention, healthcare
costs, and outpatient counseling [24]. Nutritional medicine for treating persistent pain
requires a comprehension of the disease process” pathogenesis that helps practitioners
to prescribe ingredients with particular roles in alleviating the disease process, such as
inflammation reduction, or with particular influences on other factors which contribute
to pain (i.e., stress and insomnia) [25], or oxidative stress-modulating compounds and
oxidative stress status [26].

Despite the increased awareness of the high prevalence, little research has been per-
formed on chronic pain in the cancer population, leading to an important knowledge gap
and a lack of clear management guidelines [22]. The most recent systematic review of the
association between chronic pain and nutrition in cancer patients and survivors found no
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evidence in cancer survivors [27], which clearly identifies the knowledge gap and need to
address this issue conceptually and scientifically. For all these reasons, this narrative review
discusses the mechanisms involved in chronic pain and the critical interaction between
these systems and survivors’ diets. In addition, dietary interventions that might provide
sustainable, long-term, self-manageable and cost-effective implications for chronic pain
management in cancer survivors are proposed. It is shown that nutrition holds potential to
become a chronic pain management modality for cancer survivors.

2. Methods

This narrative review was accomplished by looking for both pre-clinical and human
studies in PubMed, Web of Science and Embase databases by combining the terms “chronic
pain”, “cancer survivors” and “nutrition” or “diet”. English-language articles were accessed
until September 2021. The reference lists from the articles that were retrieved were also

carefully searched.

3. Pain and Nutrition in Cancer Survivors: An Update from Cancer and Chronic
Pain Literature

Since both nutritional and chronic pain mechanisms and pathways are known for their
complexity, it does not come as a surprise that research covering the link between both is
complex, ambiguous and involves different explanatory components [24]. Dietary factors
(like food preparation, food processing and dietary patterns) exert their impact by several
pathways and mechanisms such as glucose-insulin homeostasis, blood lipids, blood pressure,
functions of the endothelial, cardiac and adipocyte systems, the gut microbiome, systemic
inflammation, and hunger and satiety [28]. Chronic pain and its treatment (like opioids), in
turn, are known to have an interplay with the nervous systems and the immune system [29,30].
This narrative piece shines a light on the following different pathways and mechanisms to
link diet/nutrition and (chronic) pain in cancer survivors (Figure 1): (1) through obesity;
(2) through malnutrition, nutritional deficiency, and diet quality; (3) through the immune
system and systemic inflammation; and (4) through gut microbiota.

Nutrition

“ob , Malnutrition,
Qpesit Nutritional Deficiency Dleu

N

ality Systemic Inflammation ImmuneSystem Gut Mlcroblota

Chronic Cancer-related Pain

Figure 1. Different pathways and mechanisms to link diet/nutrition and (chronic) pain in cancer
survivors (created with BioRender.com accessed on 23 December 2021).

3.1. Impact of Diet and Nutrition on Pain in Cancer Survivors through Obesity

Obesity continues to be a major public health concern, and it is especially frequent
among cancer patients, thus determining its long-term impact on the expanding population
of cancer survivors is critical [31]. Moreover, it has been known since the 1970s that women
with breast cancer receiving adjuvant chemotherapy experience weight gain, commonly
reported as 2-5 kg but with great variance [32]. Obesity, defined as a BMI of 30 kg/m?
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or higher, is also a common risk factor for poor health-related quality of life in cancer
survivors, in particular colorectal, breast, and prostate cancer survivors [33].

Obesity can cause chronic pain through two primary processes: mechanical stress,
which occurs when extra body weight puts stress on joints in the musculoskeletal system,
and systemic proinflammatory state, which is linked to adipose tissue and can increase
pain [34]. Obesity (particularly caused by excessive abdominal fat) is related to an increment
in chronic systemic inflammation which can have a contribution to central sensitization [35].
According to Emery et al., a diet rich in anti-inflammatory foods, such as the consumption
of seafood and plant protein, appears to be linked to the relationship between body fat
and pain ratings in healthy adults so they advocated that diet can be addressed as part
of pain treatment and evaluation, specifically among overweight and obese people [36].
Additionally, obesity has been linked to microbial homeostasis distortion, with a decrease in
bacterial biodiversity and altered expression of bacterial genes, particularly those involved
in dietary energy extraction [37]. The increased understanding of the interactions between
the gut microbiota and the central nervous system, also known as the gut-brain axis,
makes the hypothesis of the gut microbiota’s possible effect on the pain processing and the
pain perception reasonable [38], so does obesity. With good-to-moderate patient-centered
evidence, the most recent review (1 = 26) in taxane and platinum-treated cancer patients
found a link between obesity and increased severity or occurrence of chemotherapy-
induced peripheral neuropathy (CIPN) [39]. Additionally, weight gain (>5%) following
breast cancer was found to be positively associated with above-average pain [40].

However, evidence on the relationship between obesity and (chronic) pain in cancer
survivors remains very limited. One study found a correlation between a higher BMI and a
lower physical quality of life in cancer survivors, including more pain even after taking
into consideration age, race, education level, cancer type, and comorbidities [41]. Again, in
a meta-analysis conducted by Leysen et al. [4], among other factors, a BMI of 30 kg/m?
or higher was substantially linked with the development of chronic pain in breast cancer
survivors. In another study, it has been suggested that cancer survivors with CIPN and
co-occurring obesity may be more at risk of lower quality of life due to higher symptom
severity and pain than non-obese survivors [33]. In parallel, among cancer survivors with
CIPN who received platinum and/or taxane chemotherapeutic compounds, overweight
and obese survivors experienced more severe pain and higher pain interference scores than
normal-weight survivors [42]. Similar to that overweight or obese breast cancer survivors
with weight loss of > 5% showed improvement in their pain at 12 months, but these changes
were not significantly different from those who lost < 5% [43]. Therefore, weight reduction
techniques for obese cancer survivors suffering from chronic pain could be a key factor
within pain management for this population. Moreover that studies examining whether
dietary management results in pain relief in cancer patients receiving chemotherapy or
in survivors after treatment (or in any other cancer treatment associated with pain) are
urgently needed and represent an important research priority.

3.2. Impact of Diet and Nutrition on Pain in Cancer Survivors through Malnutrition, Nutritional
Deficiency, and Diet Quality

Cancer patients suffer from a large catabolic imbalance which causes weight loss, the
key indicator of cancer-associated malnutrition [44]. The prevalence of malnutrition is
estimated to be between 50 and 80%, depending on the tools used and the populations stud-
ied [45], and can reach up to 85% of patients with certain cancers such as pancreatic [46]. Ac-
cording to many proposed mechanisms, which varying from signaling molecules included
within the diet (such as oxidized lipids), vagus nerve activation, microbiota alterations, and
oxidative stress to maladaptive neuroplasticity induced by hyper-palatable energy-dense
foods, poor nutrition may also cause activation of the immune system, in particular by glial
activation with increased inflammation and nervous system hypersensitivity as a conse-
quence [47]. Available data clearly revealed that well-nourished breast cancer survivors
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had improved functions and less symptoms including pain in comparison to malnourished
breast cancer survivors [48].

Additionally, nutritional reduction is frequently acknowledged as a component of
the cancer course and treatment [49]. During chemotherapy, compared to women without
cancer, breast cancer patients reported a significantly lower absolute protein, fat, and
alcohol intake, but not carbohydrates and fiber. [50]. In Iranian breast cancer survivors, the
average daily energy intake was lower than the estimated energy requirement as a reference
value, with just 34% of participants meeting the estimated energy requirement, whereas
the mean intakes of vitamin D, vitamin E, iron, and magnesium were insufficient to meet
the Food and Nutrition Board’s (1997-2001) guideline of dietary reference intakes [48].

In cancer patients, both at the time of diagnosis and during treatment, micronutrient
deficits are common [11]. For instance, pancreatic cancer patients who have had their
pancreas removed are at risk of many nutrition-related comorbidities, including an impact
on gastrointestinal and hepatic function, glycaemic regulation, bone health, and the status
of many micronutrients such as vitamin A, B12, D, E, iron, magnesium and zinc [51].
Similarly, one possible metabolic consequence after a gastrectomy after gastric cancer is
vitamin B12 deficiency, which may lower cancer survivors’ quality of life [52].

Importantly, low macro/micronutrient consumption, particularly omega-3 fatty acids,
vitamins B1, B3, B6, B12, and D, magnesium, zinc, and -carotene, is associated with chronic
neuropathic or inflammatory pain [53]. As seen in multiple systematic studies on various
pain conditions, including aromatase inhibitor(Al)-related arthralgia in breast cancer [54],
supplementing the diet with these specific nutrients helps to alleviate chronic pain [55]. For
example, since estrogen increases vitamin D receptor activation, a low estrogen status could
potentially reduce the available active vitamin D amount; 75 to 90% of women receiving Al
therapy have a vitamin D deficiency [56], which might negatively contribute to a chronic
pain state [57]. It is known that vitamin D deficiency causes a muscle and joint aches
syndrome similar to Aromatase Inhibitor-Induced Arthralgias (AIA) [56]. As a result, it is
suggested that vitamin D can have a crucial role in several cellular activities considered
preventive against the development and modulation of chronic pain [57].

Interestingly, cancer and its treatment may increase the requirement for antioxidant
nutrient intake such as vitamin C because of the increased free radicals [11]. Administrat-
ing some anti-cancer therapies has shown a significant reduction in patients” vitamin C
concentrations and report of scurvy (vitamin C deficiency disease)-like symptoms so cancer
patients are one of the many patient groups who have a high prevalence of hypovitaminosis
C and vitamin C deficiency [58]. The mini-review that reviewed the few current trials
exploring the impact of IV vitamin C on cancer- and chemotherapy-related quality of life
discovered considerable reductions in pain following vitamin C administration [59].

Additionally, it is known that magnesium supplementation is used in a variety of
neuropathic pain situations, including cancer-related neuropathic pain and chemotherapy-
related neuropathy, as is shown in a recent review that looked for nutritional supplements
for the treatment of neuropathic pain [60]. Still, evidence supporting magnesium supple-
mentation for the treatment of (neuropathic pain) following cancer is lacking.

Similarly, short-chain fatty acids (SCFAs) are essential mediators of pain since they
fundamentally modulate inflammation [24]. In a network meta-analysis with randomized
controlled trials included in the six systematic reviews, Kim et al. [54] showed that omega-3
fatty acids are one of the treatment modalities which attained significant improvement in
pain severity compared to wait list controls in breast cancer survivors with AIA. However,
since the overall confidence level of each review was limited, no recommendations can be
made at present to reduce pain in patients with AIA [54].

Apart from this, several studies have found a link between cancer survivors” health-
related quality of life and their adherence to general non-cancer-specific dietary guidelines,
such as the Healthy Eating Index and the Mediterranean diet [41,61]. Higher adherence to
the traditional Mediterranean Diet (high consumption of plant-based foods (vegetables,
fruit, whole grains, legumes, nuts, olive oil) and low or limited consumption of red meat,
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milk, and sweets) were linked to higher physical functioning and health status, as well as
lower pain and insomnia symptoms, suggesting that this diet may play a role in the quality
of life of recently diagnosed female breast cancer patients [62]. Likewise, Wayne et al. [63]
claimed that women newly diagnosed with first primary breast cancer (in situ or stage I to
IITA disease) with excellent diet quality according to the Diet Quality Index received higher
quality of life scores than women with poor diet quality, including physical health subscale
category “bodily pain” with the highest scores.

Furthermore, cancer survivors are advised to follow some diet recommendations from
the American Cancer Society (ACS) Guideline on Diet and Physical Activity for Cancer
Prevention and the World Cancer Research Fund (WCRF)/American Institute for Cancer
Research (AICR) Cancer Prevention (Table 1). Higher diet scores were associated with
many aspects, including bodily pain among breast cancer survivors with stage II-III cancer,
according to a cross-sectional study that looked at whether adherence to the American
Cancer Society (ACS) guidelines was associated with health-related quality of life (HRQoL)
among Korean breast cancer survivors [64]. A study of Chinese patients with breast cancer
who followed the WCRF/AICR guidelines (BMI, physical activity, and diet) before and
after their diagnosis found that following the BMI prescription resulted in reduced pain
scores while adherence to dietary recommendations, on the other hand, was not linked to
pain scores [65].

Table 1. Contents of the dietary recommendations/guidelines for cancer survivors.

Reference The Dietary Recommendations

1. Achieve and stay at a healthy weight throughout life.

. Maintain a healthy body weight range throughout adulthood and avoid
gaining weight.

2. Engage in physical activity.

. Adults should do 150-300 min of moderate-intensity physical activity
each week, or 75-150 min of vigorous-intensity physical activity, or a
combination of the two; reaching or beyond the upper limit of 300 min
is ideal.

e  Every day, children and adolescents should do at least 1 h of moderate-
to vigorous-intensity activity.

e  Limit sedentary behaviour such as sitting, lying down, and watching
television or other screen-based entertainment.

3. Keep a healthy eating habit during your life.

. A healthy eating pattern comprises the following items:

- O Foods rich in nutrients in amounts that aid reach and maintain
2020 American Cancer .
: - healthy body weight;

Society (ACS) Guideline on . .

- . . O Various vegetables- dark green, red, and orange veggies,
Diet and Physical Activity g .

. fibre-rich legumes (beans and peas), and others;
for Cancer Prevention [66] . . . . .
O Fruit, particularly entire fruit in various colours; and

O Whole grains.
e A healthy eating pattern excludes or restricts:

O Meats, both red and processed;
O Sugar-sweetened drinks; or
O Refined grain products and highly processed foods.

4. It is better not to consume alcohol.

Those who choose to consume alcohol should limit their intake to one drink
per day for women and two drinks per day for males. Recommendation for
Community Action

. At the national, state, and local levels, public, private, and community
organizations should collaborate to develop, advocate for, and
implement policy and environmental changes that increase access to
affordable, nutritious foods; provide safe, enjoyable, and accessible
opportunities for physical activity; and limit alcohol consumption for
all people.
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Table 1. Cont.

Reference The Dietary Recommendations

1. Maintain a healthy body weight Maintain a healthy weight and prevent
gaining weight in adult life.

2. Engage in physical activity Make physical activity a regular component
of your everyday routine—walk more and sit less.

3. Include whole grains, vegetables, fruit and beans in your diet Make a
major part of your usual daily diet from whole grains, vegetables, fruit,
and pulses (legumes) such as beans and lentils.

4. Limit intake of ‘fast foods’; and other processed foods that are high in
World Cancer Research fat, starches or sugars Limiting these foods can help you keep track of
Fund (WCRF)/ American your calorie intake and maintain a healthy weight.
Institute for Cancer 5. Limit red and processed meat consumption. Red meat, such as beef,

pork, and lamb, should be consumed in moderation. Consume very

R h i
esearch (AICR) Diet, little, if any, processed meat.

Nutrition, Physical Activity

. 6. Limit sugar-sweetened drinks consumption Drink usually water and
Paenri (éigf;r&zaofgl;) F6a71] non-sweetened drinks.
P 7. Limit consumption of alcohol. It’s best to not consume alcohol for
preventing cancer.
8. Supplements should not be used to prevent cancer Aim to achieve
nutritional needs solely through diet.
9. If you are a mother: if you are able, breastfeed your baby. Breastfeeding

is beneficial to both mother and baby.

10.  After recieving a cancer diagnosis: if you are able, follow our
recommendations.

11.  Consult your medical providers to determine what is right for you.

3.3. Impact of Diet and Nutrition on Pain in Cancer Survivors through the Immune System and
Systemic Inflammation

Chronic pain frequently arises from a permanent pro-inflammatory state [55]. The
proposed pathophysiology and mechanisms that maintain chronic pain emerge constantly,
yet as part of the maladaptive synaptic plasticity related to chronic pain, proposing perma-
nent low-grade inflammation (neuroinflammation) as a primary driver makes therapeutic
approaches targeting immune activation to reduce the pro-inflammatory state important to
consider for chronic pain management [47].

This pro-inflammatory state is also a characteristic of cancer. Independent of the
increment in neural density noticed in the tumor environment, numerous pain modulating
agents such as hydrogen ions, tumor necrosis factor-alpha (TNF-«), transforming growth
factor-beta (TGF-f3), prostaglandins, interleukin-1 (IL-1) and IL-6 are set free into the
tumor vicinity, sensitizing and stimulating sensory fibers, possibly contributing to neuronal
hyperexcitability and pain [1].

Dietary components have the potential to have substantial inflammatory or anti-
inflammatory features [68]. Inflammation is linked to dietary consumption of omega-3
and omega-6 polyunsaturated fatty acids (PUFAs) in healthy populations, according to
observational studies since higher omega-3 PUFAs are associated with lower levels of
pro-inflammatory indicators such as interleukin (IL)-6, IL-1 receptor antagonist, TNF-«,
and C-reactive protein (CRP), as well as higher levels of anti-inflammatory indicators such
as IL-10 and transforming growth factor 3 [69]. Additionally, it is known that within the
neurological system, certain combinations of omega-3 and micronutrients (like vitamin
A and D) may show an even bigger synergistic effect on inhibiting microglial-mediated
neuroinflammation [70]. Similarly, high consumption of dietary fibers is inversely related
to the circulating inflammatory markers interleukin 6 (IL-6) and tumor necrosis factor o
receptor 2 (TNF-x-R2) in postmenopausal women and C-reactive protein (CRP) in breast
cancer survivors [71]. Moreover, a diet high in fruit, vegetables, whole grains, white meat,
tomato, legumes, tea, and fruit juices is substantially and inversely related to indicators of
systemic inflammation whereas consumption of refined cereals, red meat, butter, processed
meat, high-fat dairy, sweets, desserts, pizza, potatoes, eggs, hydrogenated fats, and soft
drinks, are found to be strongly and positively associated with systemic inflammation [72].
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Looking at this matter from a dietary level rather than a nutritional level, the Mediter-
ranean diet has a high anti-inflammatory micronutrients and phytochemical content such
as n-3 fatty acids, flavonoids, carotenoids, and vitamins C and E [73]. Evidence shows that
higher adherence to the Mediterranean diet is linked to a lower inflammatory status [74].
As a result, applying an intervention to increase the adherence to a Mediterranean diet
pattern may have health benefits by reducing systemic inflammation [73]. In this regard,
also more general, several studies have linked diet quality to inflammation. For example,
breast cancer survivors with better postdiagnosis diet quality showed lower CRP levels
(1.6 mg/L vs. 2.5 mg/L) and higher scores on the Healthy Eating Index (2005) [75]. Like-
wise, Orchard et al. observed that a higher HEI-2010 score was strongly associated with
reduced IL-6 and TNFR-2 levels in breast cancer survivors [76].

Another approach to affect the nervous system’s neuroimmune function is through
metabolic alterations [47]. According to mounting evidence, oxidative stress can activate
and maintain pain pathways via activating glutamatergic transmission and numerous in-
flammatory pathways (which are important for the development of peripheral and central
sensitization), as well as directly influencing nociceptive centers in the brain [77]. Oxidative
stress has been proven to be a significant contributor to the pain caused by chemotherapy-
induced peripheral neuropathy (CIPN) [78]. The findings in mouse models showed that
cisplatin-induced mechanical hypersensitivity is caused by peripheral oxidative stress sen-
sitizing mechanical nociceptors, whereas paclitaxel-induced mechanical hypersensitivity is
caused by central (spinal) oxidative stress maintaining central sensitization that abnormally
produces pain in response to A fiber inputs [78]. Furthermore, mitochondrial dysfunction
caused by cancer cells (induced by the mitochondrial genome alterations, the associated
oxidative stress etc.) [79] may play a role in chronic pain. Maintaining mitochondrial func-
tion has been proposed as a possible treatment technique for treating or preventing chronic
pain [80]. For example, strategies that improve mitochondrial function have shown success
in preventing and reversing CIPN in pre-clinical animal models and have begun to show
some progress toward translation to the clinic [81]. Although dietary intake ultimately
directs metabolism, only a few studies showed how metabolic pathways influenced by diet
may have a role in the immune activation seen in chronic pain [82]. It is asserted that diets
high in fruit and vegetable consumption can decrease oxidative stress [72]. For example,
antioxidants produced from food, such as vitamin A, CoQ10, vitamin E, and vitamin C,
have been demonstrated to play an important role in preventing oxidative stress, and
several studies have found a link between the consumption of specific foods or food groups
and plasma/serum antioxidant capacity [83]. In women who have had breast cancer, it has
been demonstrated that drinking fresh carrot juice on a daily basis is a simple and effective
way to increase plasma total carotenoids and, as a result, reduce oxidative stress, but not
inflammatory markers [84].

Additionally, in vitro evidence demonstrated the role of nuclear factor-kappa B (NF-«B),
which has a critical role in cancer development and progression [85], as well as in regulating
inflammatory pain [86]. Evidence also found that tomato extracts inhibited TNFo induced
NF-kB activity in the androgen-independent human-derived prostate cancer cells [87].

Taking into account the links between chronic pain, inflammation, and metabolic
dysregulation, and there subsequent impact in cancer survivors, a strategic dietary inter-
vention for this population that could modulate this pathophysiology is worth looking
into [47]. However, specific evidence for these mechanisms in cancer survivors is yet to be
generated and represent an important area for future research.

3.4. Impact of Diet and Nutrition on Pain in Cancer Survivors through Gut Microbiota

In cancer cohorts, cancer treatments, specifically chemotherapy, has been proven to
have a negative impact on the gut microbiome [88]. In support of this, the gut microbiota has
been linked to psychoneurological symptoms associated with cancer treatment including
chemotherapy-induced peripheral neuropathy by generating pro- and anti-inflammatory
cytokines or chemokines to be produced [89]. Recent research suggests that dysbiosis of

136



J. Clin. Med. 2022, 11, 653

the gut microbiome is also a critical factor in central sensitization, which leads to chronic
pain and cancer-related pain [90].

An increasing body of research demonstrates the critical function of gut microbiota
in acute and chronic pain (neuropathic, inflammatory, and viscera) modulation and has
ushered into a new era in pain management [91,92]. Additionally, gut microbiota-derived
mediators in the central nervous system may modulate induction and maintenance of
central sensitization via regulating neuroinflammation, which involves the activation of
blood-brain barrier cells, microglia, and infiltrating immune cells [91,93,94]. Animal models
have shown that gut microbes can stimulate the vagus nerve, which controls brain and
behavior, and that changes in gut microbial composition are linked to significant changes
in mood, pain, and cognition behaviors [95]. Preclinical and clinical findings suggest that
communication between the gut microbiome, inflammation and microglia is involved in the
development of chronic pain, implying that manipulating the gut microbiome in chronic
pain sufferers could be an effective way to improve pain outcomes [96].

Dietary composition and amount play a significant role in gut microbiota composition
and function [37]. It has been shown that lesser gut microbial diversity is associated with
poorer nutritional status, frailty, comorbidity, and inflammation indicators [97]. Based on
animal and human studies, dietary intake is seen to be a main short-term and long-term
regulator of the gut microbiota structure and function [98]. To illustrate; some findings
point to a relationship between Vitamin D insufficiency and altered nociception, presum-
ably through molecular processes affecting the endocannabinoid and associated mediator
signaling systems [99]. Additionally, short-chain fatty acids (SCFAs), which are microbial
metabolites, interact with vagal afferents, and impact inflammation and hormonal control
may also affect the peripheral immune system to modulate brain function [100]. Hence,
targeting gut microbiota by dietary intervention is one of the innovative and possibly
productive options for chronic pain therapy [91].

In cancer survivors, there are a few studies examining the relationship between nutri-
tion and gut microbiota. For example, volunteers with a prior history of colorectal cancer
who received rice bran or bean powder had increased gut bacterial diversity and altered
gut microbial composition after 28 days when compared to baseline [101]. In overweight
breast cancer survivors, probiotics in addition to a Mediterranean diet (MD) enhance gut
microbiota and metabolic and anthropometric parameters as compared to an MD alone [37].
Another evidence of positive associations between the abundances of Bifidobacterium
among the gut microbiota and the levels of omega-3 PUFAs in the blood came from a
cross-sectional study that looked at the relationship between PUFAs and the gut microbiota
among breast cancer survivors [102].

Understanding the link between the gut microbiota, nutrition and chronic pain has
practical implications for cancer survivors. Nutrients initially meet the gut microbiota
before being absorbed as bioactive products; hence anything related to the link between
diet and pain is closely associated with the gut microbiome [24]. Guo et al. [91] assert that
gut microbiota modulates pain in the peripheral and central nervous systems, and that
targeting gut microbiota through diet and pharmabiotic intervention could be a new thera-
peutic approach for chronic pain treatment including chemotherapy-induced peripheral
neuropathy pain.

4. How Can We Implement This Knowledge in Clinical Practice?

Studies in cancer survivors showed differences in nutrient intake status (such as total
energy intake, carbohydrates and vitamin B) before and after cancer diagnosis [103] and
in comparison to cancer survivors with non-cancer individuals [104]. Moreover, studies
displayed poor adherence to diet recommendations, reports, and guidelines [105-107].

Latest literature recommends that nutritional counseling focused on micro-/macronutrients
(such as vitamins, minerals, saturated fat, proteins, etc.) does not end up with adequate
development in eating behaviors and may also cause an unnecessary increase in supplements
consumption [108]. Additionally, due to reduced dietary intake and changed metabolism and
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absorption, cancer survivors often do not respond well to nutritional supplements [11]. For that
reason, dietary supplement use is common and controversial among cancer survivors; however,
evidence on the amount of nutrients received through supplements is lacking [109]. Still,
cancer survivors reported a higher prevalence and dose of dietary supplement use, but lower
nutritional consumption from foods, than those who had not been diagnosed with cancer [110].
However, there is some evidence that shows supplementation could work in cancer patients.
For example, diet supplementation with some particular nutrients such as omega-3 fatty acids,
vitamins B1, B3, B6, B12 and D, magnesium, zinc and (3-carotene contributes to the alleviating
of chronic pain as seen in systematic reviews in different pain populations including aromatase
inhibitor-related arthralgia in breast cancer [55].

Since the cancer survivors population grows, clinicians as well as the healthcare
system will require adapting and learning new methods to support patients with persistent
pain [111]. Biologic therapies such as diet targeting the underlying causes of pain as
discussed above could potentially reduce costs associated with cancer-related pain in
survivors. Additionally, cancer survivors are often curious about food choices, physical
activity and dietary supplements since they would like to learn whether nutrition and
physical activity may help them live longer or feel better [112]. As part of this, nearly
half of cancer survivors used nutritional supplements on their own without contacting
their health care provider, which could indicate a lack of communication between cancer
survivors and their health care providers about supplement use [110]. According to a
study, only 2% of 1081 cancer survivors received dietary supplement counseling from a
licensed dietitian [113]. In addition, promoting a dietary pattern rather than a specific
food or nutrient may offer more health advantages, but future treatments must develop
techniques that allow people to change numerous dietary habits successfully [73].

Furthermore, moderate-certainty evidence has demonstrated that dietary interventions
can also modify food and nutrient intakes and positively affect some anthropometric
measurements (such as weight loss and body mass index) in cancer survivors, especially
in women after breast cancer [114]. In addition to that as discussed, some evidence found
those positive changes could improve pain in (breast) cancer survivors [43,115]. In the
light of these considerations, cancer survivors should also be encouraged to follow the
recommendations for body weight as has been reported in a recent systematic review [116].

In a recent review that addressed adult cancer survivors’ perspectives on dietary
advice following cancer treatment in the Australian context, cancer survivors reported a
need for (a) individualized dietary strategies to address ongoing symptomes, (b) professional
weight management support, and (c) practical skills for healthy eating [117]. Given that
survivors are extremely motivated to improve their general health following a cancer
diagnosis, healthy lifestyle recommendations from oncology providers can be a powerful
motivator for survivors to embrace health behavior modifications [118]. A randomized
controlled trial demonstrated that an education and culinary-based intervention in breast
cancer survivors successfully increased adherence to a more anti-inflammatory dietary
pattern by increasing consumption of anti-inflammatory foods, spices, and herbs while
decreasing consumption of pro-inflammatory foods [73].

As aresult, in order to make healthy lifestyle choices throughout survivorship, cancer
survivors may benefit from additional advice and support [107]. However, cancer survivors
receive a wide range of recommendations about what foods to consume or avoid, and
what supplements to take, if any, from a variety of sources. Unfortunately, this advice is
frequently inconsistent and unsupported by evidence [109]. However, even though more
research is needed to completely integrate these approaches as management modality for
chronic pain in cancer survivors, it is important to guide those people and inform them
about the importance of healthy diet with so far accumulated evidence.

5. Conclusions

Obesity, malnutrition, nutritional deficiency, diet quality, immune system, systemic
inflammation, and gut microbiota are some pathways/mechanisms associated with chronic

138



J. Clin. Med. 2022, 11, 653

pain in cancer survivors. As seen clearly, dietary interventions may provide weight re-
duction, a healthy body weight, good diet quality, regulations in systemic inflammation
and immune system, and a healthy gut microbiota environment that could modify afore-
mentioned pain-related pathways/mechanisms. For that reason, nutrition might have the
potential to transition from being only prevention for cancer recurrence or cancer itself to
a modality for chronic pain management for cancer survivors. In some available studies,
nutrition has been already shown to improve survivors’ pain and quality of life (including
bodily pain), which provides some basis and rationale considering the role of nutrition in
chronic pain management carefully.

In the future, more clinical studies that directly explore nutrition and chronic pain
in cancer survivors should be done to better understand the particular mechanisms that
connect nutrition to chronic pain. Exploring and implementing awareness, prevention
and management approaches that recognize the links between these elements is crucial to
providing pain relief to survivors.
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Abstract: Exposure in vivo (EXP) is an effective treatment to reduce pain-related fear and disability
in chronic pain populations. Yet, it remains unclear how reductions in fear and pain relate to each
other. This single-case experimental design study attempted to identify patterns in the individual
responses to EXP and to unravel temporal trajectories of fear and pain. Daily diaries were completed
before, during and after EXP. Multilevel modelling analyses were performed to evaluate the overall
effect. Temporal effects were scrutinized by individual regression analyses and determination of
the time to reach a minimal clinically important difference. Furthermore, individual graphs were
visually inspected for potential patterns. Twenty patients with chronic low back pain and complex
regional pain syndrome type I were included. On a group level, both fear and pain were reduced
following EXP. Individually, fear was significantly reduced in 65% of the patients, while pain in
only 20%. A decrease in fear was seen mostly in the first weeks, while pain levels reduced later or
remained unchanged. Daily measurements provided rich data on temporal trajectories of reductions
in fear and pain. Overall, reductions in fear preceded pain relief and seemed to be essential to achieve
pain reductions.

Keywords: chronic pain; exposure in vivo; pain-related fear; rehabilitation; chronic low back pain;
complex regional pain syndrome

1. Introduction

Chronic pain is characterized by a complex interaction between physical and psychoso-
cial factors, and therefore remains a therapeutic challenge [1]. Psychosocial factors have
been recognised as important contributors to the development and maintenance of chronic
pain and related disability. A major role is played by pain-related fear [2]. After an acute
injury, it is a beneficial protection mechanism to fear and avoid activities that are associated
with pain and potential further damage. Yet, this behaviour becomes maladaptive when
it persists into the chronic stage [3]. Avoidance of daily activities results in functional
deterioration, contributes to more pain and increases the fear of (re)injury [4]. This vicious
circle is described as the fear-avoidance model [2].

Pain-related fear has been considered an important contributing factor in chronic
musculoskeletal pain populations [2,5,6]. For instance, in patients with chronic low back
pain (cLBP), fear contributes more to disability than pain intensity [7] and is associated
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with poorer recovery [8,9]. Furthermore, the recovery of patients with complex regional
pain syndrome type I (CRPS-I) is adversely influenced by pain-related fear [10,11]. In fact,
both populations showcase high similarities in fear and its association with disability [12].

Consequently, it is important to address pain-related fear in the rehabilitation of
patients with chronic pain. Exposure in vivo (EXP) is a cognitive-behavioural treatment
that stimulates patients to perform threatening movements and activities, in order to modify
their expectations about movement and injury, and to reduce their avoidance behaviour [13].
Combining exposure with pain education teaches patients that their disability is self-
manageable and their pain is not necessarily a reliable indicator of injury [14]. EXP has been
demonstrated to be effective in patients with cLBP [15-17], CRPS [18,19], and other pain
types [20,21]. Although EXP decreases fear and disability in most patients, approximately
40-60% does not respond with clinically relevant changes in pain experiences [17,22].
Importantly, this treatment does not explicitly target pain levels. The primary intention is
to lower pain-related fear and consequently disability, as they show a strong association
unaffected by pain intensity [4]. Conversely, fear does mediate the associations between
pain and disability [9]. Fear influences the report of pain [23], but is also identified as
a consequence rather than a precipitating factor of pain [24]. These findings suggest an
unique but also complicated relationship between fear and pain. It has been anecdotally
reported that during EXP fear is reduced first and then followed by reductions in pain, but
this has not been formally investigated. It also remains unclear whether reductions in fear
are a prerequisite for pain relief.

Therefore, the primary aim of this study was to examine the temporal relationship
between changes in pain-related fear and pain intensity during EXP in patients with
chronic pain. Daily diaries were used to scrutinise the chronology of treatment effects and
to identify individual patterns. These insights could help clinicians to improve patient-
tailored treatment approaches. Our hypothesis was that decreases in fear during EXP
would precede pain relief.

2. Materials and Methods
2.1. Study Design

A sequential single-case experimental design (SCED) was used in this study, in which
several outcomes per participant were repeatedly assessed throughout different phases [25].
Participants completed daily repeated measures during a baseline period (phase A), an
intervention phase (phase B), and an immediate post-intervention period (phase C). In ad-
dition to the diaries, online questionnaires were completed at baseline and post-treatment.

2.2. Procedures

This SCED study is part of a larger study investigating effects of EXP on chronic pain,
“BrainEXPain”. BrainEXPain was approved by the Medical Ethical Committee of Maastricht
University Hospital /Maastricht University (MUMC+/UM). The protocol is registered at
ClinicalTrials.gov [NCT02347579]. Previous papers of the “BrainEXPain” project focused
on fMRI [22,26], in relation to pain-related questionnaires. The results of the diaries have
not been described yet.

Patients were recruited via the department of Rehabilitation Medicine at MUMC+/
Adelante Rehabilitation Centre, between January 2015 and August 2017. They were referred
by a physiatrist to a multidisciplinary screening procedure and were requested to fill out
an online screening questionnaire (Qualtrics, Provo, UT, USA). Eligible patients, for whom
pain-related fear was suspected to be a major contributing factor, were briefed on the study
procedure, daily diaries, and treatment approach, and were asked to sign the informed
consent. If both the multidisciplinary team and the patient gave a green light, information
about EXP and an introduction to pain education was provided. Prior to the first study
visit in which an MRI scan was performed, patients were requested to fill out online
questionnaires and to start with filling out daily diaries (Qualtrics, Provo, UT, USA) for five
consecutive days or more, which resulted in a pseudo-randomized baseline period. Three
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days prior to the first treatment session, patients were requested to start completing daily
diaries again and to continue throughout the whole treatment period. Daily diaries were
consistently sent out at 9:00 am. The online questionnaires were repeated post-treatment
and the patients were asked to continue filling out the diaries for another two weeks
(Figure 1).

Recruitment BrainBxFain SROsrE IV treatment
[ 3 %

[ DAILY DIARIES

»
MUMCC/Adelante Multidisciplinary
Rehabilitation Centre, Eligibility check pain screening
January 2015 — August 2017 +education

Questionnaires Questionnaires

Figure 1. Timeline study procedure.

2.3. Participants

The study included patients with cLBP as well as patients with CRPS, between 18
and 65 years old. To be included, patients had to experience non-specific LBP for at least
6 months or to be diagnosed with complex regional pain syndrome type-I (CRPS-I) based
on the Budapest criteria [27]. Patients were referred for EXP if irrational cognitions and
pain-related fear was deemed to be a maintaining factor for pain-related disability, by an
experienced rehabilitation team (including a physiatrist, a physical therapist, a psychologist,
and an occupational therapist). Exclusion criteria were other diagnoses that could explain
the symptoms, pregnancy, and serious psychopathology diagnosed with the Symptom
Checklist (SCL-90) [28].

2.4. Exposure In Vivo Treatment

Exposure in vivo (EXP) is standard care for patients with chronic pain and elevated
pain-related fear at MUMC+/ Adelante. This treatment exposes patients to feared move-
ments and activities, in order to challenge and adjust their exaggerated expectations related
to harm and (re-)injury. EXP aims to modify fear-avoidance beliefs by increasing knowl-
edge about pain, encouraging to perform threatening activities, and challenging patient’s
expectations about consequences of movement. A detailed description of the EXP-protocol
can be found in Vlaeyen et al. [29]. First, individual threatening activities were identified
by using the photograph series of daily activities (PHODA) [30]. Treatment started sub-
sequently with pain education, in which was explained that pain is not an indicator of
harm and may persist in a vicious fear-avoidance circle. In the EXP sessions, threatening
activities selected from the patient’s completed PHODA were performed to challenge their
expectancies and were encouraged to repeatedly perform relevant threatening activities
until they no longer intended to avoid them. EXP typically consist of 16 sessions, but the
number could be adapted based on clinicians” and patient’s decision.

2.5. Outcomes
2.5.1. Daily Measures

Daily levels of pain intensity and self-reported fear of three personally relevant daily-
life movements/activities were assessed using electronic diaries. These individually tai-
lored activities were selected based on a ranking of movements/activities (PHODA) by the
participant as being threatening and personally relevant. Participants received a daily re-
minder to complete a brief questionnaire. Participants were requested to complete the daily
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assessments from baseline until two weeks after the end of treatment. Due to variations
in scheduling, the baseline period differed for each participant and hence was pseudo-
randomized. All items were rated on a visual analogue scale (VAS) ranging from 0 to 100.
The daily questions are described in Table 1. Diaries have been shown to be sensitive to
capture the effect of exposure in vivo treatment [11,18,31].

Table 1. Diary questions.

Topic

Question Scale

Pain-related fear

“How threatening would it be for you to perform this activity at

this moment?” 0 =not at all-100 = very

(one question for each of the three tailored activities)

Pain intensity

“How intense is your pain at this moment?”

“How intense was your most intense pain during the last 24 h?” 0 = not at all-100 = worst imaginable
“How intense was your least intense pain during the last 24 h?”

2.5.2. Non-Daily Questionnaires

Online questionnaires were filled out at baseline and post-treatment. The following
standardised questionnaires were included: Pain Disability Index [32], photograph series
of daily activities (PHODA) for low back [33], upper [34], or lower extremities [35], Tampa
Scale of Kinesiophobia (TSK) [36], Pain Catastrophizing Scale (PCS) [37], Hospital Anxiety
and Depression Scale (HADS) [38], Pain Vigilance and Awareness Questionnaire (PVAQ),
Short-Form McGill Pain Questionnaire (SEMPQ) [39], and the Resilience Scale (RS) [40].
Participants were also asked to score their pain on a standard 11-point numeric rating
scale from 0 (“no pain”) to 10 (“most pain imaginable”) [41]. An average pain score was
calculated; combining the current pain, pain from the night before and the worst, the best,
and average pain in the last week.

2.6. Statistical Analyses

Initially, descriptive statistics of baseline characteristics, including the average fear
and pain levels, were examined. Our statistical analyses of daily diary data were conducted
with the MultiSCED app (http://34.251.13.245/MultiSCED/; 1 October 2021). MultiSCED
has been developed in R to provide the possibility to investigate intervention effects at the
individual level and to combine SCED data across cases through multilevel modelling [42].
By creating a multilevel model, the strong internal validity of monitoring a single case can
be extended to estimate overall treatment effects [43]. To evaluate the overall changes in
pain-related fear and pain intensity, the pre- and post-treatment daily data were compared
on a group level. The significance level was set at « = 0.05, 95% CI. Missing data was
handled according to the randomized-marker method, in which all days the diary was not
completed were displayed as “NA” (not applicable) [44,45].

Subsequently, individual data were examined to identify individual patterns and to
unravel interactions between pain-related fear and pain intensity. Individual regression
analyses were performed, comparing baseline (phase A) and post-intervention results
(phase C) to examine the effect of EXP per individual.

In order to investigate when treatment effects occur during the intervention:

(1) Different phases were created to be used in a sliding window approach. We started
comparing baseline data (phase A) with all intervention and post-intervention data
(Phase B + C). Afterwards, we systematically added one week to phase A to obtain a
timeline for treatment effects (e.g., Phase A + 1w), until phase B consists of less than
five measurements.

(2) The time to reach the minimal clinically important difference (MCID) was scrutinized.
To unravel the relevance of EXP to patient care, it is useful to not only focus on
statistically significant changes, but also on clinically important differences. Even
if the statistical result is not significant, the patient might still feel meaningful pain
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relief or physical improvement due to treatment. A reduction of 30% in pain intensity
on a 11-point numeric rating scale has been considered as a MCID in chronic pain
populations [46,47]. Therefore, the 30% cut-off value, starting from the baseline
average, for pain intensity and for pain-related fear was calculated for each patient.
The moment the patient scored lower than this value for at least three consecutive
days, was considered as the point of MCID.

(38) Individual visual graphs and descriptive values were explored to divide the patients
into clusters based on their response to EXP. Patterns in temporal changes were
analysed within these clusters and compared to the results of the sliding window
approach, the time to reach the MCID and the differences between baseline and
post-intervention questionnaires.

Pre- and post-intervention questionnaires were analysed using SPSS (version 27). First,
normality was checked with the Shapiro-Wilk test. Treatment effects of normally distributed
variables were analysed with the paired Student’s t-test and the paired Wilcoxon-test was
used for non-normally distributed variables.

At last, moderator variables for treatment effectiveness were also exploratively scruti-
nized, by including them one by one in the pre—post multilevel model (e.g., gender, age,
population, and the baseline results of the non-daily questionnaires).

3. Results
3.1. Participant Characteristics

The recruitment period resulted in 38 included patients in BrainEXPain, of which
23 initiated and completed EXP. Based on the completeness of the daily diaries (minimal
duration of treatment of five weeks with at least 40% of the daily diaries completed),
20 patients were analysed as single-cases in this study (Figure 2), including thirteen patients
with cLBP and seven with CRPS. The baseline demographic characteristics and most
relevant reported outcomes can be found in Table 2. Detailed information on baseline
scores for all questionnaires can be accessed in Supplementary materials.

Table 2. Baseline patient characteristics.

Case Population  Age (l,/f‘i‘/[) BMI D‘;;itt‘;“fh‘,’[‘:df;ﬁ;‘ts P‘;‘;ersaciie PDI  PHODA
co1 CRPS LE 3 M 27.47 36m 6.4 34 45.00
co2 CLBP 55 F 26.29 S5y 5 28 1943
03 CLBP 14 F 2571 25y 6.8 50 61.30
Co4 CRPS UE 28 M 2422 12y 7.6 57 73.00
05 CLBP 35 M 28.40 25y 34 7 18.28
06 CLBP 36 M 28.70 6-12'm 7 18 4338
% CLBP 28 F 25.00 25y 38 1 4025
o8 CLBP 23 M 22.64 5y 7.6 45 71.15
€09 CLBP 37 M 20.28 25y 4 19 28.20
C10 CLBP 53 M 26.85 25y 58 39 65.35
c11 CLBP 32 M 29.39 12y 56 38 35.38
C12 CLBP 57 M 25.00 25y 46 19 71.28
C13 CLBP 52 M 30.76 12y 52 35 4055
Cl4 CLBP 40 M 29.39 5y 36 19 54.00
C15 CRPS LE 33 F 27.76 6-12m 62 0 47.95
C16 CLBP 44 M 27.93 5y 0 57 70.40
c17 CRPS LE 62 F 31.99 5y 6.4 14 83.88
C18 CRPS LE 27 F 2481 25y 3.6 35 7.28
C19 CRPS UE 34 F 44,63 36m 8.4 19 72.17
C20 CRPS LE 29 F 37.11 12y 8 29 2525
Mean CLBP 13 1 77% 27 25y 5 37 50
Mean CRPS 7 37 29% 31 12y 7 il 51
Overall mean 20 39 60% 28 25y 5 38 50

CLBP = chronic low back pain; CRPS = complex regional pain syndrome type I; F = female; LE = lower extremities;
M = male; PDI = Pain Disability Index (0-70); UE = upper extremities.
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Invited to participate {n = 56)

¥
"

Mo interest (n = 11}) ]

Assessed for eligibility (n = 45)

Not meeting inclusion criteria (n =7)
Declined to participate (n = 15)

¥

Initiated EXP {n = 23)

Completed intervention

Insufficient completion of daily diaries
(n=3)

Analysed as SC (n = 20)

CLEP 13— CRPS 7

Figure 2. Flow chart of recruitment process. CLBP = chronic low back pain; CRPS = complex regional
pain syndrome type I; Exp = exposure in vivo treatment; SC = single case subject.

3.2. Treatment Characteristics

Patients initially received two sessions per week, which was reduced to one session
per week in the generalisation phase. Total treatment duration ranged from 5 to 14 weeks,
with an average of 9 weeks, which was determined by a common decision between the
therapist and the patient (Table 3).

Table 3. Completeness of daily measurements.

Duration Baseline Duration EXP Duration Post-Intervention

Case Duration Measurements Duration Completion Duration Completion

(Days) (Days (Weeks)) (%) (Days) (%)
Co1 23 12 94 (14) 100 19 100
C02 9 9 72 (11) 90 12 61
C03 34 9 47 (7) 64 17 56
C04 33 10 66 (10) 41 19 61
C05 7 7 30 (5) 67 0 -
C06 33 10 29 (5) 79 9 89
C07 26 5 59 (9) 66 0 -
C08 35 6 43 (7) 53 0 -
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Table 3. Cont.

Duration Baseline Duration EXP Duration Post-Intervention

Case Duration Measurements Duration Completion Duration Completion

(Days) (Days (Weeks)) (%) (Days) (%)
C09 27 11 37 (6) 97 7 89
C10 34 11 66 (10) 55 4 56
C11 47 11 45 (7) 56 0 -
C12 42 11 51(8) 64 0 -
C13 93 10 57 (9) 88 7 86
Cl4 31 5 52 (8) 88 0 -
C15 9 9 96 (14) 81 0 -
C16 41 5 57 (9) 81 0 -
C17 52 3 92 (14) 89 12 100
C18 29 9 57 (9) 81 0 -
C19 113 10 52 (8) 51 0 -
C20 65 9 57 (9) 59 0 -

Average 39.15 8.60 57.95 (8.95) 72.50 5.30 77.55

3.3. Diary Completion

An overview of the diary completion per patient and period can be found in Table 3.
Baseline data contained 3 to 12 measures scattered throughout the five months prior
to treatment, of which at least the three days right before the start of treatment were
acquired. Completion during treatment had an average of 72.5%. Post-intervention data
varied between 0 and 19 measures. Unfortunately, eleven patients did not complete the
diaries after finishing treatment. When no follow up data was available, the last seven
measurements during treatment were utilized for further analyses.

3.4. Multi-Level Modelling of Daily Diary Outcomes

Multi-level analyses of pre- and post-intervention diaries were performed to evaluate
overall treatment effects (Table S1). Comparison of the daily measurements in phase
A versus phase C showed significant improvements in pain related fear (MD = —29.44;
SD =7.30; t = —4.03; p < 0.001) and pain intensity (MD = —9.28; SD = 2.61; t = —3.55;
p = 0.002) (both outcomes were scored on a scale from 0 to 100).

3.5. Descriptive and One-Level Analyses of Daily Diary Outcomes

The evolution of individual daily measurements of pain-related fear and pain intensity
across all participants is shown in Figure 3. Visual inspection of these graphs reveals
reduction of pain-related fear in almost all patients. Some showed an immediate response
to EXP, while others display a delayed reaction. When observing pain intensity, only about
half of the patients showed a decrease between baseline and post-intervention. Various
patterns can be identified, emphasising that not all patients respond similarly to EXP and
strong conclusions based on visual inspection are challenging.

Therefore, a schematic overview of the one-level analyses is presented in Figures 4 and 5,
and detailed statistical information can be found in Tables S2 and S3. First, all daily mea-
surements during baseline phase A were compared with those during the post-intervention
phase C. This comparison showcases the effectiveness of EXP for the relevant outcomes. For
pain-related fear, the effect of treatment manifests itself in significant reductions in 13 out of
20 patients (65%). By contrast, only four showed a significant reduction for pain between the
baseline and post-intervention phase (20%).
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Figure 3. Graphs of daily measurements of pain-related fear and pain intensity.
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Figure 4. Overview of individual significant reductions per phase for pain-related fear. . pre—
post effect (p < 0.05); [___] change in trend (p < 0.05); [___] non-significant change; [__] end
of EXP. Note. A light blue box means the trend of scores before that specific week was significantly
different than the trend of scores after this point. A white box after a light blue box means that that
week no big changes occurred anymore.
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Figure 5. Overview of individual significant reductions per phase for pain intensity. N pre-post
effect (p < 0.05); ] change in trend (p < 0.05); L1 non-significant change; [ Jend of EXP.
Note. A light blue box means the trend of scores before that specific week was significantly different
than the trend of scores after this point. A white box after a light blue box means that that week no
big changes occurred anymore.

Consequently, it was analysed during which week a significant change in trend appeared
by comparing all data before the respective week with all further data (i.e., sliding window
approach). These results were rather variable, but visual inspection of Figures 4 and 5
shows that patients had earlier and more continuous changes in pain-related fear than in
pain intensity. After two weeks, the scores for fear were significantly influenced in 16 of
the patients (80%), and for pain, only, in 8 of the patients (40%). Only one patient did not
experience a significant change in fear at any point during treatment (even though the overall
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pre—post comparison did yield a significant difference), while for pain six patients did not
show a change in trend at any point.

3.6. Time to Reach the Minimal Clinically Important Differences (MCID)

An overview of these findings is given in Figure 6. The earlier the clinically meaningful
effect occurred, the darker blue the box is coloured. Inspection of this figure quickly shows
that the cut-off values for fear were more often and sooner reached than for pain intensity.
The fear scores reached the cut-off in all but two patients, while the pain scores reached
the MCID in only half of the patients. Of those who reached a MCID for pain, it preceded
an MCID in fear in only one patient (10%). The others showed a MCID in fear before or
during the same week as an MCID in pain. The range in which the MCID was reached was
week 1 to 7 for fear and week 1 to 11 for pain. Additionally, during the first four weeks 15
of the 20 patients reached the MCID for fear, compared to only five for pain.

30% MCID
Patient Pain intensity
co1 week 5 week 11
co2 week 1 week 11
co3 week 4
co4 week 2
C05 week 1
cos pEeL S Colour legend
co7 week 1-2
cog week 1 week 8 week 3-4
Co9 week 2 week 5-6
Cc10 week 1 wesk 1 week 7-8
ci1 week 3 week 3 week 9-10
ci2 _ week 1 week 11-12
C13 week 1 _ week 13-14
ci14 week 1 week 2 not reached
Ci5 week 2
Cl6 week 5 week 11
ci7 week 3
C18 week 1
c19
c20

Figure 6. Time to reach the minimal clinically important difference per patient. MCID = minimal
clinically important difference, fixed at 30% of the mean baseline score.

3.7. Visual Inspection of Clusters in Single Cases

Closer inspection of the individual graphs in Figure 3 shows that each patient re-
sponded differently to EXP. However, different patterns can be recognized and enables us
to divide the patients into clusters. Based on the temporal effect on pain-related fear and
pain intensity, four clusters could be identified (Figure 7).
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Figure 7. Overview of the clusters.

Cluster 1: Quick decrease in fear, pain follows

Patients in this cluster showed a decrease in pain-related fear quickly after the start of
EXP, while a decrease in pain intensity only occurs later. Seven patients (i.e., 1,2, 4, 7, 10,
14, and 15) showcase this pattern in greater or lesser extent.

Cluster 2: Decrease in fear, pain unaffected

This pattern is characterized by a decrease in pain-related fear, while the pain remained
unchanged. This phenomenon is recognisable in the graphs of five patients (i.e., 5, 6,9, 13,
and 17).

Cluster 3: Late effect in fear

Three patients (i.e., 8, 11, and 16) showed a rather late decrease in pain-related fear,
reflecting that they needed multiple treatment sessions and repeated exposure before the
effect occurred. While patient 8 has a sudden drop in fear after four weeks, patient 11 had
enormous fluctuations until far in treatment, and patient 16 had an initial early drop but
relapsed before improvements slowly occurred again. Patient 8§ showed no change in pain
intensity, while the pain of patient 11 followed the same pattern of the fear and patient 16
described no pain throughout the whole treatment period.

Cluster 4: No clear effect

Based on visual inspection of the graphs, five patients (i.e., 3, 12, 18, 19, and 20) showed
little to no change in pain-related fear or pain intensity.
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3.8. Non-Daily Questionnaires

Before and after treatment the patients filled out online questionnaires. All results
can be found in Table S4A,B. All variables were normally distributed. Comparisons of
pre- and post-EXP data of all patients showed significant improvements in average pain
score (—1.64 £ 2.16; p = 0.003), pain-related disability (PDI; —27.4 & 15.36 SD; p < 0.001), pain-
related fear (PHODA; —33.33 & 22.69 SD; p < 0.001), fear of movement (TSK; —10.65 =+ 7.39 SD;
p <0.001), pain catastrophizing (PCS; —12.4 £ 13.08 SD; p < 0.001), pain vigilance (PVAQ;
—13.75 £ 16.57 SD; p = 0.001), pain rating (SFMPQ; —5.4 £ 6.48 SD; p = 0.001), and resilience
(RS; —=7.1 £7.45SD; p < 0.001), but not on anxiety and depression (HADS; —2.35 £ 7.17;
p =0.16).

Based on the distribution into the four clusters, differences can also be exploratively
inspected in questionnaires results. Baseline average pain scores were the highest in cluster
4 compared to the other clusters, while the gain by EXP was the lowest. Baseline PDI
scores were higher in cluster 3 and 4, while cluster 2 and 4 showed smaller improvement in
disability after treatment. No differences between the clusters were seen in baseline PHODA
and RS scores, yet cluster 4 showed again the least improvement in these questionnaires.
Other between clusters results were comparable.

3.9. Moderating Factors of Treatment Efficacy

In order to evaluate which characteristics influenced the effect of EXP on the outcomes,
the baseline scores were included as moderator variables in the pre-post multilevel model
(Table S5). Treatment effect on pain-related fear was significantly moderated by gender
(p = 0.001), showing a lower reduction of fear in women compared to men, but not by
age, population, or any of the questionnaire results. None of the baseline characteristics
significantly moderated the effect of EXP on pain intensity.

The text continues here. Proofs must be formatted as follows.

4. Discussion

The primary aim of this SCED study was to disentangle individual patterns in the
temporal effect of EXP on pain-related fear and pain intensity. SCEDs have proven to be
valid for demonstrating intervention effectiveness at an individual level and to observe
these changes over time [43]. The strong internal validity of monitoring one participant
has also been extended by creating a multilevel model, allowing to estimate overall effects
across cases. Multilevel analyses revealed that daily fear and pain scores were lower after
than before treatment, showing that—overall—EXP had a positive impact on both outcomes.
The findings of this study are consistent with previous SCED studies that concluded that
EXP had a positive effect on fear and intensity in patients with CRPS-1[18] and cLBP [48].
In addition to the positive group-level effects, individual subject analyses demonstrated
that the majority of patients (65%) responded with a reduction in fear, while the effect on
pain was more limited (20%). Both the sliding window approach and the time to reach
MCID showcased that fear reductions occurred sooner or in absence of pain reductions.

When considering the temporal trajectories by the sliding window approach, it is
remarkable that none of the patients showed an improvement in pain without an improve-
ment in fear. This suggests that it is necessary to lower fear to obtain an effect on pain. This
fits the idea to predominantly treat fear, as it is more disabling than pain itself [7] and con-
tributes to the maintenance of chronic disability [49]. Disability was reduced by EXP, but it
could have been useful to investigate when this effect occurs to understand its relationship
with fear and pain. It might be that first new expectations are formed and subsequently
fear reduces. Hence, individuals restart to perform formerly threatening activities and
eventually their functionality increases. The reduction in pain subsequent to the reduction
of fear could be explained by the fact that they share common brain networks [50,51].
Fear of pain involves similar neural circuits as pain perception, including the amygdala,
limbic structures, anterior insula, and the adrenomedullary system [52-54]. Pain-related
fear also recruits distinguishable networks, compared to non-pain related fears [55]. Previ-
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ous neuroimaging analyses of this project established the involvement of cortico-limbic
connectivity in the effect of EXP on pain intensity [22]. In particular, larger decreases in
resting-state connectivity between the hippocampus and the posterior medial cortex were
associated with larger pain relief and mediated the relationship between catastrophizing
and pain. Furthermore, EXP had a positive impact on the medial prefrontal cortex and
the right posterior insula, which play a fundamental role in the pain experience [56,57].
The description of pain as an unpleasant sensory and emotional experience [58] and the
classification of chronic primary pain [59], highlight the neural and conceptual link be-
tween pain and emotion [60]. Pain is inextricably linked with biological, psychological,
and socio-cultural factors. Fear, as a strong emotion, can influence pain experiences and
reductions in fear can consequentially lead to pain reduction.

Scrutinizing daily assessments showed that each patient responded differently. How-
ever, based on the chronology of treatment effects, four patterns could be identified. The
pattern of the first cluster—quick decrease in fear, pain follows—underscores our hypothesis.
The sliding window approach showed that the patients in this cluster benefited already in
the first two weeks concerning fear. This pattern is in accordance with the objective of EXP:
to target fear and not pain itself. It is also in line with anecdotal reports of clinicians that
many patients experience an early eye-opener, after which they manage to “flip the switch”.
This group also showed the largest improvement in disability. Their questionnaires results
support the daily diaries, which showcases that SCEDs are appropriate to capture indi-
vidual effects. Concerning the goal of EXP to lower fear, patients in cluster two—decrease
in fear, pain unaffected—still responded well. Clusters one and two demonstrate an effect
in the early phase, what may suggest that pain education and limited exposure sessions
already affect fear. Patients in cluster three—late effect in fear—needed more EXP sessions
before their fear levels distinctly decreased. Remarkable is that this cluster had the highest
initial disability and fear. This group may have needed more persuasion before they let
go of their avoidance and/or safety behaviours. The difference with cluster one could
lay in what they are afraid of. For instance, fear of what can happen during threatening
activities could be quickly reduced by EXP, while fear of not being able to handle the
pain could be more persistent. However, this remains speculative and would need to be
further investigated. Based on the diaries, patients of cluster four—no clear effect—did not
respond positively. However, questionnaire scores still improved remarkably. Various
explanations of why they did not respond as strongly as the others could be considered.
First, it cannot be ruled out that their treatment period was too short or delayed treatment
effects were not captured within the follow-up period. Delayed effects on pain-related
fear have also been seen in youth with chronic pain [61]. Contradictory, short-term EXP
might have better results than long-term [17]. Second, while a variety of activities were
performed during treatment, only fear of three activities were daily questioned. These may
not have been representative enough, given that the complete PHODA showed positive
results. Third, it is noticeable that the baseline average pain was higher, while they did not
score higher on fear. It may be that patients with higher initial pain benefited less from
EXP than patients with higher fear. The presence of pain may not always be a reason to
rise fear and to avoid activities. Morley et al. (2005) showed that fear is more common
when the meaning attached to pain is negative and the individual considers their future
self to be conditional on the presence of pain. These patients may have been more stubborn
in their maladaptive thoughts and behaviour, or were unable to reflect their cognitions
due to underlying psychiatric comorbidities. Therefore, it could be possible that for this
heterogenic group EXP is not sufficient and these patients require a more extensive or
different treatment approach [62,63].

No moderating factors were revealed, except for gender. Men's fear levels benefited
more from EXP than women’s. Noteworthy, they had higher baseline fear. This is in
contrast with the fact that women are more likely to have higher fear levels [64], but it
could be ascribed to the small sample size. Patients with higher fear levels were assumed
to benefit more from EXP, but no moderator could not demonstrate that. However, it is
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worth mentioning that all patients already had elevated levels as they were referred to EXP
based on the presence of pain-related fear and worries. In addition, no differences between
patients with CRPS-I and cLBP were found. This suggests that they did not respond
differently to EXP, and conclusions could be applicable for both populations. It has been
stated that both populations have similar levels of fear, pain, and disability [12]. Previous
research found fast improvement of fear by EXP in patients with cLBP emphasizing insight
learning [65], but more gradual progression by trial-and-error learning in patients with
CRPS-1[18]. However, our study did not reveal differences in response to EXP based on
population.

It is noteworthy that the Body Mass Index of these patients was rather high. Obesity
can interact with disability, whether as cause or result [66]. This could have an impact on
treatment effects. The fact that exercise programs are able to reduce pain in patients with
cLBP and overweight [67] raises the question whether increased activity could explain at
least part of the effects. Furthermore, this factor may explain why some patients do not
benefit from EXP alone, as obesity requires specific treatment as well [68].

Strengths and Limitations

One of the strengths of this SCED study is the high number of examined cases. Twenty
patients filled out daily diaries with a total of 1136 observations, while previous research
established that most SCED studies have an average of three to four cases [69]. Daily
diaries were not only interpreted by visual graphs, but also by individual analyses, MCID
calculations and multilevel modelling. However, this study also has some limitations. First,
the baseline period was mostly short and unstable and not fully randomized (rather the
practical context resulted in pseudo-randomization). Second, this study did not include
long-term data. Therefore, we cannot evaluate long-term effects. Third, although at least
20 observations per case were collected to prevent biased intervention effects [43], diary
completion was rather low. Fourth, interpretation of the MCID should be approached
with caution. The cut-off value was determined by three successive measurements, but
because of enormous fluctuations later increases are possible. Fifth and last, although
the internal validity of SCED studies is strong [43], conclusions should be generalized to
the total population with cautiousness. Future research should synthesize information
obtained from multiple SCED studies and multiple variables to increase the external validity,
especially for identifying treatment moderators.

5. Conclusions

The overall findings of this SCED study indicate that EXP reduced pain-related fear
as well as pain intensity in patients with cLBP and CRPS-I. However, not all patients
responded similarly and different patterns of treatment responses were identified. On an
individual level, a reduction in fear was seen in most cases, prior to or in absence of a
reduction in pain. For most patients, fear reduced already in the early stage of EXP, and it
seemed that fear reductions are necessary to achieve pain relief. The idea that reductions
in fear might be necessary to lower pain should encourage clinicians to target fear during
rehabilitation. Future research should examine long term effects and should further unravel
the benefits of patient clustering for screening and treatment approaches.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm11051360/s1, Table S1: Multilevel modelling results of the
pre-post EXP comparison; Table S2: Individual regression results per week for pain-related fear;
Table S3: Individual regression results per week for pain intensity; Table S4A-C: results of non-daily
questionnaires; Table S5: Moderating factors in multilevel pre-post model.

Author Contributions: Conceptualization, I.T., M.d.H., JR.D.J., A.LK. and ].B.; methodology, I.T.,
M.d.H., J.R.D.J. and A.LK,; software, J.B. and M.d.H.; validation, .T., M.d.H., JR.D.J., ALK. and ].B.;
formal analysis, J.B.; investigation, I.T.; resources, L.T., A.L.K. and J.R.D.J.; data curation, M.d.H., L.T.
and J.B.; writing—original draft preparation, J.B.; writing—review and editing I.T., M.d.H., A LK.

159



J. Clin. Med. 2022, 11, 1360

and J.R.D.J.; visualization, J.B.; supervision, I.T., M.d.H., A.L.K. and J.R.D.]J.; project administration,
LT, ALK. and ]J.R.D.J,; funding acquisition, L.T., A.L.K. and ].R.D.J. All authors have read and agreed
to the published version of the manuscript.

Funding: This work was financially supported by the Health Foundation Limburg (Stichting Sint
Annadal, Maastricht, to J.R.D.J., A.L.K.), Board of Directors of Maastricht University Medical Center
(MUMCH+, to J.R.DJ., A.LK,, LT.), and Esperance Foundation (Stichting Esperance, to ].R.D.].). Jente
Bontinck was funded by the Special Research Fund of Ghent University (BOF01962334).

Institutional Review Board Statement: The study was approved by the Medical Ethical Committee
of Maastricht University.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated for this study are available on reasonable
request to the responding author.

Acknowledgments: We would like to thank all participants for their time and effort. We also
thank the staff of the department of Rehabilitation Medicine at MUMC+/Adelante Rehabilitation
Centre and Patrick Onghena and Wim Van De Noortgate for their helpful advice concerning the
MULTISCED app. Our beloved colleague, Amanda Kaas, passed away in September 2021. Her
contributions to the project prior to her passing were significant and of incredible value.

Conflicts of Interest: The authors declare no conflict of interest. The funding sources had no role in
the study design, collection, analysis, or interpretation of the data. One of the co-authors, Jeroen R.
de Jong, currently works at Intergrin as a psychologist. Intergrin Academy for Specialized Healthcare
is one of the affiliations that de Jong had when important parts of the work (i.e., the analyses,
interpretation and writing) were carried out.

References

1. Miller, R M.; Kaiser, R.S. Psychological Characteristics of Chronic Pain: A Review of Current Evidence and Assessment Tools to
Enhance Treatment. Curr. Pain Headache Rep. 2018, 22, 22. [CrossRef] [PubMed]

2. Vlaeyen, ].W.S,; Linton, S.J. Fear-avoidance and its consequences in chronic musculoskeletal pain: A state of the art. Pain 2000, 85,
317-332. [CrossRef]

3.  Crombez, G.; Eccleston, C.; Van Damme, S.; Vlaeyen, ].W.; Karoly, P. Fear-avoidance model of chronic pain: The next generation.
Clin. ]. Pain 2012, 28, 475-483. [CrossRef] [PubMed]

4. Zale E.L,; Lange, K.L; Fields, S.A.; Ditre, ].W. The relation between pain-related fear and disability: A meta-analysis. ]. Pain 2013,
14, 1019-1030. [CrossRef]

5. Martinez-Calderon, J.; Flores-Cortes, M.; Morales-Asencio, ].M.; Luque-Suarez, A. Pain-Related Fear, Pain Intensity and Function
in Individuals With Chronic Musculoskeletal Pain: A Systematic Review and Meta-Analysis. J. Pain 2019, 20, 1394-1415.
[CrossRef]

6. Luque-Suarez, A.; Martinez-Calderon, ]J.; Falla, D. Role of kinesiophobia on pain, disability and quality of life in people suffering
from chronic musculoskeletal pain: A systematic review. Br. J. Sports Med. 2019, 53, 554-559. [CrossRef]

7. Crombez, G.; Vlaeyen, ] W.; Heuts, PH.; Lysens, R. Pain-related fear is more disabling than pain itself: Evidence on the role of
pain-related fear in chronic back pain disability. Pain 1999, 80, 329-339. [CrossRef]

8. Wertli, M.M.; Rasmussen-Barr, E.; Weiser, S.; Bachmann, L.M.; Brunner, F. The role of fear avoidance beliefs as a prognostic factor
for outcome in patients with nonspecific low back pain: A systematic review. Spine J. 2014, 14, 816-836. [CrossRef]

9. Marshall, PW.M.; Schabrun, S.; Knox, M.E. Physical activity and the mediating effect of fear, depression, anxiety, and catastrophiz-
ing on pain related disability in people with chronic low back pain. PLoS ONE 2017, 12, e0180788. [CrossRef]

10. Bean, D.J.; Johnson, M.H.; Heiss-Dunlop, W.; Lee, A.C.; Kydd, R.R. Do psychological factors influence recovery from complex
regional pain syndrome type 1? A prospective study. Pain 2015, 156, 2310-2318. [CrossRef]

11. De Jong, J.R; Vlaeyen, ].W.; de Gelder, ].M.; Patijn, J. Pain-related fear, perceived harmfulness of activities, and functional
limitations in complex regional pain syndrome type I. J. Pain 2011, 12, 1209-1218. [CrossRef] [PubMed]

12.  Bean, D.J.; Johnson, M.H.; Kydd, R.R. Relationships between psychological factors, pain, and disability in complex regional pain
syndrome and low back pain. Clin. ]. Pain 2014, 30, 647—653. [CrossRef] [PubMed]

13.  Vlaeyen, ].W.; Morley, S.; Linton, S.J.; Boersma, K.; de Jong, J. Pain-Related Fear: Exposure-Based Treatment of Chronic Pain; IASP
Press: Malaga, Spain, 2012.

14. Vlaeyen, ] W.S.; Crombez, G. Behavioral Conceptualization and Treatment of Chronic Pain. Annu. Rev. Clin. Psychol. 2020, 16,
187-212. [CrossRef] [PubMed]

15.  Woods, M.P,; Asmundson, G.J.G. Evaluating the efficacy of graded in vivo exposure for the treatment of fear in patients with

chronic back pain: A randomized controlled clinical trial. Pain 2008, 136, 271-280. [CrossRef] [PubMed]

160



J. Clin. Med. 2022, 11, 1360

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Leeuw, M.; Goossens, M.; van Breukelen, G.J.P; de Jong, ].R.; Heuts, P.; Smeets, R.; Koke, A.J.A.; Vlaeyen, ] W.S. Exposure in vivo
versus operant graded activity in chronic low back pain patients: Results of a randomized controlled trial. Pain 2008, 138, 192-207.
[CrossRef]

Glombiewski, J.A.; Holzapfel, S.; Riecke, J.; Vlaeyen, ].W.S.; de Jong, J.; Lemmer, G.; Rief, W. Exposure and CBT for chronic back
pain: An RCT on differential efficacy and optimal length of treatment. J. Consult. Clin. Psychol. 2018, 86, 533-545. [CrossRef]

De Jong, ].R.; Vlaeyen, ].W.S.; Onghena, P.; Cuypers, C.; den Hollander, M.; Ruijgrok, J. Reduction of pain-related fear in complex
regional pain syndrome type I: The application of graded exposure In Vivo. Pain 2005, 116, 264-275. [CrossRef]

Den Hollander, M.; Goossens, M.; de Jong, J.; Ruijgrok, J.; Oosterhof, J.; Onghena, P.; Smeets, R.; Vlaeyen, ].W.S. Expose or protect?
A randomized controlled trial of exposure in vivo vs pain-contingent treatment as usual in patients with complex regional pain
syndrome type 1. Pain 2016, 157, 2318-2329. [CrossRef]

De Jong, J.R.; Vlaeyen, ] W.S.; van Eijsden, M.; Loo, C.; Onghena, P. Reduction of pain-related fear and increased function and
participation in work-related upper extremity pain (WRUEP): Effects of exposure In Vivo. Pain 2012, 153, 2109-2118. [CrossRef]
Dekker, C.; Goossens, M.; Winkens, B.; Remerie, S.; Bastiaenen, C.; Verbunt, J. Functional Disability in Adolescents with Chronic
Pain: Comparing an Interdisciplinary Exposure Program to Usual Care. Children 2020, 7, 288. [CrossRef]

Timmers, I.; van de Ven, V.; Vlaeyen, ] W.S.; Smeets, R.J.; Verbunt, J.A.; de Jong, ].R.; Kaas, A.L. Cortico-Limbic Circuitry in
Chronic Pain Tracks Pain Intensity Relief Following Exposure In Vivo. Biol. Psychiatry Glob. Open Sci. 2021, 1, 28-36. [CrossRef]
Labrenz, E; Icenhour, A.; Schlamann, M.; Forsting, M.; Bingel, U.; Elsenbruch, S. From Pavlov to pain: How predictability affects
the anticipation and processing of visceral pain in a fear conditioning paradigm. Neurolmage 2016, 130, 104-114. [CrossRef]
[PubMed]

Gheldof, E.L.; Crombez, G.; Van den Bussche, E.; Vinck, J.; Van Nieuwenhuyse, A.; Moens, G.; Mairiaux, P.; Vlaeyen, J.W.
Pain-related fear predicts disability, but not pain severity: A path analytic approach of the fear-avoidance model. Eur. |. Pain 2010,
14, e871-€879. [CrossRef]

Onghena, P.; Edgington, E.S. Customization of pain treatments: Single-case design and analysis. Clin. . Pain 2005, 21, 56-68.
[CrossRef] [PubMed]

Timmers, I.; de Jong, ].R.; Goossens, M.; Verbunt, J.A.; Smeets, R.J.; Kaas, A.L. Exposure in vivo Induced Changes in Neural
Circuitry for Pain-Related Fear: A Longitudinal fMRI Study in Chronic Low Back Pain. Front. Neurosci. 2019, 13, 970. [CrossRef]
[PubMed]

Harden, N.R.; Bruehl, S.; Perez, R.5.G.M.; Birklein, F.; Marinus, J.; Maihofner, C.; Lubenow, T.; Buvanendran, A.; Mackey, S.;
Graciosa, J.; et al. Validation of proposed diagnostic criteria (the “Budapest Criteria”) for Complex Regional Pain Syndrome. Pain
2010, 150, 268-274. [CrossRef]

Derogatis, L.R.; Unger, R. Symptom checklist-90-revised. Corsini Encycl. Psychol. 2010, 1-2. [CrossRef]

Vlaeyen, ].W.S.; den Hollander, M.; de Jong, J.; Simons, L. Exposure In Vivo for pain-related fear. In Psychological Approaches to
Pain Management, 3rd ed.; Turk, D., Gatchel, R., Eds.; Guilford Press: New York, NY, USA, 2018.

Trost, Z.; France, C.R.; Thomas, J.S. Examination of the photograph series of daily activities (PHODA) scale in chronic low back
pain patients with high and low kinesiophobia. Pain 2009, 141, 276-282. [CrossRef]

Hollander, M.D.; de Jong, J.; Onghena, P.; Vlaeyen, ]. W.S. Generalization of exposure in vivo in Complex Regional Pain Syndrome
type I. Behav. Res. 2020, 124, 103511. [CrossRef]

Tait, R.C.; Pollard, C.A.; Margolis, R.B.; Duckro, PN.; Krause, S.]. The Pain Disability Index: Psychometric and validity data. Arch.
Phys. Med. Rehabil. 1987, 68, 438—441.

Leeuw, M.; Goossens, M.E.; van Breukelen, G.J.; Boersma, K.; Vlaeyen, ]. W. Measuring perceived harmfulness of physical
activities in patients with chronic low back pain: The Photograph Series of Daily Activities-short electronic version. J. Pain 2007,
8, 840-849. [CrossRef] [PubMed]

Dubbers, A.T.; Vikstrom, M.H.; Jong, ].D. The Photograph Series of Daily Activities (PHODA-UE): Cervical Spine and Shoulder,
CD-Rom Version 1.2; Zuyd University, Institute for Rehabilitation Research (iRv), Maastricht University: Heerlen/Maastricht, The
Netherlands, 2003.

Jelinek, S.; Germes, D.; Leyckes, N.; de Jong, J.R. The Photograph Series of Daily Activities (PHODA-LE): Lower Extremities, CD-
Rom Version 1.2; Zuyd University, Institute for Rehabilitation Research (iRv), Maastricht University: Heerlen/Maastricht, The
Netherlands, 2003.

Miller, R.; Kori, S.; Todd, D. The tampa scale for kinisophobia. Clin. J. Pain 1991, 7, 51. [CrossRef]

Van Damme, S.; Crombez, G.; Bijttebier, P.; Goubert, L.; Van Houdenhove, B. A confirmatory factor analysis of the Pain
Catastrophizing Scale: Invariant factor structure across clinical and non-clinical populations. Pain 2002, 96, 319-324. [CrossRef]
Snaith, R.P. The Hospital Anxiety And Depression Scale. Health Qual. Life Outcomes 2003, 1, 29. [CrossRef]

Melzack, R. The short-form McGill Pain Questionnaire. Pain 1987, 30, 191-197. [CrossRef]

Smith, B.W.; Dalen, J.; Wiggins, K.; Tooley, E.; Christopher, P.; Bernard, J. The brief resilience scale: Assessing the ability to bounce
back. Int. ]. Behav. Med. 2008, 15, 194-200. [CrossRef]

Hjermstad, M.].; Fayers, PM.; Haugen, D.E; Caraceni, A.; Hanks, G.W,; Loge, ] H.; Fainsinger, R.; Aass, N.; Kaasa, S. Studies
comparing Numerical Rating Scales, Verbal Rating Scales, and Visual Analogue Scales for assessment of pain intensity in adults:
A systematic literature review. J. Pain Symptom. Manag. 2011, 41, 1073-1093. [CrossRef]

161



J. Clin. Med. 2022, 11, 1360

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Declercq, L.; Cools, W.; Beretvas, S.N.; Moeyaert, M.; Ferron, ].M.; Van den Noortgate, W. MultiSCED: A tool for (meta-)analyzing
single-case experimental data with multilevel modeling. Behav. Res. Methods 2020, 52, 177-192. [CrossRef]

Moeyaert, M.; Manolov, R.; Rodabaugh, E. Meta-Analysis of Single-Case Research via Multilevel Models: Fundamental Concepts
and Methodological Considerations. Behav. Modif. 2020, 44, 265-295. [CrossRef]

De, TK.; Michiels, B.; Tanious, R.; Onghena, P. Handling missing data in randomization tests for single-case experiments: A
simulation study. Behav. Res. Methods 2020, 52, 1355-1370. [CrossRef]

Edgington, E.; Onghena, P. Randomization Tests; CRC Press: Boca Raton, FL, USA, 2007.

Rowbotham, M.C. What is a “clinically meaningful” reduction in pain? Pain 2001, 94, 131-132. [CrossRef]

Farrar, J.T.; Young, J.P,, Jr.; LaMoreaux, L.; Werth, J.L.; Poole, R.M. Clinical importance of changes in chronic pain intensity
measured on an 11-point numerical pain rating scale. Pain 2001, 94, 149-158. [CrossRef]

Vlaeyen, ].W.; de Jong, J.; Geilen, M.; Heuts, PH.; van Breukelen, G. Graded exposure in vivo in the treatment of pain-related fear:
A replicated single-case experimental design in four patients with chronic low back pain. Behav. Res. 2001, 39, 151-166. [CrossRef]
Volders, S.; Boddez, Y.; De Peuter, S.; Meulders, A.; Vlaeyen, ].W.S. Avoidance behavior in chronic pain research: A cold case
revisited. Behav. Res. 2015, 64, 31-37. [CrossRef] [PubMed]

Hayes, D.]J.; Northoff, G. Common brain activations for painful and non-painful aversive stimuli. BMC Neurosci. 2012, 13, 60.
[CrossRef]

Vogt, B.A. Pain and emotion interactions in subregions of the cingulate gyrus. Nat. Rev. Neurosci. 2005, 6, 533-544. [CrossRef]
Elman, I.; Borsook, D. Threat Response System: Parallel Brain Processes in Pain vis-a-vis Fear and Anxiety. Front. Psychiatry 2018,
9, 29. [CrossRef]

Ochsner, K.N.; Ludlow, D.H.; Knierim, K.; Hanelin, J.; Ramachandran, T.; Glover, G.C.; Mackey, S.C. Neural correlates of
individual differences in pain-related fear and anxiety. Pain 2006, 120, 69-77. [CrossRef]

Sambuco, N.; Costa, V.D.; Lang, PJ.; Bradley, M.M. Assessing the role of the amygdala in fear of pain: Neural activation under
threat of shock. J. Affect. Disord. 2020, 276, 1142-1148. [CrossRef]

Biggs, E.E.; Timmers, I.; Meulders, A.; Vlaeyen, ].W.S.; Goebel, R.; Kaas, A.L. The neural correlates of pain-related fear: A
meta-analysis comparing fear conditioning studies using painful and non-painful stimuli. Neurosci. Biobehav. Rev. 2020, 119,
52-65. [CrossRef]

Uddin, L.Q.; Nomi, ].S.; Hébert-Seropian, B.; Ghaziri, J.; Boucher, O. Structure and Function of the Human Insula. J. Clin.
Neurophysiol. 2017, 34, 300-306. [CrossRef] [PubMed]

Ong, W.-Y,; Stohler, C.S.; Herr, D.R. Role of the Prefrontal Cortex in Pain Processing. Mol. Neurobiol. 2019, 56, 1137-1166.
[CrossRef] [PubMed]

Merskey, H.; Bogduk, N. Part III pain terms, a current list with definitions and notes on usage. In Classification of Chronic Pain, 2nd
ed.; IASP Press: Seattle, DC, USA, 1994; pp. 207-214.

Nicholas, M.; Vlaeyen, J.W.S,; Rief, W.; Barke, A.; Aziz, Q.; Benoliel, R.; Cohen, M,; Evers, S.; Giamberardino, M.A.; Goebel, A;
et al. The IASP classification of chronic pain for ICD-11: Chronic primary pain. Pain 2019, 160, 28-37. [CrossRef] [PubMed]
Gilam, G.; Gross, J.J.; Wager, T.D.; Keefe, EJ.; Mackey, S.C. What Is the Relationship between Pain and Emotion? Bridging
Constructs and Communities. Neuron 2020, 107, 17-21. [CrossRef]

Simons, L.E.; Vlaeyen, ].W.S.; Declercq, L.; Smith, A.M.; Beebe, J.; Hogan, M.; Li, E.; Kronman, C.A.; Mahmud, F.; Corey, ].R.; et al.
Avoid or engage? Outcomes of graded exposure in youth with chronic pain using a sequential replicated single-case randomized
design. Pain 2020, 161, 520-531. [CrossRef] [PubMed]

Wood, L.; Hendrick, P.A. A systematic review and meta-analysis of pain neuroscience education for chronic low back pain:
Short-and long-term outcomes of pain and disability. Eur. J. Pain 2019, 23, 234-249. [CrossRef]

Watson, J.A.; Ryan, C.G.; Cooper, L.; Ellington, D.; Whittle, R.; Lavender, M.; Dixon, J.; Atkinson, G.; Cooper, K.; Martin, D.J. Pain
Neuroscience Education for Adults with Chronic Musculoskeletal Pain: A Mixed-Methods Systematic Review and Meta-Analysis.
J. Pain 2019, 20, 1140.e1-1140.€22. [CrossRef]

Marques, A.A.; Bevilaqua, M.C.d.N.; da Fonseca, A.M.P;; Nardi, A.E.; Thuret, S.; Dias, G.P. Gender Differences in the Neurobiology
of Anxiety: Focus on Adult Hippocampal Neurogenesis. Neural Plast. 2016, 2016, 5026713. [CrossRef]

Vlaeyen, ].W.S.; de Jong, J.; Geilen, M.; Heuts, PH.T.G.; van Breukelen, G. The Treatment of Fear of Movement/(Re)injury in
Chronic Low Back Pain: Further Evidence on the Effectiveness of Exposure In Vivo. Clin. |. Pain 2002, 18, 251-261. [CrossRef]
Ells, L.J.; Lang, R.; Shield, J.P.; Wilkinson, J.R.; Lidstone, J.S.; Coulton, S.; Summerbell, C.D. Obesity and disability-a short review.
Obes. Rev. 2006, 7, 341-345. [CrossRef]

Wasser, J.G.; Vasilopoulos, T.; Zdziarski, L.A.; Vincent, H.K. Exercise Benefits for Chronic Low Back Pain in Overweight and
Obese Individuals. PM R 2017, 9, 181-192. [CrossRef] [PubMed]

Narouze, S.; Souzdalnitski, D. Obesity and chronic pain: Systematic review of prevalence and implications for pain practice. Reg.
Anesth. Pain Med. 2015, 40, 91-111. [CrossRef] [PubMed]

Shadish, W.R.; Sullivan, K.J. Characteristics of single-case designs used to assess intervention effects in 2008. Behav. Res. Methods
2011, 43, 971-980. [CrossRef] [PubMed]

162



Journal of

%

Clinical Medicine

Article

Association between Dietary Protein Intake, Regular Exercise,
and Low Back Pain among Middle-Aged and Older Korean

Adults without Osteoarthritis of the Lumbar Spine

Hye-Mi Noh 1@, Yi Hwa Choi 2*(, Soo Kyung Lee 2, Hong Ji Song (¥, Yong Soon Park 3, Namhyun Kim 2

and Jeonghoon Cho 2

Citation: Noh, H.-M.; Choi, Y.H.; Lee,
S.K; Song, H].; Park, Y.S.; Kim, N.;
Cho, J. Association between Dietary
Protein Intake, Regular Exercise, and
Low Back Pain among Middle-Aged
and Older Korean Adults without
Osteoarthritis of the Lumbar Spine. J.
Clin. Med. 2022, 11, 1220. https://
doi.org/10.3390/jcm11051220

Academic Editors: Jo Nijs
and Felipe ] J Reis

Received: 22 December 2021
Accepted: 22 February 2022
Published: 24 February 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Family Medicine, Hallym University Sacred Heart Hospital, College of Medicine,

Hallym University, Anyang 14068, Korea; hyeminoh@hallym.or.kr (H.-M.N.); hongji@hallym.or.kr (H.].S.)
Department of Anesthesiology and Pain Medicine, Hallym University Sacred Heart Hospital,

College of Medicine, Hallym University, Anyang 14068, Korea; agneta@hallym.or.kr (S.K.L.);
alisia94@hallym.or.kr (N.K.); chojh137@hallym.or.kr (J.C.)

Department of Family Medicine, Chuncheon Sacred Heart Hospital, College of Medicine, Hallym University,
Chuncheon 24253, Korea; pyongs@hallym.or.kr

*  Correspondence: pcyhchoi@hallym.or.kr; Tel.: +82-31-380-3943

Abstract: This study aimed to evaluate the effect of dietary protein intake and regular exercise on low
back pain (LBP) using data from the Korea National Health and Nutrition Examination Survey. A total
of 2367 middle-aged and older adults (>50 years) who underwent dual-energy X-ray absorptiometry
and plain radiography of the lumbar spine were included. LBP was defined using a questionnaire to
determine the presence of LBP lasting more than 30 days in the preceding three months. Twenty-four-
hour dietary recall data were used to estimate protein intake, and regular exercise was assessed using
the International Physical Activity Questionnaire. Multivariable logistic regression analysis revealed
that men who did not perform regular exercise had a high probability of LBP (odds ratio [OR] 2.34;
95% confidence interval [CI] 1.24—4.44). Low protein intake (<0.8 g/kg/day) was associated with
high odds for LBP in women (OR 1.83; 95% CI 1.12-2.99). Low protein intake and lack of regular
exercise were also associated with a higher probability of LBP in women (OR 2.91; 95% CI 1.48-5.72).
We recommend that women over 50 years of age consume the recommended daily amount of protein
to prevent LBP and engage in regular exercise.

Keywords: exercise; low back pain; older adults; protein intake; physical activity; KNHANES

1. Introduction

Low back pain (LBP) is a common condition with a reported prevalence of 1.0% to
58.1% [1]. The medical costs attributable to LBP are estimated to be USD 26 billion, and the
additional cost of productivity lost because of LBP is estimated to be USD 23.5 billion [2].
Chronic pain in older adults, which is commonly associated with musculoskeletal disorders,
results in adverse health outcomes, including disability, falls, depression, insomnia, and
social isolation [3].

LBP is also associated with a sedentary lifestyle. A recent systematic review and meta-
analysis reported that strengthening by stretching or aerobic exercises helped to prevent
LBP in both the general and working populations [4]. Exercise therapy was found to be
effective in reducing pain and improving functionality in patients with non-specific LBP in
the absence of specific pathology [5,6]. However, older patients encounter difficulty when
trying to incorporate exercise into their daily lives in the real world due to frailty and poor
performance caused by low muscle strength, comorbidities, and progressive degenerative
changes in multiple joints.

Dietary protein intake can sustain muscle mass and physical function and prolong
independent living in the older population [7,8]. Intake of sufficient dietary protein enables
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preservation or an increase in muscle mass resulting from a positive balance between
synthesis and breakdown of muscle protein in older adults [9,10]. Many patients with LBP
and their caregivers have questions concerning nutritional requirements and supplements
in clinical practice. However, considering the level of interest among affected individuals,
few studies have focused on daily dietary intake in patients with chronic LBP [11,12]. To
date, the association between dietary protein intake and regular exercise in older patients
with chronic LBP has been unclear.

Lifestyle factors, such as physical activity and nutrition, may be associated with
LBP in the aging population. However, there is limited relevant literature in the Asian
context. This study aimed to evaluate the association between dietary protein intake,
regular exercise, and LBP in the absence of osteoarthritis of the lumbar spine, using a
nationally representative sample of middle-aged and older Korean adults.

2. Materials and Methods
2.1. Study Population

Data from the Fifth Korea National Health and Nutrition Examination Survey (KN-
HANES V-1 and V-2) collected in 2010-2011 by the Korea Centers for Disease Control and
Prevention (KCDC) were analyzed in this study. The KNHANES is a nationwide cross-
sectional survey that has been conducted since 1998 by the KCDC. The KCDC selected
21,527 individuals using a complex, stratified, multistage probability sampling design. A
total of 17,476 study participants completed the survey, giving a response rate of 81.2%. The
present study included 3988 participants (aged >50 years) who underwent dual-energy
X-ray absorptiometry (DEXA) and plain radiography of the lumbar spine. We excluded
subjects who had a specific pathology causing LBP, namely those with radiographic evi-
dence of osteoarthritis (OA) on a lumbar radiograph (n = 1327) and those with a history of
vertebral fracture (n = 15). Participants with no response to questionnaire items on LBP
(n = 34) or missing data for dietary protein intake (n = 244) or body weight (n = 1) were
also excluded. Finally, data for 2367 subjects were included in the study. The 2010 and
2011 KNHANES were approved by the Institutional Review Board of the Korea Centers for
Disease Control and Prevention (2010-02CON-21-C and 2011-02CON-06-C, respectively).
Written informed consent was obtained from all study participants.

2.2. Data Collection and Measurements

Face-to-face interviews and standardized health examinations were conducted. The
questionnaire included age, sex, educational attainment, occupation, household income,
disease status, and lifestyle risk factors. Smoking status was classified into three categories:
current smoker (more than five packs of cigarettes during lifetime and currently smokes
every day), ex-smoker (smoked a month ago but has now quit), and never-smoker. Alcohol
consumption was defined as consuming alcohol at least once every month over the past year.
Physical activity was evaluated using the International Physical Activity Questionnaire [13].
We defined regular exercise as follows: aerobic exercise/weight training/stretching exercise
on at least two days in a week or walking as a physical activity for at least 30 min on
five days in a week. Aerobic exercise included swimming, doubles tennis, volleyball,
badminton, table tennis, and occupational or sports activities, such as carrying objects,
except for walking. Weight training consisted of push-ups, sit-ups, lifting dumbbells or
barbells, and pull-up bars. Stretching exercise included back stretching, relaxation exercises,
and calisthenics. Past medical history, including chronic diseases and vertebral fractures,
was assessed using a self-report questionnaire. Chronic diseases included hypertension,
diabetes mellitus, liver cirrhosis, chronic kidney disease, cancer, theumatoid arthritis, and
major depressive disorder.

2.3. Low Back Pain

We defined study participants as having LBP if they answered “yes” to the question
“Have you suffered LBP for more than 30 days during the past three months?”
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2.4. Radiographic Examination and Body Composition Measurements

Plain radiographs (anteroposterior and lateral views) of the lumbar spine were ob-
tained using an SD 3000 Synchro Stand (Accele Ray SYFM Co., Seoul, Korea). Two mus-
culoskeletal radiologists independently evaluated the severity of OA in all facet joints
using the Kellgren-Lawrence grading system. The radiologic grade was classified using
the method devised by Yoshimura et al. [14]: 0, normal (no abnormalities including slight
osteophytes); 1, suspicious (clear osteophytes); and 2, abnormal (stenosis, osteosclerosis,
and large osteophytes). If there was a difference in the radiologists” grades, the higher
grade was selected. The inter-rater agreement was 92.8% [15]. Body composition and bone
mineral density were measured by DEXA (DISCOVERY-W, Hologic Inc., Marlborough,
MA, USA). Muscle mass was calculated as the difference between lean body mass and
bone mineral content, and appendicular skeletal muscle mass (ASM) was defined as the
sum of the values recorded for the upper and lower extremities bilaterally. The ASM index
was calculated as ASM/ (height [m])%. Low skeletal muscle mass was defined according
to the 2019 Asian Working Group for Sarcopenia consensus statement; the cut-off value
for diagnosis of low muscle mass as sarcopenia is <7.0 kg/m? in men and <5.4 kg/m? in
women [16]. According to the World Health Organization criteria, bone mineral density of
the lumbar spine is defined as normal (T-score > —1.0), osteopenia (—2.5 < T-score < —1.0),
or osteoporosis (T-score < —2.5) [17].

2.5. Assessment of Dietary Intake

The frequency of dietary intake and amount of each food item were evaluated using a
semi-quantitative food frequency questionnaire, with verified validity for 112 food items.
Dietary intake was assessed using a 24 h dietary recall to determine the average intake
frequency and average daily intake per serving during the preceding year. Trained dietitians
helped participants recall their dietary information, such as consumed food, amount, and
recipes. The total energy of the dietary intake and each nutrient was calculated using
the National Standard Food Composition Table developed by the Rural Development
Administration [18]. The daily intake of energy and nutrients for each individual was
calculated based on the sum of all the items consumed. Protein intake was classified
according to the recommended daily allowance (RDA) for dietary protein (0.8 g/kg/day)
as low (<0.8 g/kg/day) or good (>0.8 g/kg/day) [19].

2.6. Statistical Analysis

Complex sample analysis was performed for all the statistical analyses. Continuous
variables are presented as the mean =+ standard error and compared between groups using
the Student’s t-test. Categorical data are shown as the estimated percentage (standard error)
and compared using the chi-squared test. We performed multivariable logistic regression
analysis to estimate the associations between protein intake, regular exercise, and LBP. We
divided the subjects into four groups according to protein intake (low, <0.8 g/kg/day; good,
>0.8 g/kg/day) and regular exercise status (specified exercises or walking for physical
activity) as follows: low protein intake with exercise, good protein intake with exercise,
low protein intake without exercise, and good protein intake without exercise. The good
protein intake with exercise group was defined as the reference group; crude odds ratios
(ORs) for LBP were calculated for the other three groups. Age and sex were adjusted
in model 1. Body mass indeXx, factors associated with socioeconomic status (household
income, occupation, and education level), and lifestyle factors (smoking status and alcohol
consumption) were additionally included in model 2. Bone mineral density of the lumbar
spine (normal, osteopenia, and osteoporosis), Kellgren-Lawrence grading of the lumbar
spine (normal or grade 1), comorbidities, and total energy intake were added to the final
model (model 3). All statistical analyses were performed using SPSS software (version 20.0;
IBM Corp., Armonk, NY, USA). A p-value < 0.05 was considered statistically significant.
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3. Results

The study sample consisted of 1047 men and 1320 women. The mean age (standard
error) was 59.4 years (0.34) in men and 59.7 years (0.30) in women. Table 1 shows the
demographic and clinical characteristics of the study participants according to sex. Smoking
and alcohol consumption were significantly more common in men than in women (both
p < 0.001). Furthermore, 34.5% (2.0) of men and 15.3% (1.2) of women were engaged in
regular exercise; the difference was statistically significant (p < 0.001). However, there was
no significant difference in the frequency of walking for physical activity between men and
women (40.4% vs. 40.2%). Regarding body composition and bone mineral density measured
by DEXA, the ASM index was higher in men than in women, but there was no difference in
the prevalence of low skeletal muscle mass between the sexes. Osteopenia and osteoporosis
of the lumbar spine were more common in women than in men (p < 0.001). Daily protein
intake (g/kg/day) was lower in women than in men. Furthermore, low protein intake
and LBP were significantly more common in women than in men (41.6% vs. 24.1% and
29.7% vs. 12.6%, respectively, both p < 0.001).

Table 1. Characteristics of study participants by sex.

Men Women

Variable (n = 1047) (0 = 1320) p-Value
Age (years) 59.4 (0.34) 59.7 (0.30) 0.620
Body mass index (kg/mz) 23.9 (0.12) 24.3 (0.11) 0.031
Educational level <0.001
<Elementary school 28.9% (2.1) 53.3% (2.1)
Middle and high school 52.2% (2.1) 40.3% (1.9)
>College 18.9% (1.8) 6.3% (0.9)
Occupation <0.001
Office work 12.4% (1.2) 3.4% (0.5)
Sales and services 11.0% (1.3) 13.9% (1.2)
Agriculture, forestry, and fisheries 20.7% (2.5) 11.9% (1.7)
Machine fitting and simple labor 28.2% (1.9) 15.9% (1.2)
Unemployed 27.7% (1.5) 55.0% (1.9)
Household income 0.192
Low 26.6% (1.9) 24.1% (1.6)
Lower middle 26.7% (1.7) 24.4% (1.7)
Upper middle 24.9% (1.6) 28.5% (1.5)
High 21.8% (1.6) 23.0% (1.7)
Smoking status <0.001
Ex-smoker 50.4% (2.0) 2.8% (0.7)
Current smoker 35.7% (1.8) 3.6% (0.7)
Alcohol consumption 71.5% (1.8) 30.5% (1.6) <0.001
Muscle strengthening exercise ? 34.5% (2.0) 15.3% (1.2) <0.001
Walking for physical activity b 40.4% (1.8) 40.2% (1.7) 0.935
DEXA
Trunk lean mass (kg) 24.69 (0.15) 18.50 (0.09) <0.001
migfﬁ;;ft‘far skeletal muscle 7.48 (0.04) 5.86 (0.03) <0.001
Low skeletal muscle mass © 28.8% (2.1) 25.4% (1.8) 0.146
Lumbar spine BMD <0.001
Normal 59.0% (1.9%) 28.1% (1.7%)
Osteopenia 35.6% (1.8%) 45.9% (2.0%)
Osteoporosis 5.4% (0.8%) 26.0% (1.8%)
Protein intake (g/day) 81.0 (1.41) 55.8 (1.12) <0.001
Protein intake (g/kg/day) 1.22 (0.02) 0.98 (0.02) <0.001
Low protein intake < 0.8 g/kg/day 24.1% (1.6) 41.6% (1.7) <0.001
Total energy intake (kcal/day) 2320.1 (34.54) 1643.5 (28.74) <0.001
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Table 1. Cont.

Men Women

Variable (n = 1047) (0 = 1320) p-Value
Comorbidity 4 0.176
None 45.8% (2.3) 41.4% (1.9)
1-2 36.6% (2.0) 39.0% (1.5)
>3 17.6% (1.6) 19.7% (1.5)
Lumbar spine osteoarthritis 0.120
Normal 24.3% (1.9) 28.0% (1.8)
Grade 1 75.7% (1.9) 72.0% (1.8)
Low back pain 12.6% (1.6) 29.7% (1.9) <0.001

Values are presented as the mean =+ standard error or estimated percentage (standard error).  Muscle strengthen-
ing exercises (push-ups, sit-ups, and lifting dumbbells or weights) for at least two days a week; ® walking for
at least 30 min for five days a week; © low skeletal muscle mass (the 2019 Asian Working Group for Sarcopenia
consensus statement defines the cut-off values for a diagnosis of low muscle mass as sarcopenia is <7.0 kg/m? in
men and <5.4 kg/ m? in women by DEXA); d comorbidity (hypertension, diabetes mellitus, chronic kidney disease,
rheumatoid arthritis, cancer, liver cirrhosis, and depression). BMD, bone mineral density; DEXA, dual-energy
X-ray absorptiometry.

Table 2 shows the factors associated with LBP in men. Men with LBP were significantly
older (p = 0.006) and more likely to smoke (p = 0.018) and have a lower body mass index
(p < 0.001) and educational level (p = 0.002) than men without LBP. Men without LBP
tended to engage in exercise more often than men with LBP (p = 0.001). Men without LBP
also had a significantly higher ASM index (p = 0.003); however, there was no significant
difference in the frequency of low skeletal muscle mass between those with and without
LBP. Daily protein intake (g/kg/day) and the proportion with low protein intake were
similar between the groups. OA in the lumbar spine was significantly more common in
men with LBP than in those without LBP (p = 0.039).

Table 2. Factors associated with low back pain in men.

Low Back Pain

Variable Yes No p-Value
(n=127) (n = 920)
Age (years) 61.6 (0.90) 59.1 (0.33) 0.006
Body mass index (kg/m?) 23.0 (0.23) 24.0 (0.13) <0.001
Educational level 0.002
<Elementary school 45.3% (6.0) 26.5% (2.1)
Middle and high school 35.8% (5.7) 54.6% (2.0)
>College 18.9% (4.6) 18.9% (1.9)
Occupation 0.202
Office work 13.7% (4.0) 15.2% (1.6)
Sales and services 6.9% (3.5) 13.3% (1.9)
Agriculture, forestry, and fisheries 24.9% (6.1) 16.5% (2.5)
Machine fitting and simple labor 24.7% (5.3) 31.4% (2.5)
Unemployed 29.8% (4.9) 23.6% (1.8)
Household income 0.313
Low 30.5% (5.2) 26.0% (2.0)
Lower middle 29.9% (5.6) 26.3% (1.8)
Upper middle 16.8% (4.0) 26.0% (1.8)
High 22.8% (3.7) 21.7% (1.7)
Smoking status 0.018
Ex-smoker 57.9% (5.7) 49.3% (2.2)
Current smoker 38.2% (5.7) 35.4% (2.0)
Alcohol consumption 72.9% (4.5) 71.3% (2.0) 0.742
Muscle strengthening exercise # 19.3% (3.9) 36.7% (2.2) 0.001
Walking for physical activity P 42.0% (5.1) 40.2% (2.0) 0.743
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Table 2. Cont.

Low Back Pain

Variable Yes No p-Value
(n=127) (n = 920)
DEXA
Trunk lean mass (kg) 23.97 (0.32) 24.79 (0.16) 0.015
Appendicular skeletal muscle mass/ heigh’c2 7.26 (0.08) 7.51 (0.04) 0.003
Low skeletal muscle mass © 30.6% (5.1) 28.5% (2.1) 0.695
Lumbar spine BMD 0.078
Normal 48.4% (5.5) 60.5% (1.9)
Osteopenia 44.8% (5.5) 34.3% (1.8)
Osteoporosis 6.8% (2.5) 5.2% (0.8)
Protein intake (g/day) 75.2 (3.55) 81.8 (1.50) 0.083
Protein intake (g/kg/day) 1.17 (0.06) 1.23 (0.02) 0.382
Low protein intake < 0.8 g/kg/day 27.9% (3.6) 23.6% (1.7) 0.267
Total energy intake (kcal/day) 2126.5 (65.47) 2348.0 (37.55) 0.003
Comorbidity 4 0.717
None 48.8% (6.1) 45.3% (2.4)
1-2 32.8% (4.4) 37.2% (2.2)
>3 18.4% (4.2) 17.5% (1.6)
Lumbar spine osteoarthritis 0.039
Normal 15.2% (3.9) 25.6% (2.1)
Grade 1 84.8% (3.9) 74.4% (2.1)

Values are presented as the mean + standard error or as the estimated percentage (standard error). # Muscle
strengthening exercises (push-ups, sit-ups, and lifting dumbbells or weights) for at least two days a week;
b walking for at least 30 min for five days a week; ¢ low skeletal muscle mass (the 2019 Asian Working Group
for Sarcopenia consensus statement states the cut-off value for a diagnosis of low muscle mass as sarcopenia is
<7.0kg/m? in men by DEXA); ¢ comorbidity (hypertension, diabetes mellitus, chronic kidney disease, theumatoid
arthritis, cancer, liver cirrhosis, and depression). BMD, body mass index; DEXA, dual-energy X-ray absorptiometry.

Table 3 shows the factors associated with LBP in women. Women with LBP were
significantly older (p < 0.001) and had a significantly lower educational level (p < 0.001)
and lower household income (p = 0.024). Women with LBP were more likely to work in
agriculture, forestry, fisheries, machine fitting, or simple labor (p = 0.004). Women without
LBP tended to engage in exercise more often than women with LBP (p = 0.045). There was
no significant difference in the mean ASM index value or the proportion with low skeletal
muscle mass between those with and without LBP. Both daily protein intake (g/kg/day)
and the proportion with low protein intake were significantly lower in women with LBP
than in those without LBP (p = 0.011 and p = 0.008, respectively). Women with LBP had a
higher prevalence of multiple comorbidities (p = 0.014) and OA in the lumbar spine than
those without LBP (p < 0.001).

The results of multivariable logistic regression analysis of the association between
protein intake, regular exercise, and LBP are presented in Table 4. In the subgroup analysis
according to sex, the association between muscle strengthening exercise and LBP was
significant in men (OR 2.34; 95% CI 1.24-4.44) but not in women (OR 0.89; 95% CI 0.51-1.55).
Low protein intake (<0.8 g/kg/day) was associated with high odds for LBP only in women
(OR 1.83; 95% CI 1.12-2.99).

Table 5 shows the association between combined protein intake, regular exercise, and
LBP. After designating the participants having good protein intake in the exercise group
as the reference group, it was found that the risk of LBP was higher in participants with a
low protein intake and no exercise (OR 2.00; 95% CI 1.20-3.33) than in the reference group.
The risk of LBP in the low protein intake with exercise group and good protein intake
without exercise group was not significantly different from that in the reference group.
When subgroup analysis was performed according to sex, women with low protein intake
and no exercise had a higher risk of LBP (OR 2.91; 95% CI 1.48-5.72) than women in the
reference group. However, the association was not significant in men (OR 1.55; 95% C,
0.72-3.34).
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Table 3. Factors associated with low back pain in women.

Low Back Pain

Variable Yes No p-Value
(n = 380) (n = 940)
Age (years) 61.6 (0.63) 58.8 (0.32) <0.001
BMI (kg/m?) 24.5 (0.23) 24.2 (0.12) 0.222
Educational level <0.001
<Elementary school 67.2% (3.3) 47.5% (2.6)
Middle and high school 29.3% (3.0) 45.0% (2.4)
>College 3.5% (1.1) 7.5% (1.2)
Occupation 0.004
Office work 1.5% (0.6) 5.7% (0.9)
Sales and services 17.3% (2.4) 17.5% (1.8)
Agriculture, forestry, and fisheries 15.4% (2.8) 9.3% (2.5)
Machine fitting and simple labor 19.3% (2.9) 15.8% (1.6)
Unemployed 46.4% (3.5) 51.7% (2.5)
Household income 0.024
Low 29.9% (2.9) 21.6% (1.8)
Lower middle 23.7% (2.9) 24.7% (2.2)
Upper middle 29.1% (2.8) 28.3% (1.9)
High 17.2% (2.4) 25.4% (2.2)
Smoking status 0.802
Ex-smoker 2.5% (0.9) 2.9% (0.8)
Current smoker 4.1% (1.4) 3.4% (0.7)
Alcohol consumption 26.9% (3.0) 32.1% (1.9) 0.149
Muscle strengthening exercise @ 11.4% (1.9) 16.9% (1.6) 0.045
Walking for physical activity P 36.6% (3.1) 41.7% (2.2) 0.212
DEXA
Trunk lean mass (kg) 18.54 (0.16) 18.49 (0.10) 0.753
Appendicular skeletal muscle mass/ height2 5.92 (0.05) 6.32 (0.09) 0.107
Low skeletal muscle mass © 22.2% (2.4) 26.7% (2.1) 0.123
Lumbar spine BMD 0.097
Normal 24.9% (2.9) 29.5% (2.0)
Osteopenia 44.0% (3.5) 46.7% (2.3)
Osteoporosis 31.1% (2.0) 23.8% (2.2)
Protein intake (g/day) 51.9 (1.76) 53.9 (2.38) 0.015
Protein intake (g/kg/day) 0.91 (0.03) 0.93 (0.04) 0.011
Low protein intake < 0.8 g/kg/day 49.1% (3.5) 38.5% (1.8) 0.008
Total energy intake (kcal/day) 1605.6 (46.94) 1659.6 (30.82) 0.269
Comorbidity d 0.014
None 34.4% (2.4) 44.3% (2.3)
1-2 40.6% (2.9) 38.3% (2.0)
>3 25.0% (2.9) 17.4% (1.6)
Lumbar spine osteoarthritis <0.001
Normal 17.6% (2.6) 32.4% (2.3)
Grade 1 82.4% (2.6) 67.6% (2.3)

Values are presented as the mean =+ standard error or as the estimated percentage (standard error). ® Muscle
strengthening exercises (push-ups, sit-ups, and lifting dumbbells or weights) for at least two days a week;
b walking for at least 30 min for five days a week; ¢ low skeletal muscle mass (the 2019 Asian Working Group
for Sarcopenia consensus statement states the cut-off value for a diagnosis of low muscle mass as sarcopenia
is <5.4 kg/m? in women by DEXA); 9 comorbidity (hypertension, diabetes mellitus, chronic kidney disease,
rheumatoid arthritis, cancer, liver cirrhosis, and depression). BMD, body mass index; DEXA, dual-energy
X-ray absorptiometry.
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Table 4. Association between protein intake, regular exercise, and low back pain.

Crude Model 12 Model 2P Model 3
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Total study population
Protein intake < 0.8 g/kg/day 1.88 (1.42-2.49) 1.46 (1.09-1.95) 1.44 (1.05-1.96) 1.32¢ (0.90-1.92)
Protein intake > 0.8 g/kg/day 1 1 1 1
Muscle strengthening exercise (-) 2.38 (1.60-3.53) 1.69 (1.15-2.48) 1.48 (1.01-2.17) 1434 (0.95-2.16)
Muscle strengthening exercise (+) 1 1 1 1
Walking for physical activity (-) 1.13 (0.84-1.51) 1.16 (0.85-1.58) 1.16 (0.84-1.60) 1.18¢ (0.84-1.66)
Walking for physical activity (+) 1 1 1 1
Men
Protein intake < 0.8 g/kg/day 1.33 (0.87-2.01) 1.24 (0.80-1.90) 1.32 (0.82-2.11) 1.07¢ (0.59-1.96)
Protein intake > 0.8 g/kg/day 1 1 1 1
Muscle strengthening exercise (-) 2.57 (1.43-4.59) 245 (1.35-4.55) 2.29 (1.23-4.24) 2349 (1.24-4.44)
Muscle strengthening exercise (+) 1 1 1 1
Walking for physical activity (-) 0.92 (0.55-1.53) 0.95 (0.57-1.61) 0.93 (0.54-1.60) 0.76°¢ (0.42-1.39)
Walking for physical activity (+) 1 1 1 1
Women
Protein intake < 0.8 g/kg/day 1.68 (1.16-2.43) 1.59 (1.08-2.32) 1.57 (1.04-2.36) 1.83°¢ (1.12-2.99)
Protein intake > 0.8 g/kg/day 1 1 1 1
Muscle strengthening exercise (-) 1.24 (0.74-2.10) 1.16 (0.70-1.93) 0.95 (0.58-1.54) 0.89¢  (0.51-1.55)
Muscle strengthening exercise (+) 1 1 1 1
Walking for physical activity (-) 1.26 (0.87-1.85) 1.29 (0.89-1.88) 1.32 (0.89-1.95) 1.53 € (0.99-2.35)
Walking for physical activity (+) 1 1 1 1
@ Model 1: age, sex; b Model 2: age, sex, BMI, smoking, alcohol consumption, education, occupation, household
income; ¢ Model 3: age, sex, BMI, smoking, alcohol consumption, education, occupation, household income,
osteoporosis of the lumbar spine, severity of lumbar osteoarthritis, comorbidity, total energy intake, muscle
strengthening exercise, walking for physical activity; ¢ Model 3: age, sex, BMI, smoking, alcohol consumption,
education, occupation, household income, osteoporosis of the lumbar spine, severity of lumbar osteoarthritis,
comorbidity, protein intake, total energy intake, walking for physical activity; © Model 3: age, sex, BMI, smoking,
alcohol consumption, education, occupation, household income, osteoporosis of the lumbar spine, severity of
lumbar osteoarthritis, comorbidity, protein intake, total energy intake, muscle strengthening exercise. BMI, body
mass index; CI, confidence interval; OR, odds ratio.
Table 5. Association between combined protein intake, regular exercise, and low back pain.
Crude Model 1 Model 2 € Model 3 4
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Total study population
Low protein intake and exercise* (-)  2.62 (1.84-3.74) 1.86 (1.29-2.67) 199 (1.27-3.11) 2.00 (1.20-3.33)
Low protein intake and exercise (+) 1.35 (0.93-1.96) 1.01  (0.69-1.50) 1.11 (0.72-1.72) 097  (0.58-1.63)
Good protein intake and exercise (-) 1.38 (1.004-1.91) 126 (0.92-1.74) 1.19 (0.82-1.73) 1.17  (0.78-1.75)
Good protein intake and exercise (+) 1 1 1 1
Men
Low protein intake and exercise (-) 2.08 (1.23-3.50) 1.83 (1.06-3.15) 193 (1.04-3.59) 155 (0.72-3.34)
Low protein intake and exercise (+) 0.92 (0.43-1.96) 0.83 (0.38-1.82) 1.06 (0.44-254) 0.89 (0.35-2.26)
Good protein intake and exercise (-) 1.32 (0.77-2.26) 137 (0.80-2.34) 127 (0.66-2.46) 1.18 (0.63-2.24)
Good protein intake and exercise (+) 1 1 1 1
Women
Low protein intake and exercise (-) 2.08 (1.32-3.28) 1.87 (1.17-296) 2.06 (1.15-3.67) 291 (1.48-5.72)
Low protein intake and exercise (+) 1.23 (0.80-1.88) 1.09 (0.69-1.70) 1.24 (0.74-2.08) 136 (0.72-2.54)
Good protein intake and exercise (-) 1.24 (0.84-1.84) 1.21 (0.82-1.78) 1.16 (0.73-1.86) 1.21  (0.70-2.08)
Good protein intake and exercise (+) 1 1 1 1

2 Low protein intake, <0.8 g/kg/day; good protein intake, >0.8 g/kg/day; exercise, muscle-strengthening exercise
or walking for physical activity. b Model 1: age, sex; © Model 2: age, sex, BMI, smoking, alcohol consumption,
education, occupation, household income; d Model 3: age, sex, BMI, smoking, alcohol consumption, education,
occupation, household income, lumbar spine osteoporosis, the severity of lumbar OA, comorbidity, total energy
intake. BMI, body mass index; OR, odds ratio; 95% CI, 95% confidence interval; OA, osteoarthritis.
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4. Discussion

This study evaluated the relationship between daily dietary protein intake, regular
exercise, and LBP using nationally representative data from the KNHANES. Not performing
muscle-strengthening exercise was associated with a higher risk of LBP in men, and low
protein intake was associated with a higher risk of LBP in women.

Multiple factors can cause LBP, including structural changes in the lumbar spine and
lifestyle, psychological, and social factors. Aerobic exercise plays a crucial role in relieving
LBP by increasing blood flow and providing nutrients to the soft tissues in the lumbar
structures, thereby improving the healing process in the damaged tissues and reducing
stiffness [20]. In addition, physical activity, which can increase aerobic capacity and muscle
strength, especially of the lumbar extensor muscles, assists patients with LBP in undertaking
everyday activities [21]. Several studies have evaluated the effect of exercise in the aging
population with LBP. Liu et al. and Jou et al. found that Tai Chi and core stabilization
exercises reduced pain and protected neuromuscular function in the lower limbs in aging
individuals (aged 50 years old or older) with LBP [22,23]. Our present findings are in line
with the previous reports, i.e., regular exercise or walking is an important lifestyle factor
that can prevent LBP in middle-aged and older adults.

In clinical practice, many older adults are vulnerable to LBP because of their inability
to exercise enough to achieve the required clinical outcome. Age-related endocrine and
metabolic alterations lead to changes in body composition, including progressive loss of
muscle and bone mass and acquisition of fat mass [24]. Moreover, older adults have degen-
erative changes in the spine or multiple joints. The reduced walking speed is insufficient
to rebuild muscles that undergo atrophy because of frailty, malnutrition, and anabolic
resistance [25]. Protein intake has been shown to preserve muscle mass, prevent loss of
physical function and prolong independent living in older adults [7,26]. However, in the
real world, 7-41% of older adults are reported to have a daily protein intake lower than the
RDA [27]. Over half of Korean adults over 60 years of age have a dietary protein intake
that is lower than the RDA [28].

In our study, the probability of LBP was higher in women who had low protein
intake and did not exercise than in their counterparts who had a good protein intake and
exercised. Furthermore, 41.6% of women and 24.1% of men had a protein intake below
the RDA (<0.8 g/kg/day). The marked association between protein intake and LBP in
women may reflect their lower skeletal muscle mass relative to men. Although the impact
of protein intake on LBP remains unclear, there are several plausible mechanisms. First, a
prospective Women'’s Health Initiative study that analyzed the data of 24,417 women found
that a higher protein intake was associated with better preservation of muscle strength [29].
Low muscle strength is associated with an increased risk of LBP [30,31]. Second, protein
intake may play a significant role in alleviating pain via muscle recovery. It was reported
that the use of protein supplements reduces muscle damage and helps muscle recovery
by remodeling skeletal muscle and is strongly recommended for muscle recovery after
submaximal exercise [32]. Two recent randomized controlled trials examined the effects
of amino acid or protein supplementation on joint pain [12,33]. Third, the protein source
for muscle building was regarded as a promising factor. There was a sex difference in
the association between each protein source and lean mass. The intake of total protein
foods was positively associated with the appendicular lean mass index in both men and
women, but consumption of seafood and plant protein foods were positively associated
with appendicular lean mass index in women only [34]. Further studies are needed to
investigate the impact of each protein source on LBP.

Although chronic pain is an important health issue in the older population, few studies
have evaluated the effect of exercise or nutrition on LBP in aging populations. To the best of
our knowledge, this is the first representative nationwide study to evaluate the combined
associations between exercise, dietary protein intake, and LBP. We demonstrated that
engagement in exercise and sufficient protein intake are associated with a low probability
of LBP in middle-aged and older adults in the general Korean population.
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This study had several limitations. First, the causal relationship between exercise
and progression of symptoms was unclear because the KNHANES only records cross-
sectional data. The American Physical Therapy Association recommends strengthening
exercises and progressive walking in older patients with LBP [35] because regular exercise
may help to relieve LBP and prevent further damage. Second, we did not have data
on the history of pharmacological or surgical treatment of LBP in the study participants.
To minimize the possible confounding effect of medical treatment on LBP, we excluded
subjects with vertebral fracture and those with advanced arthritic changes in the lumbar
spine as identified on plain radiography. Degeneration of the lumbar spine affects LBP, and
an association between vertebral OA and LBP has already been reported [36,37]. These
degenerative changes in the spine are highly likely to cause chronic intractable LBP that
cannot be managed by lifestyle modifications, such as regular exercise and daily nutrient
control; in such cases, timely medical intervention helps reduce the pain induced by
severely progressive arthritis of the lumbar spine. Third, the KNHANES collected dietary
data by 24 h recall. One day of data may not have accurately reflected the average amount
of nutrients ingested by the study participants. However, to increase the accuracy of this
large population-based survey, the frequency of food intake and portion size for each item
were estimated using the semi-quantitative food intake frequency survey table, which
verified the validity of 112 food items, and the food intake frequency survey, which consists
of 63 food items. Furthermore, trained dietitians helped the study participants recall their
dietary information. A further prospective study over a longer period will be needed to
evaluate the association between regular exercise, dietary protein intake, and LBP in the
older population.

5. Conclusions

In this study, we found that a combination of sufficient dietary protein intake
(>0.8 g/kg/day) and regular exercise was associated with a low probability of LBP in
middle-aged and older Korean adults. Regular exercise and a daily dietary protein intake
equivalent to the RDA should be maintained in everyday life to prevent LBP. Women who
are middle-aged or older who cannot exercise regularly, including walking as a physical
activity, should be encouraged to consume adequate dietary protein to reduce their risk
of LBP.
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Abstract: Background: Chronic pain is a complex biopsychosocial phenomenon. Lifestyle, behav-
ioral, socioeconomic, and psychosocial factors such as depression and perceived injustice are often
associated with the development of chronic pain and vice versa. We sought to examine the interaction
of these factors with opioid intake. Methods: At our institution, 164 patients with chronic pain
undergoing an interdisciplinary assessment within a three-month period participated in the study
and completed the Injustice Experience Questionnaire (IEQ). Data regarding opioid intake, pain
levels, pain diagnosis, depression, anxiety, stress, quality of life, pain-related disability, habitual
well-being, occupational status, and ongoing workers compensation litigation were extracted from
the patients’ charts. Results: Approximately one-fourth of the patients used opioids. The IEQ total
was significantly higher in patients using Schedule III opioids. Depression, but not the anxiety and
stress scores, were significantly higher in patients using opioids. There were no significant differences
regarding pain-related disability, habitual well-being, and the coded psychosocial diagnoses. In the
patient group without opioids, the percentage of employed persons was significantly higher but there
were no significant differences regarding work leave, pension application, or professional education.
Conclusions: Opioid use appears to be more closely related to psychological factors and single social
determinants of pain than to somatic factors.

Keywords: chronic pain; perceived injustice; opioid use; socioeconomic factors; psychological
factors; lifestyle

1. Introduction

Chronic pain affects many aspects of daily activities, physical and mental health,
family, social relationships, and workplace interactions [1]. In turn, all of these factors can
also influence the perception of chronic pain [2]. Opioids can be an important tool in the
management of chronic pain. However, the experience of recent years has shown that
benefit and harm in treatment of non-cancer pain can be closely related, and that opioid
consumption is influenced by different factors [3-5].

Studies on opioid prescriptions show that besides compromised lifestyle factors such
as physical activity and functioning, psychological and socioeconomic factors such as work
force participation and social capital contribute to the amount of opioid consumption and
the number of opioid-related deaths [1,6-8]. Opioid use is associated with statistically
significant but small improvements in pain and physical functioning [9]. Numerous studies
exist demonstrating that psychological comorbidities such as depression and anxiety are
prevalent among patients with chronic non-cancer pain [3,6], and that these patients are
more likely to receive long-term opioid therapy for pain [4]. A proposed reason for this
phenomenon is that mental health conditions and chronic non-cancer pain are closely
correlated concerning severity [5]. Moreover, patients with psychological comorbidities

175



J. Clin. Med. 2022, 11, 647

have a tendency to use opioids earlier and to use higher dosages of opioids [6], and opioid
use may be a contributing factor for the development of depression [2].

Perceived injustice is a novel psychological variable interacting with chronic pain and
opioid use. Scott et al. and Sullivan et al. showed that high levels of perceived injustice
as measured with the Injustice Experience Questionnaire (IEQ) may also increase pain
severity and depressive symptoms [10,11]. Sullivan et al. showed that high scores on per-
ceived injustice are correlated negatively with recovery from mental health problems, poor
rehabilitation outcomes, and prolonged work disability, and that the IEQ could possibly
be used as a prognostic factor in the treatment of patients with chronic pain [12]. High
scores on perceived injustice also predicted work disability, even if the initial pain intensity,
functional limitations after the injury, catastrophizing, depression, and pain-related fears
are controlled. Perceived injustice was more related to disability than to pain severity and
it was the best predictor for occupational disability. Interestingly, catastrophizing was the
best predictor for pain severity. Sullivan et al. suggested that perceived injustice should be
further investigated in terms of its prognostic value for recovery [13].

Carriere et al. reported a correlation between perceived injustice and opioid prescrip-
tion in patients with chronic pain [14]. They found that pain behavior, rather than pain
intensity and depressive symptoms, mediated the association between perceived injustice
and opioid prescription in patients with chronic pain. They discussed perceived injustice
as a risk factor for adverse pain-related outcomes [14] and recommended future research
in this area in order to identify more details and factors influencing the relationship of
perceived injustice and opioid prescription. Moreover, Nijs et al. recently proposed that the
assessment of perceived injustice, by means of the IEQ, should be included in the screen-
ing of cancer survivors with chronic pain because of its potential relevance for different
treatment strategies including opioid medication [15]. While the correlation between de-
pression, perceived injustice, and opioid use in chronic pain is well established, there is little
knowledge about the possibly contributing socioeconomic factors. High perceived stress,
e.g., due to high job demands and low control of decisions at work, was associated with
more neck pain and decreased work productivity [16-19]. Occupational factors can also
have a significant influence on the development of low back pain disorders [20]. Recently,
Serra-Pujadas et al. [21] showed that socioeconomic status has a major influence on opioid
use but their study was based only on regional insurance data.

The aim of this prospective study was to evaluate a possible correlation of opioid
therapy in particular with socioeconomic factors and psychological factors such as the
feeling of perceived injustice. For this purpose, we examined a representative group of
patients with chronic non-cancer pain in a tertiary pain center.

2. Material and Methods
2.1. Patients

Inclusion criteria were: appointment in our institution for an interdisciplinary as-
sessment between 1 October 2020 and 31 December 2020, age above 18 years, ability to
understand and fill in the study questionnaires. Patients are treated in this department on
an outpatient, inpatient and inpatient day-care basis. Prior to first presentation, patients
routinely fill out the German Pain Questionnaire before then being admitted to our institu-
tion [22]. Assessment examinations are only given to patients who, based on the evaluation
of the German Pain Questionnaire and the available medical findings, suffer from chronic
pain with psychosocial stress factors and who have already undergone multiple frustrating
pain therapies. This assessment is carried out in one day, i.e., the patient is inpatient for one
day and is being looked after by an interprofessional team of doctors, physiotherapists, and
psychologists during this time. [23]. Specialists from each discipline examine the patients
for the causes of their chronic pain and the contributing chronification factors with the aim
of appropriate, generally multimodal treatment [24].

Exclusion criteria were: insufficiently completed questionnaires, acute pain syndromes.
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Of the 191 patients initially fulfilling the inclusion criteria, 164 gave written content
to participate in this cross-sectional study. The IEQ (Injustice Experience Questionnaire,
German version) was distributed to the patients, during their stay for the assessment [25].

2.2. Questionnaires and Data Extraction

The IEQ examines perceived injustice (sense of unfairness, severity of loss) as a
contributing factor for the development of chronic pain [12,26]. The IEQ consists of 12 items
with a 5-point scale (0—4), so that a maximal 48 points can be reached in total. Six items
each form the subscale blame and the subscale severity. The cut-off value for the IEQ total
score is 30; 14 for the subscale blame and 16 for the subscale severity [13,27]. The IEQ total
score and the scores for the subscales blame and severity were calculated from the IEQ [13].

The German Pain Questionnaire was developed and validated by the German Chap-
ter of the International Association for the Study of Pain (DGSS) [22,28]. The concept
of this questionnaire is based on a bio-(medical)-psycho-social pain model. This ques-
tionnaire generates pain ratings on the 11-point numerical rating scale (NRS) and anxi-
ety /depression/stress scores as measured by the German version of the Depression Anxiety
Stress Scale (DASS) [29]. Patients rate their current, mean, maximum pain in the last four
weeks and their bearable pain in case of successful pain treatment. The DASS consists of
seven items each for depression, anxiety, and stress. In each of these items, 0-3 points can
be reached. Values above 10 indicate an increased probability of the presence of chronic
stress or a depressive disorder, while values above 6 are suspicious for anxiety. Moreover,
for the experience of impairment, the German Pain Questionnaire contains a disability
score, a shortened version of the Pain Disability Index (PDI) in which scale items are rated
on an 11-point scale ranging from 0-10 [30]. The mean value of these 3 items multiplied by
10 gives the value for the disability score. The German Pain Questionnaire further includes
the Marburg Questionnaire on Habitual Health Findings (FW 7), a 7-item questionnaire
with a 6-point scale for each item [31].

Data on employment status, current sick leave, pension application, education, and
marital status were also collected from the German Pain Questionnaire. Furthermore,
personal data, medication, as well as coded diagnoses were extracted from the charts.
Moreover, diagnoses based on the ICD-10 (International Classification of Diseases) [32,33]
were derived from the patients’ charts.

The study was approved by the local Ethics Committee (IRB number: 20-1061). The
datasets generated and/or analyzed during the current study are available from the corre-
sponding author on reasonable request. The analysis of the contributing factors to the IEQ
will be published separately.

2.3. Coded Diagnoses

For the analysis, pain diagnoses were further grouped by body region in the fol-
lowing categories: headache, facial pain, neck pain, low back pain, neuropathic pain,
and widespread pain. Psychological diagnoses were grouped in the following categories:
Chronic Pain Disorder with Somatic and Psychological Factors (ICD-10: F45.41) [34], de-
pression, anxiety, sleep disorder. Psychosocial factors are coded under Z-diagnoses (factors
influencing health status and contact with health services). These diagnoses were grouped
in four categories: family (Z263), work (Z56), biography (Z61), and finance (Z59). For in-
stance, Z-diagnoses pertaining to the family are coded in case of severe conflicts within the
family. Work factors are coded in case of imminent loss of employment or severe conflicts
in the working environment. Biographical Z-diagnoses are coded in case of childhood
trauma, parental neglect, or in some cases loss of parents during childhood, while financial
Z-diagnoses are coded in case of severe financial problems, i.e., massive debts or imminent
loss of housing.
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2.4. Statistical Analysis

A computer software package (GraphPad Prism, Version 5.01, GraphPad Software,
Inc., La Jolla, CA, USA) was used to conduct statistical analyses other than the regression
analysis, which was performed with SPSS (IBM SPSS Statistics for Windows, Version
27.0, Armonk, NY, USA). Initially, descriptive statistics were applied to all measures. An
unpaired t-test (in case of normally distributed variables) and, in the more frequent case
of missing Gaussian distribution, the Mann-Whitney Test were used to determine the
statistical significance of the differences in mean scores. Comparisons with categorical
variables were made by means of the chi-squared test and, if indicated, Fisher’s exact
test. Statistical significance was considered when p < 0.05. The sample size estimation
was performed with G*Power [35]. The sample size was 164 for the Mann—Whitney Test
with « = 0.05 and a power of 0.8 and an effect size of 0.4. Logistic regression analysis was
used to investigate the relation between the variables found significant in the individual
comparisons between patients with and without opioid use (plus age and sex).

3. Results
3.1. Patients

Of the 191 patients initially fulfilling the inclusion criteria, 164 were included in the
analysis (Figure 1).

191 patients fulfilled inclusion criteria

23 patients denied to participate

v

3 patient could not participate due to language reasons

v

1 patient filled in questionnaire incompletely

¥

164 patients included in analysis

Figure 1. Flowsheet of patients eligible and patients analyzed.

Mean age was 50.3 years and nearly two-thirds of the patients included were female.
Among the pain localizations, lumbar pain (low back pain) was most frequent followed by
head and face pain, cervical pain, and widespread pain.

The median total pain score was 7.33 (IQR: 6.33-8.0). Almost 25% of the patients used
opioids (39/164) equally divided between Schedule II and Schedule III opioids. Most of
the patients (59.1%) used non-opioids or a single compound (55.5%). The proportion of
patients who took anticonvulsants (18.3%) and antidepressants (21.9%) was roughly evenly
distributed (Table 1).
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Table 1. Patient characteristics: Personal data, pain localizations, socioeconomic data, coded diag-
noses and scales, and analgesic medications, WSP = widespread pain, IEQ = Injustice Experience
Questionnaire, DASS = Depression, Anxiety and Stress Scale, FW7 = Marburg questionnaire on
habitual health findings, * during the last 4 weeks, ** total = (current + mean + highest)/3.

Patients/n (%)

Age* 50.3 (SD 14.2)
Sex (m/f) 67/97
Head and Face 30 (18.3%)
Cervical 23 (14.0%)
Pain localizati Lumbar 66 (40.3%)
ain localization Extremities 15 (9.1%)
Abdominal 5 (3.0%)
WSP 25 (15.2%)
Retired 19 (11.5%)
. Disability pension 31(18.9%)
Occupational Status Unemployed 29 (17.6%)
Employed 85 (51.9%)
Yes 58 (35.7%)
Work leave No 66 (40.2%)
n.a. 40 (24.4%)
Yes 12 (7.3%)
Pension application No 123 (75.0%)
n.a. 29 (17.6%)
Academic 27 (16.4%)
Professional education Non-academic 128 (78.0%)
None 10 (6%)
married 100 (60.9%)
Marital divorced 13 (7.9%)
arital status widowed 3 (1.8%)
unwedded 48 (29.3%)
Opioids schedule II 16 (9.85)
Opioids schedule III 26 (15.8%)
Non-opioids 97 (59.1%)
Analgesic medication Antidepressants 36 (21.9%)
Anticonvulsants 30 (18.3%)
Muscle relaxants 5 (3.0%)
Others 26 (15.8%)
One compound 91 (55.5%)
Two compounds 30 (18.3%)
Number of compounds Three compounds 23 (14.0%)
>Three compounds 18 (11.0%)
Coded psychological Diagnoses Patients (1) Patients (n)
Pain D1§order with Somatic and Yes: 149 No: 15
Psychological Factors
Depression Yes: 79 No: 85
Anxiety Yes: 12 No: 152
Somatization disorder Yes: 7 No: 157
Sleep disorder Yes: 83 No: 81
Coded Z-diagnoses
family Yes: 52 No: 112
work Yes: 88 No: 76
biography Yes: 37 No: 127
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Table 1. Cont.

Patients/n (%)

finance Yes: 26 No: 138
any Z-diagnose Yes: 129 No: 35
Pain scores Median (IQR)
Current 7.0 (5.0-8.0)
Mean * 7.0 (6.0-8.0)
Highest 9.0 (8.0-10.0)
Bearable 3.0 (2.0-4.0)
Total ** 7.33 (6.33-8.0)
IEQ Blame 8.0 (4.0-13.75)
Severity 15.0 (12.0-18.0)
Total 24.0 (17.0-31.0)
DASS Depression 9.0 (4.0-14.0)
Anxiety 5.0 (2.0-9.0)
Stress 10.0 (7.0-14.0)
Total 25.0 (15.0-34.0)
FW7 10.0 (4.0-14.75)
Disability score 77.33 (56.67-83.33)

The median scores for depression, anxiety, and stress within the study population
were below the cutoffs for conspicuous or probable disorder. With regard to education,
marital, and professional status, the following results were obtained: More than half of
the patients were employed, one-third of the patients were unemployed or retired, and
the rest of the patients received a disability pension. Most of the patients had no pension
application, while 12 patients had. A non-academic professional education was reported
by 78.05% of the patients (128/164). Two-thirds of the patients were married (Table 1).

3.2. Opioid Use, Gender, Age, Pain Localization, and Pain Diagnosis

No statistically significant differences were found among the proportion of opioid
users between male and female patients. Moreover, there were no differences in age
between patients with and without opioid use (Table 2).

Table 2. Opioids and Age (years), sex, and different pain localizations, percentages represent within
group values, * Mann-Whitney Test, ** Fisher’s exact test, *** chi-squared test, p < 0.05 = significant,
2 WSP = widespread pain.

Opioids No Opioids r
56.30 51.40
*

Age 503 (SD14.2) (35.30-67.70) (40.30-58.25) 0.1727
Sex (m/f) ** 67/97 18/21 49/76 0.4606

1 %
Pain ™ 0.1551
localization

Head and Face 4 (10.3%) 26 (20.8%)

Cervical 6 (15.4%) 17 (13.6%)

Lumbar 19 (48.7%) 48 (29.3%)

Extremities 4 (10.3%) 11 (6.7%)

Abdominal 3 (7.7%) 2 (1.2%)

WSP 2 3 (7.7%) 21 (12.8%)
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There were no statistically significant differences found in pain localizations among
patients with and without opioid use (Table 2).

Mean pain scores were higher in the group of patients taking opioids compared to
those without opioid therapy. No statistically significant correlations between the other
pain scores were found (Table 3).

Table 3. Opioids and pain scores, * during the last 4 weeks, p < 0.05 = significant, Mann-Whitney Test.

Pain Scores Opioids No Opioids
Current 7.0 (5.0-8.0) 6.5 (5.0-8.0) 0.5181
Mean * 8.0 (7.0-9.0) 7.0 (6.0-8.0) 0.0047
Highest 9.0 (8.0-10.0) 9.0 (8.0-10.0) 0.3952
Bearable 3.0 (2.0-4.0) 3.0 (2.0-4.0) 0.4854
Total NRS 7.67 (6.67-8.33) 7.33 (6.33-8.0) 0.2215

3.3. Opioid Use and Psychological Factors

The IEQ total, but not the subscales blame and severity, was significantly higher in
patients using Schedule III opioids than in those using no opioids. Considering all opioids
(Schedule IT and Schedule III opioids), this difference was no longer statistically significant.
This was the only item which yielded different significance in patients taking Schedule III
opioids than in patients taking Schedule II or III opioids, or both. The DASS depression
and the DASS total score, but not the DASS anxiety and stress scores, were significantly
higher in patients with opioid therapy compared to patients with no opioid therapy. There
were no differences regarding pain-related disability and habitual well-being (Table 4),
and no statistically significant differences in the frequency of coding of diagnoses such as
“Pain Disorder with Somatic and Psychological Factors” (ICD-10: F45.41) [34], depression,
anxiety, or sleep disorder (Table 5).

Table 4. Opioids and psychological factors, Fisher’s exact test, p-values = opioids (strong and weak)
vs. no opioids.

Opioids No Opioids p

IEQ
1IEQ total
(all opioids) 26.0 (19.0-33.0) 23.0 (17.0-29.5) 0.1342
IEQ total B
(only Schedule ITT opioids) 28.0 (22.5-33.5) 23.0 (17.0-29.5) p=0.0417
IEQ blame 10.0 (6.0-15.0) 8.00 (4.0-13.0) 0.1270
IEQ severity 16.0 (12.0-19.0) 15.9 (12.0-18.0) 0.2407
DASS
Depression 13.0 (6.0-18.0) 8.0 (4.0-13.0) 0.0094
Anxiety 6.0 (2.0-11.0) 4.0 (1.0-8.0) 0.0522
Stress 12.0 (8.0-16.0) 10.0 (7.0-14.0) 0.0618
Total 32.0 (17.0-42.0) 22.0 (14.5-33.0) 0.0182
PDI 76.67 (53.33-86.67) 73.33 (56.67-83.33) 0.5097
FW?7 9.0 (3.0-14.0) 10.0 (5.0-15.0) 0.4544
Coded diagnoses
Pain Disorder with Somatic Yes: 35 Yes: 114 0.7556
and Psychological Factors No: 4 No: 11 '

. Yes: 17 Yes: 49
Depression No: 22 No: 76 0.7091

. Yes: 3 Yes: 9

Anxiety No: 36 No: 116 10

. Yes: 22 Yes: 61
Sleep disorder No: 17 No: 64 0.4651
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Table 5. Opioids and social factors ** values missing to 164: n.a., chi-squared test, p-values = opioids

vs. no opioids.

All Opioids No Opioids 4
Occupational status
employed 6 71
unemployed 15 21 <0.0001
retired 10 9
disability pension 8 21
o Yes: 12 Yes: 44
Work leave No: 11 No: 55 0.6430
. . Yes: 0 Yes: 12
Pension application No: 28 No: 95 0.0714
Professional education
academic 3 24
nonacademic 32 96 0.0994
none 4 5
Marital status
divorced 3 10
married 24 76 0.9862
unwedded 12 36
Coded psychosocial diagnoses
. Yes: 5 Yes: 21
Finance No: 34 No: 104 0.6256
. Yes: 9 Yes: 43
Family No: 30 No: 82 0.2378
Yes: 20 Yes: 69
Workplace No: 19 No: 56 0.7149
. Yes: 11 Yes: 25
Biography No: 28 No: 100 0.2773

3.4. Opioid Use and Social Factors

There were significant differences in the occupational status between the patient
groups with and without opioids. Logistic regression analysis showed that occupational
status had a high correlation to opioid use. The overall model was significant, p < 0.001
(Table 6). No differences were found in the incidence of work leave or pension application
or with different educational levels. Among the coded psychosocial diagnoses, there were
no statistically significant differences between the patient groups with and without opioids
(Table 5).

Table 6. Logistic regression analysis examining the relation between opioid use (dependent variable)
and IEQ total, DASS Depression, mean pain, B: regression coefficient, SE: Standard error.

B SE Wald df p Odds Ratio

Regression
Constant —0.3441 1.060 10.541 1 0.001 0.032
Age 0.015 0.014 1.020 1 0.313 1.015
Sex —0.394 0.394 1.002 1 0.317 0.674
IEQ total —0.016 0.026 0.365 1 0.545 0.984
DASS D 0.094 0.042 4.875 1 0.027 1.098
NRS mean 0.168 0.106 2.508 1 0.113 1.184
Occupation status —0.146 0.539 0.073 1 0.787 0.864

4. Discussion

In this prospective study, 24% of all investigated patients with chronic pain consumed
opioids. There was no significant correlation between age, gender, and opioid consumption
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(Table 2). In contrast, other studies on the subject of gender-specific differences in patients
with chronic pain found that women suffer from pain more often and also report higher
pain intensity and more pain problems. This led to the conclusion that women were
prescribed more opioids than men [36,37]. In our study, there were also no statistically
significant age-related differences in opioid consumption behavior. However, a national
population-based survey by Hudson et al. found that individuals older than 60 years were
less likely to receive opioids than younger individuals [38].

Also pain localization showed no differences in the frequency of opioid consumption.
In our study the majority complained of lumbar back pain (Table 3). In agreement with
our study result, lumbar back pain is one of the most complained of pain syndromes in
the western countries, with a global point prevalence estimated to be 9.4% [39]. We found
no other references examining the relationship between different pain localizations and
opioid consumption.

Opioid consumption was not related to most of the pain scores (Table 4), but interest-
ingly, only mean pain was significantly higher in the group of patients taking opioids than
in those without opioids. This result could confirm previous study results which report
that opioid users were more likely than non-users to report high levels of pain interference
with their daily lives [38]. On the other hand, Chen et al. reported on the lack of connection
between the opioid dose change (increase or decrease) and the clinical pain score in a group
of patients with chronic pain, regardless of age or gender [40]. These results were confirmed
in further studies. Escalation of opioid dose was either not associated with improvements
in NRS pain scores or with mild but clinically insignificant improvements [41].

In contrast to other study data, our study results show no difference in the mean values
of the habitual well-being or the disability score of patients taking opioids and those not
taking opioids [42]. This could possibly be a dose-dependent or habituation effect. Possible
underlying mechanisms of a loss of efficacy of opioids in the sense of developing tolerance
remain elusive, despite intensive research to understand the phenomenon [43]. Opioids
may impair the assessment of one’s own quality of life through central nervous system
side effects depending on the dose, speed of dose escalation and on comorbidities and
co-medication [44]. Patients’ self-reported physical and psychological effects of opioid use
in chronic non-cancer pain showed that improvement in general well-being irrespective of
pain relief was experienced by 40% of the patients with chronic pain and opioid intake [45].

Wakaizumi et al. compared psychosocial, functional, and psychological measures
between patients with chronic back pain who were managing their pain with or without
opioids. Patients on opioids displayed poorer physical function [46]. In this context, it
is important to know that our own non-pharmacological measures to improve the pain
consist of self-reliant health attitudes and physical activities. Self-reliant health attitude,
exercise, and physical activity have been shown to be a successful tool in avoiding opioids
or discontinuing opioid use [47]. Further, a systematic review on opioids in patients with
chronic non-cancer pain found small improvements in social functioning which were,
however, far below the minimally important difference, and no improvements in emotional
or role functioning [9].

The coded ICD-10 diagnoses of our study population, such as chronic pain disor-
der, depression, anxiety, and sleep disorder, had no significant correlation with opioid
consumption. It is theorized that this could be the consequence of a relatively unspecific
coding or diagnosis. An electronic health record such as the International Statistical Clas-
sification of Diseases and Related Health Problems, 10th Revision, German Modification
(ICD-10-GM) is the official classification for coding diagnoses in outpatient and inpatient
care in Germany. ICD-10 may receive insufficient underdiagnosis or outdated data if it is
not updated regularly.

Depression showed a significant dependency on opioid intake in contrast to anxiety
and stress. This result is partially consistent with Jamison et al., who reported that 40%
of chronic pain patients treated with opioids suffer from additional affective disorders
(depression and anxiety), which in turn are associated with a significantly increased misuse
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of opioids [36]. There are a number of studies demonstrating that people with psychological
comorbidities such as depression and anxiety are prevalent among patients with chronic
non-cancer pain [6,48-50], and that they are more likely to receive long-term opioid therapy
for non-cancer pain than those without such comorbidities [4]. One reason for that could be
that mental health conditions and chronic non-cancer pain are closely correlated concerning
severity [5]. Moreover, patients with psychological comorbidities have a tendency to use
opioids earlier and to use higher dosages of opioids [6]. Opioid use may be a factor for the
new onset of depression, although the risk of depression is associated with longer duration
of use but not with dose [2].

Consistent with previous research by Carriere et al. [14] we found a significant cor-
relation between opioid consumption and perceived injustice (IEQ total) in our study
population. Interestingly, this relationship was only confirmed for Schedule III opioids. If
one assumes that patients with severe pain also prefer Schedule III opioids, this fits well
with the results published by Carriere et al. This study group discussed that perceived
injustice might contribute to higher levels of pain and as a consequence might increase the
likelihood of opioid prescription [14]. For Carriere et al., pain behavior plays an important
role in mediating between perceived injustice and opioid prescription. In a longitudinal
study, Dickman et al. found that perceived injustice predicted increases in reported opioid
use over three months, at least in patients without a high score in the PMQ (pain medicine
questionnaire), thus in patients who did not take many other analgesics [51].

In our opinion, a therapeutic consequence for the reduction of opioids could be that
patients should be screened for perceived injustice and receive psychoeducation or be
counselled on that subject as appropriate. Other studies show that perceived injustice
is a pain-influencing factor even in cancer survivors. Therefore, such patients should
also be screened for perceived injustice as a trigger for behavioral patterns associated
with opioid use [15]. Scott et al. even showed that perceived injustice augments the
relationship between pain severity and depressive symptoms [10]. Based on the well-
known relationships between depression and opioid consumption, one could argue that
this observation could also be a cause of changed opioid consumption behavior.

As we already mentioned, there is a strong relationship between emotional stress and
chronic pain. Furthermore, physical pain and negative emotions reinforce each other. This
correlation is also shown in the fact that physical pain and negative emotions activate the
same areas of the brain [52]. Opioids could be one way to treat not only physical pain
but also social stress, and this could be a reason for the development of opioid abuse.
Mark D. Sullivan emphasizes that “long-term opioid therapy impairs human social and
emotional functions” [8]. Pain-related distress has been shown to increase pain intensity
and interference [53-55] and to be associated with worse outcomes in treatment studies [56].

Concerning socioeconomic factors, only occupational status showed a significant
correlation to opioid consumption. In addition, the logistic regression analysis showed
that among the variables examined, occupational status had the strongest correlation with
opioid use.

Employment status, education level, income, and occupational factors have already
been discussed as risk factors for chronic pain [52,57]. To our knowledge, there are no
proven correlations between opioid consumption and occupational status up to now.
However, if one assumes that psychosocial stress, e.g., professional problems or problems
in the workplace, is a risk for chronicity, and one knows that psychological stress can
be associated with higher pain perception, a correlation between occupation and opioid
consumption would be possible [57].

Limitations

One limitation of this study could be that we do not know for sure whether there
has been a change of medication or dosage between data collection from the German Pain
Questionnaire and the IEQ. Since the time between data collection was only few weeks,
clinical experience indicates that a substantial change is unlikely. Further, it should be taken
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into account that the socioeconomic data were submitted subjectively by the patients, e.g.,
patients may have classified themselves as incapacitated without stating whether this is
an official assessment or an estimation. A type 2 error cannot be ruled out completely, as
multiple items have been tested, but it seems rather unlikely. Some of the ICD-10 coded
diagnoses, such as depression or sleep disorder, were rarely recorded and, therefore, may
not have enough power to determine statistical differences.

A strength of this study is the prospective study design with the inclusion at a uni-
versity tertiary pain center of patients with chronic pain and high impairment of their
quality of life. Contributing to the strength are the variety of several potentially important
psychosocial, socioeconomic, and somatic factors and a broad analysis of the subject.

5. Conclusions

In summary, our study again highlights that opioid use is strongly interwoven with a
variety of psychological and socioeconomic factors. In addition to the psychological factors
of opioid consumption in patients with chronic pain, we found a correlation of opioid use
with the occupational status and the IEQ total. Taking occupational status and IEQ into
account could be useful for weighting the treatment of pain, e.g., for special psychological,
social, and medical support. Therefore, further screening models, e.g., with the help of
assessments, could be a requirement for successful multimodal treatment schemes.
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Abstract: Patients recovered from a COVID-19 infection often report vague symptoms of fatigue or
dyspnoea, comparable to the manifestations in patients with central sensitisation. The hypothesis
was that central sensitisation could be the underlying common aetiology in both patient populations.
This study explored the presence of symptoms of central sensitisation, and the association with
functional status and health-related quality of life, in patients post COVID-19 infection. Patients who
were previously infected with COVID-19 filled out the Central Sensitisation Inventory (CSI), the
Post-COVID-19 Functional Status (PCFS) Scale and the EuroQol with five dimensions, through an
online survey. Eventually, 567 persons completed the survey. In total, 29.73% of the persons had a
score of <40/100 on the CSI and 70.26% had a score of >40/100. Regarding functional status, 7.34%
had no functional limitations, 9.13% had negligible functional limitations, 37.30% reported slight
functional limitations, 42.86% indicated moderate functional limitations and 3.37% reported severe
functional limitations. Based on a one-way ANOVA test, there was a significant effect of PCFS Scale
group level on the total CSI score (F(4,486) = 46.17, p < 0.001). This survey indicated the presence of
symptoms of central sensitisation in more than 70% of patients post COVID-19 infection, suggesting
towards the need for patient education and multimodal rehabilitation, to target nociplastic pain.

Keywords: COVID-19; persisting symptoms; fatigue; nociplastic pain; functional status; central
sensitisation

1. Introduction

Currently, the outbreak of the coronavirus disease 2019 (COVID-19) pandemic is still
a serious global public health concern. This novel coronavirus, was first discovered in
Wuhan, China, in 2019 and afterwards rapidly spread throughout the world, causes a
disease that manifested itself with fever, cough, encephalitis, myalgia, fatigue, muscle
weakness, arthralgia, anosmia, and impairment in other bodily functions in the acute
phase [1-5]. While mild symptoms are reported in approximately 85% of the cases, a sub-
stantial proportion of patients with COVID-19 develop acute respiratory distress syndrome
(ARDS) and critical illness [6]. Up to 17% of cases needed high-dependency/intensive
care unit treatment due to hypoxemic pulmonary failure [7]. Besides the impact on the
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respiratory system, coronaviruses had an effect on other systems as well including the
central nervous system, cardiovascular system, musculoskeletal system, and gastrointesti-
nal system [2,3,8-11]. As the COVID-19 pandemic continues, signs and symptoms, such
as persistent fatigue or depression, which continue or develop after acute COVID-19 are
reported, and are denoted as “long COVID” [12].

In patients who are suffering from chronic non-specific pain, central sensitisation (i.e.,
an amplification of neural signalling within the central nervous system that elicits pain hy-
persensitivity [13]) often serves as an underlying neurophysiological mechanism to explain
the manifestations [14]. Especially, in patients in whom there is an absence of a clear origin
of nociceptive input or absence of enough tissue damage to explain the experienced pain,
disability, and other symptoms, central nervous system sensitisation is often proposed.
Central sensitisation has been denoted as an important contributor or a common aetiol-
ogy in a variety of chronic musculoskeletal conditions, including fibromyalgia, chronic
fatigue syndrome, and irritable bowel syndrome [15]. Despite the lack of a solid outcome
measurement, the Central Sensitization Inventory (CSI) was previously introduced as a
screening instrument for clinicians to help identify patients with central sensitisation [15].
In post COVID-19 patients, potential long-term secondary effects on the musculoskeletal
system such as muscle weakness, decreased muscle mass, and myopathies have been
brought to attention [16]. Persisting symptoms are a frequently reported complaint in
patients recovered from COVID-19 infection with at least one symptom, particularly fa-
tigue and dyspnoea [17]. Fatigue is also one of the core symptoms in central sensitisation
disorders [18], leading to the hypothesis that central sensitisation might be the underlying
common aetiology in patients with chronic pain and patients post COVID-19 infection.

The goal of this study was to gain further insight in the presence of central sensiti-
sation as underlying factor for long-term secondary effects in post COVID-19 patients.
Additionally, we evaluated whether there was an association between total scores on the
CSI and the functional status after COVID-19 infection. Therefore, the aim of this study
was to explore the presence of symptoms of central sensitisation, and the association with
functional status and health-related quality of life, in patients post COVID-19 infection.

2. Materials and Methods
2.1. Study Participants

This study used a cross-sectional online survey design with a convenience sample
of individuals self-reporting the presence of a post COVID-19 infection state. The survey
population comprised all Dutch speaking adults, living in Belgium. The sampling frame
consisted of all post COVID-19 patients who were active on social media since the survey
was spread on LinkedIn, Facebook and Instagram several times between 4 June 2021 and
22 August 2021. Additionally, personal contacts of the research group members who were
infected with COVID-19 were asked to complete the online survey. No specific criteria
were imposed regarding the time frame after infection.

On the first page of the survey, all respondents were informed that the survey was
completely anonymous and that the information would only be used for this study. Ad-
ditionally, they were informed about the main goal of this survey. No financial or other
incentives were provided. The survey took around 10 min to complete.

The study protocol was approved by the central ethics committee of Universitair
Ziekenhuis Brussels (B.U.N. 1432021000484) on 26 May 2021. The study was registered
on clinicaltrials.gov (NCT04912778). The study was conducted according to the revised
Declaration of Helsinki (1998).

2.2. Data Collection

The online survey consisted of three validated questionnaires (in a random order)
to evaluate the functional status, health-related quality of life and symptoms of central
sensitisation. Additionally, demographics were questioned (age, sex, time of COVID-19
infection (based on symptoms), availability of a test, length, and weight). In the case that
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respondents underwent a test to confirm a COVID-19 infection, this was denoted as a
confirmatory diagnosis. Respondents without the availability of a COVID-19 test result
were denoted as a presumptive diagnosis.

Symptoms of central sensitisation were assessed with the Central Sensitization In-
ventory (CSI). The CSI consists of 25 symptom-related opinions that the patient had to
score on a 5-point Likert scale [15]. A total score of >40/100 indicated the presence of
central sensitisation (sensitivity: 81%, specificity: 75%) [15]. The CSI has good clini-
metric properties for assessing symptoms of central sensitisation and is validated in
Dutch [19,20]. Additionally, respondents were categorised based on central sensitisation-
related severity into three subgroups: (i) low level, (ii) medium level, or (iii) high level of
central sensitisation-related symptom severity using the freely accessible online calculator
(https:/ /www.pridedallas.com/questionnaires, accessed on 19 November 2021) [21].

The post COVID-19 functional status was evaluated by the Post-COVID-19 Functional
Status (PCFS) Scale, using the self-reporting version of this questionnaire [22,23]. This
intuitive scale is ordinal, with 6 steps ranging from grade 0 (no functional limitations) to
grade 4 (severe functional limitations) and grade 5 (death), and covers the entire range of
functional outcomes by focusing on limitations in usual duties/activities either at home or
at work/study, as well as changes in lifestyle.

The EuroQol with five dimensions and three levels (EQ5D-3L) [24] is a standardised
health-related quality of life questionnaire to provide a generic measure of health for
clinical and economic appraisal [25]. The EQ5D-3L consists of a descriptive system and a
visual analogue scale (VAS). The descriptive system contains five dimensions (mobility,
self-care, usual activities, pain/discomfort, anxiety/depression). Each dimension has three
response levels. In the second part of the questionnaire, a standard vertical 20 cm VAS was
implemented to record an individual’s rating for their current health-related quality of life
state. The responses to the EQ-5D dimensions were converted into a single index value for
all health states [26]. Health state index scores generally range from less than zero (where
zero is a health state equivalent to death; negative values are valued as worse than death)
to one (perfect health), with higher scores indicating a higher health utility.

2.3. Statistical Analysis

Survey data were collected through LimeSurvey. All analyses were performed in R
Studio version 1.4.1106 (R version 4.0.5). P-values of 0.05 or less were considered statistically
significant. Descriptive statistics were provided as means with corresponding standard
deviation (SD). Two-sample t-tests were performed to evaluate the effect of sex and the
presence of a test on CSI, EQ5D and EQ5D VAS scores. Pearson correlation coefficients were
calculated between total CSI scores, EQ5D scores and EQ5D VAS scores on the one hand
and time since infection and body mass index (BMI) on the other hand. A point-biserial
correlation was calculated between PCFS Scale scores and CSI total scores and between
PCEFS Scale scores and EQ5D scores. One-way ANOVA testing was used to explore the
effect of PCFS Scale scores on CSI total scores and EQ5D scores, with corresponding Tukey
HSD test for post hoc comparisons. All analyses were performed on data as observed,
meaning that for respondents with incomplete data, all data that were available was used.

3. Results
3.1. Demographic Statistics

In total, 741 respondents who were previously infected with COVID-19 opened the
survey between 4 June 2021 and 30 August 2021. Of those 741 respondents, 567 started to
complete the survey. Demographics were available for 567 respondents; the CSI was filled
in by 491 persons, the EQ5D-3L by 547 respondents, the EQ5D VAS by 537 persons and
the PCFS Scale by 504 persons. Seventy-seven (13.58%) males and 490 (86.42%) females
completed the survey. Respondents had a mean age of 46.5 (SD: 11.4) years and a BMI of
26.5 (SD: 5.42) kg/m?. Respondents were infected with COVID-19 between 22 January
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2020 and 25 July 2021. The mean time between the infection and the time of completing
this survey was 287 days (SD: 150).

3.2. Symptoms of Central Sensitisation, Functional Status and Health-Related Quality of Life

The mean score on the CSI was 45.9 (SD: 13.1), where 146 (29.73%) of the persons had
a score of <40/100 on the CSI and 345 (70.26%) of a score >40/100. In total, 21 respondents
(4.28%) could be classified with a low level of central sensitisation-related symptom severity,
152 (30.96%) with a medium level and 318 (64.76%) with a high level of central sensitisation-
related symptom severity. Table 1 presents CSI scores for the full sample, separated by sex,
the presence of a Covid test and PCFS Scale score. There was a significant difference in CSI
score between males (41.2 (SD 13.8)) and females (46.6 (SD 12.8), (86.54) = —3.01, p = 0.003),
but not between respondents with a confirmatory or presumptive COVID-19 diagnosis
(#(163.1) = 1.35, p = 0.18). There was a positive correlation (r = 0.09, 95% CI from 0.003 to
0.18) between BMI and the total CSI score (p = 0.04). Additionally, a positive significant
correlation was revealed between total CSI score and time since infection (r = 0.14, 95% CI
from 0.05 to 0.23, p = 0.002).

Table 1. Total scores on the CSI, separated for categorical variables. Abbreviations. N: number of respondents; PCFS:
Post-COVID-19 Functional Status Scale, SD: standard deviation.

Variable Level Mean CSI Score Mean EQ5D Mean EQ5D Vas
Sample 459 (SD13.1) (N =491)  0.57 (SD 0.23) (N =547)  56.6 (SD 18.2) (N = 537)
Sex Male 412(SD13.8) (N=68) 0.60(SD0.23) (N=75)  61.8(SD 18.6) (N = 74)
Female 46.6 (SD 12.8) (N =423) 0.56 (SD 0.23) (N =472) 55.8 (SD 18.1) (N =463)
D(;g(\EIII\]IDC_;S?S Confirmatory 455 (SD 13.2) (N=390) 0.57 (SD 0.24) (N =433) 56.6 (SD 17.9) (N =112)
Presumptive 474 (SD125) (N =101) 057 (SD0.22) (N =114) 57.0 (SD 19.5) (N = 425)
PCFS Score 0 285(SD11.8) (N=35)  0.87(SD0.15) (N=37)  78.4(SD 15.8) (N =37)
Score 1 373(SD13.1) (N=44)  0.73(SD0.12) (N=46)  72.3(SD 12.7) (N = 46)
Score 2 444 (SD10.8) (N =187) 0.63(SD0.15) (N=188) 60.7 (SD 13.1) (N = 188)
Score 3 50.7 (SD 11.1) (N =208)  0.45 (SD 0.22) (N =216) 47.3 (SD 15.2) (N = 216)
Score 4 61.3(SD10.9) (N=17)  0.15(SD0.11) (N=17)  34.1(SD 14.5) (N = 17)

Concerning the PCFS, 37 persons (7.34%) had no functional limitations (grade 0),
46 (9.13%) had negligible functional limitations (grade 1), 188 (37.30%) reported slight
functional limitations (grade 2), 216 (42.86%) indicated moderate functional limitations
(grade 3) and 17 (3.37%) reported severe functional limitations (grade 4). Figure 1 presents
the CSI scores for each level of the PCFS Scale.

The mean EQ5D-3L index score was 0.57 (SD: 0.23) and the EQ5D VAS mean score
was 56.6 (SD: 18.2) (Table 1). For the mobility component of the EQ5D-3L, 56.96% of the
respondents had no problems, 40.36% had some problems with mobility and 2.68% was
confined to bed. For the self-care component, 86.98% reported no problems, 12.30% some
problems and 0.72% was unable to wash or dress himself/herself. For usual activities,
17.67% had no problems, 62.66% some problems and 19.67% was unable to perform usual
activities. No pain or discomfort was reported by 10.42%, moderate pain or discomfort
by 74.59% and extreme pain or discomfort by 14.99%. For anxiety/depression, 57.40%
indicated not being anxious or depressed, 38.39% was moderately anxious or depressed
and 4.20% was extremely anxious or depressed. There were no statistically significant
correlations between EQ5D or EQ5D VAS scores and BMI or time since infection. There
was a significant difference in EQ5D VAS scores between males (61.8 (SD 18.6)) and females
(65.8 (SD 18.1), t(96.51) = 2.56, p = 0.01), but not between respondents with a confirmatory
or presumptive COVID-19 diagnosis (£(163.5) = 0.20, p = 0.84). No significant differences
in EQ5D scores were found for sex (£(100.1) = 1.14, p = 0.26) or COVID-19 diagnosis
(#(185.2) = —0.03, p = 0.98).
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Figure 1. Boxplot of total score on the CSI by PCFS Scale score for all respondents. The red line is
presents the cut-off value of the CSI at 40/100 to denote a person as having symptoms of central
sensitisation. Abbreviations. CSI: Central Sensitization Inventory, PCFS: Post-COVID-19 Functional
Status Scale.

3.3. Association between Symptoms of Central Sensitisation, Functional Status and Health-Related
Quality of Life

A significant positive correlation was revealed between PCFS Scale scores and CSI
scores (r = 0.52, 95% CI from 0.45 to 0.58, p < 0.001). Statistically significant negative
correlations were revealed between CSI scores and EQ5D scores (r = —0.58, 95% CI from
—0.51 to —0.63, p < 0.001), CSI scores and EQ5D VAS scores (r = —0.50, 95% CI from —0.43
to —0.56, p < 0.001) and PCFS Scale scores and EQ5D scores (r = —0.61, 95% CI from —0.56
to —0.67, p < 0.001) (Figure 2).
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Figure 2. Correlation plot. Correlation coefficients range from —1 (red) to +1 (blue) and presented
with the actual value on the plot. Abbreviations. CSI: Central Sensitization Inventory, PCFS: Post-
COVID-19 Functional Status Scale, VAS: Visual Analogue Scale.
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Based on a One-way ANOVA testing, there was a significant effect of PCFS group
level on the total CSI score at the 5% level (F(4,486) = 46.17, p < 0.001). Post hoc comparison
using the Tukey HSD test indicated that mean score for the PCFS group 0 was significantly
lower than for PCFS 1 group (mean difference of 8.82 (95% CI from 1.87 to 15.76), p = 0.005).
Additionally, the mean difference in CSI score between PCFS groups 1 and 2 (mean differ-
ence of 7.09 (95% CI from 1.95 to 12.22), p = 0.002), groups 2 and 3 (mean difference of 6.33
(95% CI from 3.24 to 9.42), p < 0.001), and groups 3 and 4 (mean difference of 10.60 (95% CI
from 2.86 to 18.34), p = 0.002) were statistically significant. Similarly, there was a significant
effect of PCFS group level on the EQ5D score at the 5% (F(4,499) = 83.41, p < 0.001). Post
hoc comparison using the Tukey HSD test indicated a statistically significant difference in
EQ5D scores for all level comparisons of the PCFS Scale. All post hoc tests can be found in
Figure 3.

95% family-wise confidence level
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levels in means p-value
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3vs2 6.33 3.24t09.42 <0.001 o
4vs2 16.94 9.17t0 24.71 |<0.001 o |
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4vsl -0.59 -0.45t0 -0.73 | <0.001 o ——
3vs2 -0.17 -0.12 to -0.22 | <0.001 o
4vs2 -0.48 -0.35t0 -0.61 | <0.001 -
pre —t—
4vs3 -0.30 -0.18 to -0.43 | <0.001 o s 0 0s

Mean difference in EQ5D score per PCFS level comparison

Figure 3. Post hoc comparisons between CSI scores (A) and EQ5D scores (B) for the different PCFS
Scale group levels with a visual presentation of the 95% family-wise confidence intervals for all group
level comparisons. Abbreviations. CI: confidence interval, CSI: Central Sensitisation Inventory, PCFS:
Post-COVID-19 Functional Status Scale, vs: versus.

4. Discussion

In 2017, the International Association for the Study of Pain (IASP) introduced the term
nociplastic pain as mechanistic pain descriptor in addition to nociceptive and neuropathic
pain [27]. The underlying mechanism of nociplastic pain is central sensitisation, whereby
several dysfunctions within the central nervous system, including altered sensory process-
ing in the brain, altered activity in brain-orchestrated nociceptive facilitatory pathways,
and poor functioning of endogenous analgesia, can lead to an increased responsiveness
to a variety of sensory inputs and/or hypersensitivity to external stimuli such as light,
sound or chemical substances [14]. The aim of this study was to evaluate whether there
were indications for symptoms of central sensitisation to explain persisting symptoms in
patients post COVID-19 infection. Based on the CSI, a screening questionnaire to identify
the presence of symptoms of central sensitisation, 70.26% of the respondents reported total
CSI scores of >40/100, indicating the presence of central sensitisation in this population.
Furthermore, when classifying patients according to the level of central sensitisation-related
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symptom severity, 4.28% were classified as low level, 30.96% as medium level and 64.76%
as high level. Therefore, this online survey is suggestive for the presence of symptoms of
central sensitisation in post COVID-19 patients. Mean values of 45.9 (SD: 13.1) on the CSI
were revealed in this population, which was in line with values obtained in patients with
chronic low back pain (total score of 41.6 (SD: 14.8)) [19] and a large group of 368 chronic
pain patients (total score of 43.88 (SD: 17.67)) [20]. In healthy persons, mean values of 21.55
(SD: 10.92) [20] and 28.9 (SD: 13.5) [19] were reported in datasets of 49 and 40 persons,
respectively. These reference data were observed in studies with other designs; therefore,
they only provide a rough indication to better interpret the currently observed findings
in post COVID-19 patients. Future studies could further explore the suggestion of cen-
tral sensitisation as an underlying mechanism of persisting symptoms in post COVID-19
patients by a thorough evaluation of the underlying pain state. Quantitative sensory test-
ing, i.e., a widely used method to measure patients’ verbal and behavioural response to
quantifiable sensory stimuli, may be used to assess detection and/or pain thresholds, tem-
poral summation (as measure of imbalanced pain facilitation by controlling for increasing
evoked pain by fixed repetitive stimuli) and conditioned pain modulation (as measure of
imbalanced pain inhibition by controlling for the ability to reduce evoked pain by a second
stimulus) [28], while offset analgesia and functional neuroimaging could evaluate cerebral
pain processing [29]. In line with previous research in patients with chronic pain, less
efficacious conditioned pain modulation, as an indirect measure for the functioning and
efficiency of the endogenous descending nociceptive inhibitory systems in humans [30-32]
(presumably due to a shift between nociceptive facilitation and nociceptive inhibition),
increased nociceptive facilitation [33] and decreased pain thresholds [34,35] are expected if
the stated hypothesis based on this online survey is valid.

The exact underlying pathogenetic mechanisms of central sensitisation are not yet
fully unravelled; however, it is suggested that infectious agents play a role in, for example
myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) [36]. It was previously
proposed that several viruses (Epstein-Barr virus [37,38], cytomegalovirus [39], human
herpesvirus 6-8 [40—42] or bacteria such as mycoplasma [43]) trigger ME/CFS and may
reactivate under various conditions, thereby inducing inflammation and immune dys-
regulation [36]. In comparison to healthy controls, patients who underwent a COVID-19
infection presented with dysregulated immune response (decreased T, B and NK cells
and increased inflammatory cytokines) [44], indicating that immune dysfunction plays
critical roles in disease progression [45]. Additionally, viral infections also lead to neuroin-
flammation with the activation of microglia and astrocytes, which leads to the release of
proinflammatory cytokines and chemokines [46]. Central cytokines and chemokines play a
role in inducing hyperalgesia and allodynia, while a sustained increase leads to chronic
widespread pain at several body locations, suggesting that neuroinflammation drives
widespread chronic pain through central sensitisation [47]. Therefore, neuroinflammation
is expected to play a role in persisting symptoms after COVID-19 infection as well [48,49].

In this survey, it was also revealed that the degree of functional limitations was
significantly associated with the degree of symptoms of central sensitisation. The PCFS
Scale measured the impact of symptoms on the functional status of patients after COVID-19
infection, whereby previous research already revealed a gradual increase in impairment
in work and usual activities and the intensity of symptoms from grade 2 to 4 on the
PCFS Scale [50]. The current study demonstrated gradual increases in symptoms of central
sensitisation in all grades (except death) of the PCFS Scale, ranging from no symptoms up to
severe functional limitations. Thus, it seems that patient-reported consequences of COVID-
19 and their effect on functional status are associated with symptoms of central sensitisation.
Furthermore, statistically significant negative correlations were found between PCFS Scale
score and EQS5D utility and VAS scores, indicating that a higher impact of symptoms on the
functional status of patients after a COVID-19 infection was associated with lower health-
related index scores and lower health-related quality of life. This correlation has also been
reported in patients with lumbar degenerative disorders, whereby the authors evaluated
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whether the EQ5D score could be derived from other currently used questionnaires with
negative (i.e., not accurate) results [51]. Therefore, it might be hypothesised that despite
the association between the PCFES Scale and health-related quality of life in patients post
COVID-19 infection, both questionnaires are evaluating different aspects and are not
interchangeable. The PCFS Scale could be used at the time of hospital discharge, and
to monitor functional status after hospital discharge [50], which could potentially help
clinicians to determine an appropriate treatment strategy at the early stages after COVID-19
infection [52]. Nevertheless, this only provides an indication about the functional status of
these patients, and not the health-related quality of life.

One of the limitations of this online survey is the unequal sex distribution with a
higher response rate of females compared to males. Male patients have higher odds
of requiring intensive treatment unit admission and higher odds of death compared to
females, although there is no difference in the proportion of males and females with
confirmed COVID-19 [53]. Nevertheless, it appeared that female post COVID-19 patients
were more likely to respond to this online survey than males. Additionally, patients who
were associated with a patient support group on social media and who were interested in
post COVID sequelae were more likely to receive the link to the survey, which may have
caused a selection bias. Moreover, the survey was only spread in the Flemish speaking
part of Belgium. Therefore, the results cannot be generalised towards all patients who
underwent a COVID-19 infection. Finally, in this survey, only one evaluation took place,
namely after infection with COVID-19. Other study designs with a longitudinal aspect
(for example a cohort study in 1000 respondents without symptoms) in which evaluations
are performed at several time points could have provided information about causality.
More information on existing comorbidities, medication use, the presence of structural
dysfunctions, psychological factors or severity of COVID-19 infection in addition to pre-
infection status should be recorded in future studies to evaluate their potential influence
on the relation between symptoms of central sensitisation and COVID-19 infection.

5. Conclusions

This online survey indicated the presence of symptoms of central sensitisation in a
sample of post COVID-19 infection patients. Moreover, the more functional limitations
due to COVID-19 infection, the higher the degree of symptoms of central sensitisation. The
results of this study suggest the need for multimodal rehabilitation and patient education
in patients after COVID-19 infection.
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Abstract: Reciprocal relationships between chronic musculoskeletal pain and various sleep distur-
bances are well established. The Pain and Sleep Questionnaire three-item index (PSQ-3) is a concise,
valid, and reliable patient-reported outcome measure (PROM) that directly evaluates how sleep
is affected by chronic low back pain (CLBP). Translation and cross-cultural validation of The Pain
and Sleep Questionnaire three-item index Finnish version (PSQ-3-FI) were conducted according
to established guidelines. The validation sample was 229 subjects, including 42 pain-free controls
and 187 subjects with chronic musculoskeletal pain. Our aims were to evaluate internal consistency,
test-retest reliability, measurement error, structural validity, convergent validity, and discriminative
validity and, furthermore, to study the relationships between dizziness, postural control on a force
plate, and objective sleep quality metrics and total PSQ-3-FI score. The PSQ-3-FI demonstrated good
internal consistency, excellent test-retest reliability, and small measurement error. Confirmatory
factor analysis confirmed acceptable fit indices to a one-factor model. Convergent validity indicated
fair to good correlation with pain history and well-established pain-related PROMs. The PSQ-3-FI
total score successfully distinguished between the groups with no pain, single-site pain, and multisite
pain. A higher prevalence of dizziness, more impaired postural control, and a general trend towards
poorer sleep quality were observed among subjects with higher PSQ-3-FI scores. Postural control
instability was more evident in eyes-open tests. The Finnish PSQ-3 translation was successfully
cross-culturally adapted and validated. The PSQ-3-FI appears to be a valid and reliable PROM for
the Finnish-speaking CLBP population. More widespread implementation of PSQ-3 would lead to
better understanding of the direct effects of pain on sleep.

Keywords: pain; chronic low back pain; sleep; questionnaire; cross-cultural validation; patient-reported
outcome measure; postural control; dizziness; actigraphy; sleep quality
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1. Introduction

Chronic low back pain (CLBP) is the leading disability globally [1]. More than half
of patients with CLBP experience various sleep disturbances, such as problems falling
asleep and staying asleep, waking up because of pain, difficulties getting back to sleep
after awakening, restless sleep, fatigue after sleeping, insomnia, and/or restless legs
syndrome [2,3]. Sleep disturbances have a fundamental effect on health and are associated
with mental disorders such as anxiety; depression; numerous chronic systemic metabolic,
cardiovascular, respiratory, and neurological diseases; and increased risk of certain types
of cancer [4-6], as well as negative effects on short-term, day-to-day function, and well-
being [7,8]. Reciprocal relationships between sleep disturbances and different chronic
musculoskeletal pain conditions have also been well-established [9-11]; thus, there is
a need for a concise, reliable, and valid patient-reported outcome measure (PROM) for
clinical assessments and research to measure the direct effects of pain on sleep.

The Pain and Sleep Questionnaire three-item index (PSQ-3), a three-question ques-
tionnaire, was developed in 2012 [12] to directly assess the impact of pain on sleep during
a one-week period. The three items are “1. How often have you had trouble falling asleep
because of pain?”, “2. How often have you been awakened by pain during the night?”, and
“3. How often have you been awakened by pain in the morning?”. The possible answers
range on a scale from 0 indicating “never” to 100 representing “always”. Previous valida-
tion of the PSQ-3 demonstrated good internal consistency and good structural validity for
a one-factor model, but doubtful convergence validity [12,13].

A 2018 systematic review of PROMs for clinical assessment of sleep quality among
patients with chronic pain reviewed twelve different questionnaires assessing sleep on six
different pain populations [13]. The PSQ-3 has been validated for the CLBP population [12]
and the Chronic Pain Sleep Inventory for patients with hip osteoarthritis [14]. Interestingly,
these PROMs appear essentially identical, as the Chronic Pain Sleep Inventory includes
three questions that are the same as the questions in the PSQ-3. There have been no
previous cross-cultural validations of the PSQ-3 or Chronic Pain Sleep Inventory. Overall,
only one cross-cultural validation has previously been performed for the twelve PROMs
for the effect of pain on sleep [13].

Sleep quality and disturbances have several significant effects on daytime functions,
such as increased postural control instability [15-17] and subjective symptoms such as
dizziness [18]. Postural control instability can be objectively studied using a force plate,
which is a mechanical sensing system designed to measure the ground reaction forces
and moments involved in postural control [19]. Diagnosis of dizziness is mostly based
on patient-reported symptoms, and there is no single objective clinical test to diagnose
or classify dizziness into different subtypes [20,21]. Due to previous studies showing
associations between sleep disturbances and postural control instability and dizziness, we
hypothesized that there may be potential relationships between higher PSQ-3 scores and
postural instability and an increased prevalence of subjective dizziness. Despite the known
effects of poor sleep on balance and vestibular function, the relationships between PSQ-3
scores and postural stability and subjective dizziness have never been formally explored.

Objective sleep quality can be directly assessed via actigraphy, which monitors activity
and rest cycles based on movement (accelerometer) data [22]. Sleep-wake patterns are
evaluated by determining activity counts using scoring algorithms [22,23]. Frequently
used measures of the continuity of sleep in various conditions include the total sleep time,
sleep efficiency, and amount and duration of awakenings [24]. Previous studies have
reported associations between various other pain—sleep questionnaires and actigraphy
measurements among subjects with chronic musculoskeletal pain [2,25,26]; however, the
relationship between actigraphy measurements and the PSQ-3 has not yet been studied.
Hence, actigraphy measurements were also included in this study.

The study aimed to translate and cross-culturally adapt the PSQ-3 into Finnish
(PSQ-3-FI) and to evaluate its reliability (internal consistency, test-retest reliability, and
measurement error), structural validity for a one-factor model, convergence validity (based
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on its correlation with pain history, prevalence of dizziness history, The Central Sensiti-
zation Inventory (CSI), The Tampa Scale of Kinesiophobia (TSK), The Depression Scale
(DEPS), the 5-level EQ-5D version of the EuroQol (EQ-5D-5L), and The Roland—Morris
Disability Questionnaire (RMDQ)), and discriminative validity. We also investigated the
relationships between the PSQ-3-FI and subjective dizziness, postural control on a force
plate and objective sleep quality.

2. Materials and Methods

Ethical approval for this study was obtained from the Research Ethics Committee of
the Northern Savo Hospital District (identification number, 1106/13.02.00/2018). Written
informed consent was obtained from all subjects before the study began, and the study
was conducted in accordance with the Declaration of Helsinki. This validation study
adhered, where applicable, to the Consensus-based Standards for the selection of health
Measurement Instruments (COSMIN) checklist to ensure the methodological quality of
studies on measurement instruments [27,28].

2.1. Study Subjects

The subjects for this study were recruited via advertisements on the website of the
private chiropractic practice where this study was performed, as well as the websites and
social media accounts of a variety of national Finnish musculoskeletal pain and spine-
related organizations and colleagues involved in healthcare. All subjects from the general
population who met the study inclusion criteria were invited to participate, regardless of
whether they experienced pain or not. The inclusion criteria were: (1) age 18 to 65 years old
and (2) proficient in written and spoken Finnish. The exclusion criteria were: (1) a history
of cancer or (2) a history of trauma or conditions involving the central nervous system,
including dementia, Alzheimer’s disease, and multiple sclerosis. A total of 257 subjects
provided informed consent to participate in the study and booked a clinical appointment
using the online booking system.

2.2. Translation and Cross-Cultural Adaptation of the PSQ-3

Translation and cross-cultural validation of the Finnish CSI were conducted following
standard guidelines and included forward-backward translation [29]. Permission to trans-
late the PSQ-3 into Finnish was granted by the first author of the study, who identified
the one-factor structure of the PSQ-3 [12]. The PSQ-3 was initially translated from English
into Finnish by the first author (JM; completed undergraduate and postgraduate degrees
in English-speaking countries) and a professional translator specializing in medical and
healthcare texts, both of whom are native Finnish speakers and were blinded to the other’s
translations. Then, an expert panel composed of the second (VL) and third (HL) authors
independently reviewed the initial translations, selected the most appropriate translations,
and suggested and discussed changes for one item with the first author. A small number
of minor changes in wording were made. Next, the translated version was back-translated
by another native English-speaking professional translator who is fluent in Finnish; this
translator was naive to the purpose of this study and the PSQ-3. The backtranslation was
assessed and approved by the author of the original English version of the PSQ-3, who is a
native English speaker, and some final changes in the wording of the content were made.

Finally, the face validity of the provisional PSQ-3-FI was assessed among twenty
subjects with chronic musculoskeletal pain, who were informed of the purpose of this study
and were requested to provide non-structured verbal or written feedback on each item on
the provisional PSQ-3-FI. All subjects provided positive feedback on their comprehension
of each of the items of the PSQ-3-FI and completed the questionnaire without difficulties.
The Finnish version of PSQ-3 can be found in Appendix A.
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2.3. Data Collection

Data were collected from May 2019 until March 2020 at a single private chiroprac-
tic practice. During each individual’s clinical visit, objective clinical measurements of
postural control were obtained using a force plate. After returning home, subjects were
instructed to complete an online web-based form to collect demographic information (age,
gender, weight, height, and pain history) and to fill in clinical questionnaires, including
the PSQ-3-FI. During the data analysis phase, body mass index was calculated for each
subject based on their self-reported height and weight. The total sample size for PSQ-3-FI
validation was determined by the ratio of the number of items in each measure, which was
76.7 and hence exceeded recommended range from 2 to 20 items in each measure [30]. To
assess test—retest reliability, the subjects were emailed and invited to complete the PSQ-3-FI
again 7 + 1 days after completing the initial questionnaires. The email invitations were
stopped after 104 subjects had completed the PSQ-3-FI twice. The ratio of the number of
items in each measure to the sample size for evaluating test-retest reliability was 1:34.7.
Therefore, the recommended 1:5 ratio was satisfied [31]. All test-retest participants were
asked to avoid starting any new types of pain medication and/or physical treatment,
when ethically possible, during the 7 + 1-day gap between administration of the tests.
Actigraphy data were collected between December 2019 to March 2020 and August 2020 to
November 2020; 24 h actigraphy data were always collected from a Tuesday afternoon until
the next Wednesday. The break in actigraphy data collection was due to the COVID-19
outbreak in Finland.

2.3.1. Subject-Reported Pain History Questions

Each subject completed a structured web-based pain history, which asked dichoto-
mous (yes/no) questions related to the presence of chronic low back pain, referred pain to
leg or leg pain (if “yes” to chronic low back), presence of other chronic musculoskeletal
pain, chronic headaches, and history of a rheumatic disease previously diagnosed by a
physician. Subjects who reported pain were also asked to rate the severity of their pain on
a numerical pain scale ranging from 0-10 and to indicate the duration of pain in months.

2.3.2. Patient-Reported Clinical Outcome Measures

The three-item PSQ-3 sleep questionnaire was designed to measure the impact of
chronic pain on sleep over the previous seven days [12]. The three questions are “1. How
often have you had trouble falling asleep because of pain?”, “2. How often have you been
awakened by pain during the night?”, and “3. How often have you been awakened by
pain in the morning?”. We translated these items into Finnish for this study. The original
PSQ-3 employed a visual analog scale that ranges from 0 to 100 mm. However, due to the
difficulty of representing a visual analog scale in a universal digital format, we adopted a
numerical eleven-point rating scale (NRPS) from 0 to 10 for the Finnish version. In both
the original and Finnish versions, 0 indicates “never” and 100 mm or 10 on the numerical
scale represents “always.” Thus, the final score for the PSQ-3-FI ranges from 0 to 30 rather
than 0 to 300.

The eleven-point numerical pain scale (NPRS) assesses pain on a scale ranging from 0
(no pain at all) to 10 (worst pain imaginable) [32]. Chronic pain was defined as more than
three days of pain every week for more than three months.

The Central Sensitization Inventory (CSI) questionnaire contains two parts [33]. Part
A is composed of 25 questions in which the frequency of CS-related symptomology is rated
on a Likert-like scale from 0 (never) to 4 (always). The total score ranges from 0 to 100;
higher scores indicate a higher frequency and number of CS-related symptoms. [34]. Part
B includes “No/Yes” and “year diagnosed” questions about previous diagnoses of ten
central sensitization syndromes or related diagnoses; Part B is not scored [35]. The CSI was
previously translated into Finnish and validated in the Finnish population [36].

The 17-item Tampa Scale of Kinesiophobia (TSK) is used to assess subjective kine-
siophobia (fear of movement). Each item is rated as: 1 = strongly disagree, 2 = disagree,
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3 = agree, or 4 = strongly agree. The possible scores range from 17 to 68; higher scores
indicate more severe kinesiophobia [37]. The TSK was previously translated into Finnish
and validated in the Finnish population [38].

The 10-item Depression Scale (DEPS) was designed to assess depressive symptoms.
Each item response is rated on a four-point Likert scale as: 0 = not at all, 1 = a little,
2 = quite a lot, or 3 = extremely. Higher scores (range, 0 and 30) indicate a higher possibility
of a diagnosis of a major depressive disorder [39]. The DEPS has been validated for patients
with CLBP [40].

Health-related quality of life was assessed using the Finnish translation of the 5-level
EQ-5D version of the EuroQol (EQ-5D-5L) questionnaire [41], which provides a simple
descriptive profile of a respondent’s health status over five dimensions: mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression. Each dimension is rated as:
0 = no problems, 1 = slight problems, 2 = moderate problems, 3 = severe problems, or
4 = unable to/extreme problems. The EQ-5D-5L also includes the EQ visual analog scale
(EQ VAS), which assesses the respondent’s current overall health status using a visual,
vertical analog scale that ranges from 0 (dead) to 1 (full health) [41]. The index value
between 0 and 1 is calculated. A standard value set has not yet been defined for the Finnish
population; therefore, as recommended by the EuroQol EQ-5D-5L User Guide, the index
values for this study were calculated using a Danish value set [42].

The 24-item Roland-Morris Disability Questionnaire (RMDQ) is an extensively val-
idated questionnaire of disability among patients with chronic low back pain [43]. The
RMDQ score is obtained by summing up the number of low-back-pain-related daily activity
disabilities to which the respondents check “yes”. A higher total score (range, 0 to 24)
suggests a higher extent of low back pain related-disability [44].

2.3.3. Subjective Dizziness Structured Interview

In agreement with the literature, where dizziness is based on symptoms rather than a
clinical diagnosis of a specific vestibular or neuromusculoskeletal condition [45], structured
interviews were conducted during the clinical visit to assess the subject’s history of dizzi-
ness in the previous year. The questions were “Do you suffer dizziness at the moment?
Have you suffered dizziness during the last 12 months? Dizziness means an abnormal
sensation causing disability for more than one day, which is not the same as normal brief
light-headedness when standing up quickly”. We asked further questions to all subjects
who had experienced dizziness resulting in disability that had persisted for more than 24 h
(n = 52; 23%) to classify the symptoms of dizziness into seven categories: 1. off balance
or unsteadiness, 2. Light-headedness, 3. feeling as if passing out, 4. spinning or vertigo,
5. floating or tilting sensation, 6. blurring of vision when moving the head, or 7. other
types. This classification was based on recent dizziness subtype research [45].

2.3.4. Clinical Tests of Postural Control Using a Force Plate

The cohort of subjects who reported pain was divided into two groups according to
their PSQ-3-FI score. As there are no established PSQ-3 cut-off scores for different severity
classes of the effect of pain on sleep, we classified the subjects on two groups based on a
PSQ-3-FI score of 4 or less (cumulative 48%; n = 110) or a score of 5 or more (cumulative
52%; n =119).

Postural stability was measured with a four-channel portable computerized force
plate (BT4; HUR Labs Oy, Tampere, Finland). As the subjects completed the questionnaires
after their clinical visit, the assessor was blinded to the participants’ pain history and
questionnaire scores. Postural control measurements included length, area, and velocity of
center of pressure (COP) displacement, which are the most commonly used parameters for
postural control in previous quality of sleep and postural control-related studies [15,16].
Various postural control parameters describe the neuromuscular response to shifts in the
body’s center of mass measured on the force plate [19].
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The postural control tests were carried out in the same room under identical conditions
for all subjects, including the distance to the opposite wall and lighting. The force plate
was calibrated before each individual’s measurement. All subjects were instructed to stand
barefoot, with their feet as close together as comfortably possible. If the subjects found
this stance unnatural, they were instructed to place their feet farther apart to create a more
stable and natural-feeling standing stance. Small variations in foot stance should not affect
the results of bipedal balance tests [46]. The subjects were instructed to look straight ahead
and try to maintain a steady posture in a relaxed manner, with their arms at their sides in
a relaxed position. There was no clear fixation point for gaze, and the opposite wall was
more than three meters away.

Four postural control tests were carried out in the same non-randomized order: eyes
open on a stable surface (EOS), eyes closed on a stable surface (ECS), eyes open on an
unstable foam surface (EOU), and eyes closed on an unstable foam surface (ECU). The
protocol for the bipedal standing tests was similar to the Modified Clinical Test of Sensory
Interaction in balance (CTSIB-M) protocol, except each test lasted 60 s and was conducted
once. Sixty seconds is the most commonly used measurement time for the bipedal standing
test for the CLBP population [47]. The CTSIB-M has been shown to be a reliable, valid test
in adults with vestibular disorders [48]. No similar protocol has been recommended or
validated for the CLBP population [49]. A five-second pre-phase period was employed
before the actual COP measurement of 60 s. Additionally, there was a short designated
resting period between each test, when the instructions for the next test were repeated,
and the subjects had to step off the postural plate between the second and third tests
to allow the balance pad to be placed on the plate. The sampling frequency was set to
50 Hz, as recommended by the manufacturer, to obtain a balance between consistent data
acquisition and manageable data size. A rectangular, high-density (50 kg/m?) closed-cell
Airex Balance Pad (delivered by the manufacturer with the force plate) was used in all tests
requiring a foam surface to provide an unstable surface.

2.3.5. Sleep Quality Recordings

Sleep activity was measured with a ActiGraph GT9X link research-grade activity
bracelet (ActiGraph LLC., Pensacola, FL, USA) over 24 h and the data were analyzed with
Actilife 6.0 analysis software (ActiGraph LLC., USA). The following five parameters were
selected to represent sleep quality: 1. total sleep time, 2. sleep efficiency, i.e., the ratio
between the total sleep time and time spent in bed, 3. the number of awakenings lasting
more than one minute, 4. average awakening length, and 5. the number of awakenings
greater than or equal to five minutes.

PSQ-3 validation data were collected simultaneously with data for validation of the
Finnish version of the CSIL. The subjects with the lowest and highest CSI and PSQ-3-FI
scores were also invited to participate in this study. The recruitment process was stopped
when the required 40 subjects were recruited and both groups included an almost equal
number of subjects. The recruited subjects were divided into two groups based on their
PSQ-3 scores: (1) a group with PSQ-3 scores <4 (n = 19) and (2) a group with scores >5
(n =21). Similar numbers of subjects were assessed in previous studies of comparable
subject cohorts to compare activity measures between two groups [50,51].

2.4. Statistical Methods

Statistical analysis was performed using SPSS version 25 (IBM SPSS Statistics for
Windows, Version 25.0. IBM Corp., Armonk, NY, USA), R statistical software version 4.0.4
was used for factor analysis, and sleep quality analysis was conducted using MATLAB
(R2019b, MathWorks, Natick, MA, USA). Statistical significance was defined as p < 0.05.
Data are reported as percentages or means with standard deviations (mean £ SD). Cron-
bach’s alpha was used to assess internal consistency; an alpha value between 0.70 and 0.90
was considered good, and higher than 0.90 was considered excellent. Test-retest reliability
was calculated by determining the intraclass correlation coefficient (ICC) for the second
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PSQ-3-FI administration 7 &= 1 days later. ICC values < 0.40 are considered to indicate
fair reliability; 0.41-0.60, moderate reliability; 0.61-0.80, substantial reliability; and >0.81,
excellent reliability. ICCs are reported with 95% confidence intervals (CI). Standard error
of measurement (SEM) was calculated using the formula standard deviation X square root
(1-ICC), where SD = the standard deviation for the change in PSQ-3 score from baseline
to second administration. The smallest detectable change (SDC) was calculated using the
formula SEM x 2. Confirmatory factor analysis (CFA) with ordinal variables in a one-factor
model was used to investigate the validity of five variables with appropriate goodness-of-fit
indices. Spearman’s correlation coefficients were used to investigate the convergent validity
of the PSQ-3-FI by calculating the associations between total PSQ-3-FI scores and the scores
on the CSI, TSK, DEPS, EQ-5D-5L, RMDQ), and pain history questions. The strengths of the
correlations were interpreted as little or no correlation (Rs < 0.25), fair (0.25 > Rs < 0.50),
moderate to good (0.50 > Rs < 0.75), or good to excellent (Rs > 0.75). The normality of
the data was assessed using the Shapiro-Wilks and Kolmogorov—-Smirnov tests. Group
comparisons for normally distributed variables were performed using two-sample t-tests or
repeated-measures ANOVA followed by the post hoc least significant difference (LSD) test.
Categorical variables were compared using Fisher’s exact tests. The minimum required
sample size for postural control comparison between groups was calculated with average
means and estimated standard deviation from the review comparing pain-free controls
and subjects with low back pain [47]. The two-tailed hypothesis was calculated on two
independent study groups with 0.05 probability of type I error, 0.80 effect size, and 0.8
statistical power. The calculation revealed that at least 25 subjects had to be included in
each group.

3. Results
3.1. Total Sample

There were no missing items in the data, as the electronic questionnaires automatically
reminded the respondents if any items were missing.

Three subjects were excluded because they did not complete the study questionnaires
as instructed during the clinical appointments. Five additional subjects were excluded as
they had clear signs and symptoms of undiagnosed neurological pathological conditions
affecting the central nervous system. Thus, the total number of participants included in
this study was 249 (67 males and 162 females). Twenty of these participants only provided
feedback on the face validity of the Finnish translation of the PSQ-3, and 229 subjects
completed the psychometric validation portion of the study. The age range of the subjects
was 20 to 65 years old (mean + SD; 44.5 + 11.7), and body mass index ranged from 25.6 to
45.2 (mean =+ SD; 25.6 £ 4.8). The total cohort was divided into different subsamples for
various analyses to test discriminative ability, postural control on the force plate, and sleep
quality via actigraphy. The flow chart of subject recruitment and assessment is shown in
Figure 1.

3.2. Reliability

Internal consistency (Cronbach’s alpha) was good (0.83 and ICC 0.61; 95% CI 0.55-0.68)
and the ICC indicated test-retest reliability was excellent (0.91 and ICC 0.62; 95% CI
0.54-0.70). The inter-item correlation was 0.56 between items one and two, 0.73 between
items two and three, and 0.53 between items one and three. The SEM for the change in
PSQ-3 score between baseline and the second administration was calculated to be 1.28 and
the SDC was 2.56. Details of the PSQ-3 scores and reliability data are presented in Table 1.

3.3. Structure Validation

The Kaiser-Meyer—Olkin measure (0.68) and Bartlett’s test of sphericity (p < 0.001)
indicated that factor analysis was appropriate for this study sample. CFA analysis was
carried out with ordinal variables to evaluate the fit of the indices to a one-factor model. As
the PSQ-3 is a three-item PROM, the minimum number of items required for a one-factor
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model, no other factor model was considered. Additionally, the ratio of items per subject
(1:76) exceeded the minimum ratio required (1:10) [52,53]. The recommended values for
the fit indices and the CFA values for the one-factor model are presented in Table 2.

Agreed to participate in
the study
N =257

Used only for assessment
of face validity of the CSI-

! FIN=20
Participated in data
collection, including
postural control tests and
study questionnaires Excluded N = 8

N =237

5 undiagnosed central
nervous system conditions
3 did not complete all the
study questionnaires

Final sample used for the
psychometric evaluation
of the PSQ-3-FI N = 229

Subjects divided into Subgroup (N=40) subjects
three subgroups for Subjects divided in two divided in two subgroups
assessment of subgroups based on PSQ-3- based on PSQ-3-Fl total
discriminant validity: Fl total scores for the scores for the objective
purpose of postural control sleep quality assessment:
Pain free control subjects assessment:

N=42 PSQ-3-FI<4 N=21
PSQ-3-FI <4 N =110
Single body area chronic PSQ-3-FI 25 group N = 19

pain N =79 PSQ-3-FI 25 group N = 119

Multisite chronic pain
N =108

Figure 1. Flow chart of subjects.

Table 1. Mean Pain and Sleep Questionnaire three-item index (PSQ-3-FI) scores.

Question Item Mean (95% CI) Range ICC
1 HOW often have you had trogble 25(21-2.8) 0-9 0.55
falling asleep because of pain?
How often have you been awakened
2 by pain during the night? 24(20-28) 0-10 0.52
3 How often }}avie you been .awakened 2.0 (1.7-2.4) 0-10 0.74
by pain in the morning?
Total 6.9 (6.0-7.8) 0-32 0.61

Confidence interval (CI); Intraclass correlation (ICC).
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Table 2. Confirmatory factor analysis fit indices for the one-factor model.

Fit Index Recommended Value Value N(:étz;etl:;]eﬂe/
Chi-Square >0.05 p-value, 0.041 Not acceptable
CFI >0.95 0.985 Acceptable
TLI >0.95 0.978 Acceptable
SRMR <0.08 0.07 Acceptable

Comparative fit index (CFI); Tucker-Lewis index (TLI); Root mean square error of approximation (RMSEA);
Standardized Root Mean Square Residual (SRMR).

3.4. Convergent Validity of the PSQ-3-FI

As shown in Table 3, fair to good correlations were observed between the PSQ-3-FI and
the Tampa Scale of Kinesiophobia, the Depression scale, and the 5-level EQ-5D. Moderate
to good correlations were obtained between the PSQ-3-FI and the Roland-Morris disability
questionnaire and Central Sensitization Inventory.

Table 3. Correlations between total PSQ-3-FI scores and subject-reported outcome measures, history,
and postural control test parameters (1 = 229).

Clinical Variables Correlation (p) with PSQ-3 Total Score
Subject-reported outcome measures
Tampa scale of kinesiophobia (TSK) 0.41*
Depression scale (DEPS) 0.305 *
The Roland-Morris disability questionnaire 0.54 **
(RMDQ)
The Central Sensitization Inventory (CSI) 0.51 **
EuroQol The 5-level EQ-5D version (EQ-5D-5L) —0.44 %
History
Chronic low back pain 0.39 *
Pain referral to leg 0.32*
Other chronic musculoskeletal pain 031*
Numerical pain scale 0.50 *
Pain duration in months 0.33*
Chronic headache 0.18
Dizziness in past 12 months 0.16
Postural control EOS
Length of sway 0.13
Area of sway 0.13
Velocity of sway 0.13
Postural control ECS
Length of sway 0.08
Area of sway 0.20
Velocity of sway 0.08

209



J. Clin. Med. 2021, 10, 4887

Table 3. Cont.

Clinical Variables Correlation (p) with PSQ-3 Total Score

Postural control EOU

Length of sway 0.12
Area of sway 0.19
Velocity of sway 0.12
Postural control ECU
Length of sway 0.02
Area of sway 0.14
Velocity of sway 0.02

The Spearman’s rank correlation coefficient (p). Little or no correlation (p < 0.25), fair correlation (0.25 > p < 0.50)
*, moderate to good correlation (0.50 > p < 0.75) **. Eyes open on a stable surface (EOS); eyes closed on a stable
surface (ECS); eyes open on an unstable foam surface (EOU); eyes closed on an unstable foam surface (ECU).

3.5. Discriminative Validity of the PSQ-3-FI

Of the total of 229 subjects, 42 (18.7%) reported no pain and were categorized as a
control group. Specifically, the pain-free control subjects reported no CLBP, no radicular
pain, a score of 0/10 on the pain scale, 0 months of pain history, no other chronic mus-
culoskeletal pain, and no chronic headaches. The remainder of the subjects (187; 81.3%)
reported chronic pain, of whom 161 (86%) reported CLBP. No subjects reported acute or
subacute pain. Of the 187 subjects with chronic pain, 79 (34%) reported pain in a single
body area only (CLBP group without leg referral or other chronic musculoskeletal pain
or chronic headaches), and 108 (47%) reported multisite chronic pain (two or more of
the following: CLBP with or without radiculopathy, other chronic musculoskeletal pain,
and/or chronic headaches).

The comparisons of the demographics and clinical features of the groups presented
in Table 4 revealed statistically significant differences in the PSQ-3-FI score between the
pain-free control group, single chronic pain group, and multisite chronic pain group.

Table 4. Demographics and discriminative validity of the PSQ-3 among the three subgroups (n = 229).

Multisite Pain (Two

Pain-Free Control C'hromc Painin a or More Chronic p-Value One-Way Comparison between
Single Body Area . . Three Groups;
Pain Locations) ANOVA
(n=179) _ Post Hoc LSD
(n =108)
Age (years) 40.2 +10.6 445+ 11.6 46.1 +£12.0 0.02* b (0.005 *)
Male/female * *
(n/n) 31/48 23/85 0.03 ¢ (0.008 )
Height (cm) 171.3 £ 8.2 1726 +£9.9 170.1 £9.2 0.18
Weight (kg) 76.6 =159 76.1 £19.3 744 +154 0.71
BMI 26.0 +4.8 252 +4.8 258 +49 0.66
a (0.01%)
PSQ-3-FI 20+3.6 6.2+ 6.6 93+74 <0.001 * b (<0.001 *)
c(0.01%)

One-Way ANOVA post hoc comparison based on Fisher’s Least Significant Difference (LSD). Statistical significance, p < 0.05 *. Comparison
between control group without pain and single body area pain (a), between the control group without pain and multisite pain (b), and
between single body area pain and multisite pain (c). Body mass index (BMI).

3.6. PSQ-3-FI Score Subgroups

The total cohort was divided into two subgroups according to PSQ-3-FI score, namely
<4 (48%; n = 110) or >5 (52%; n = 119). The only significant demographic difference
between these groups was age, with the >5 subgroup being older (mean £ SD; 42.6 & 10.9
vs. mean £ SD; 46.2 £ 12.2; p = 0.03). None of the subjects reported dizziness at the same
time the postural control tests were carried out.
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In the PSQ-3-FI score < 4 group, 18 subjects reported dizziness and 92 reported no
dizziness (dizziness:no dizziness ratio: 1:5.1) over the previous 12 months. In the PSQ-3-FI
score > 5 group, 34 subjects reported dizziness and 84 reported no dizziness (ratio: 1:2.4)
over the previous 12 months. Group comparisons showed the prevalence of dizziness was
significantly higher (p = 0.03) in the higher PSQ-3-FI score group. The subtypes of dizziness
were classified into seven classifications (Table 5).

Table 5. Comparison of the PSQ-3-FI score < 4 and > 5 groups (n = 229).

PSQ-3-FI < 4 PSQ-3-FI > 5

(n = 110) (n =119) p-Value
Age (years) 42.6 £11.0 462 £12.2 0.02*
Height (cm) 171.1 £ 8.8 1713 £9.8 0.85
Weight (kg) 743 +£15.3 76.4 +18.3 0.34
BMI 253 +47 259 £5.0 0.33
PSQ-3-FI 1.22+14 121+6.1 0.001 *
Male/female (n/n) 35/75 32/87 0.47
Dizziness in past 12 months, no/yes 92/18 85/34 0.03 *
Dizziness subtypes, 1 (%)
1. Off balance or unsteadiness 4 (22%) 2 (6%)
2. Light-headedness 7 (40%) 5 (15%)
3. Feeling as if passing out 0 8 (24%)
4. Spinning or vertigo 2 (10%) 4 (12%)
5. Floating or tilting sensation 5 (28%) 12 (34%)
6. Blurring of vision when moving the head 0 3 (9%)
7. Other 0 0

One-Way ANOVA and Fisher’s exact tests; statistical significance, p < 0.05 *. Body mass index (BMI).

The results of postural control tests on the force plate for the PSQ-3-FI score < 4
or > 5 groups are compared in Table 6. The higher-score PSQ-3-FI group consistently
exhibited (in 12 out of 12 tests) greater postural control impairment, with significant
differences observed between the two PSQ-3 groups in the majority (7/12; 58%) of tests.
Significant differences were observed between groups for all tests performed with eyes
open (6/6; 100%). The only significant difference between groups in eyes-closed tests was
observed on the stable surface (Figure 2).

Table 6. Postural control on the force plate for the PSQ-3-FI score < 4 and > 5 groups (1 = 229).

Test PSQ-3 Group Mean + SD p-Value
Length of sway (mm)
EOS <4 547 £ 150
0.048 *
>5 592 £ 186
ECS <4 891 £ 452
0.34
>5 940 £ 349
EOU <4 826 + 220
0.04*
>5 860 =+ 240
ECU <4 1794 + 645
0.80
>5 1805 =+ 638
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Table 6. Cont.

Test PSQ-3 Group Mean + SD p-Value
Area of sway (mm?)
EOS <4 258 + 138
0.04 *
>5 303 £ 178
ECS <4 364 £ 253
0.002 *
>5 503 + 383
EOU <4 438 + 218
0.012 *
>5 518 £ 260
ECU <4 1029 £ 540
0.08
>5 1170 % 659
Velocity of sway (mm/s)
EOS <4 9.1+25
0.048 *
>5 99 +£31
ECS <4 149+75
0.35
>5 15.7 £ 5.8
EOU <4 13.8 £3.7
0.036 *
>5 149 +£4.2
ECU <4 29.9 £10.7
0.802
>5 30.3 +10.6

Eyes open on a stable surface (EOS); eyes closed on a stable surface (ECS); eyes open on an unstable foam surface
(EOU); eyes closed on an unstable foam surface (ECU). Repeated measures ANOVA and post hoc Least Significant
Difference (LSD); statistical significance, p < 0.05 *.

Length of sway

—— PSQ-3groups4
1800 mm

— - - PSQ-3group 25

1500 mm

1200 mm

900 mm

600 mm

1=EOS 2=ECS 3=E0U 4 =ECU

Area of sway

— PSQ-3 group st
1250 mm? 1 - — - PSQ-3 group 25

1000 mm*
750 mm*

500 mm?*

250 mm*

1=EOS 2=ECS 3=E0QU 4 =ECU

Figure 2. Cont.
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Velocity of sway

—— PSQ-3 group <4
35mm/s

—— = PSQ-3 group =5

30 mm/s

25 mm/s

20 mm/s

15 mm*

10 mm*

1=EO0S 2 =ECS 3=E0U 4 =ECU

Eyes open on a stable surface (EOS), eyes closed on a stable surface (ECS) , eyes open on an unstable foam surface (EOU), eyes closed on an unstable foam surface (ECU).

Error bars: 95% CI. Statistical significance p=0.05*

Figure 2. Postural control on PSQ-3-FI groups score <4 or >5 groups (1 = 229).

3.7. Objective Sleep Quality

The parameters representing sleep quality are presented in Table 7 for the lower and
higher PSQ-3-FI score groups. The average awakening length was longer in the group with
higher PSQ-3-FI score (PSQ-3-FI > 5) compared to the group with lower PSQ-3-FI score.
The other four sleep quality parameters, total sleep time, sleep efficiency, and number of
awakenings lasting more than one of five minutes, were not significantly different between
the groups with higher and lower PSQ-3 scores.

Table 7. Sleep quality measures based on actigraphy for the PSQ-3-FI score < 4 and > 5 groups (1 = 40).

R A

Age (years) 416+ 122 519 £ 10.8 0.008 *
Height (cm) 170.5 £ 8.23 169.7 £ 7.6 0.77
Weight (kg) 74.6 £14.1 742 £125 0.93
BMI 25.6 + 3.8 258 £ 4.2 0.87

PSQ-3-FI 1.6 £19 126 £7.1 0.001 *
Male/female (n/n) 6/15 0/19 0.02 *
Total sleep time (min) 401.8 £ 58.7 3934+ 777 0.70
Sleep efficiency (%) 86.1 +4.1 835+74 0.18
Number of Awakenings > 1 min 22.8 £ 8.0 22.6 £10.6 0.94
Average awakening length (min) 26+07 33+12 0.03 *
Number of awakenings > 5 min 43+3.0 58 £3.6 0.16

Statistical significance, p < 0.05 *.

4. Discussion

The reciprocal relationship between pain affecting sleep—and disturbances to sleep
affecting pain—is well-established [2-5,9-11]. However, the PSQ-3 is the only PROM for
directly assessing pain-sleep interactions in the CLBP population [13]. It appears that the
study of the direct sleep—pain interaction is neglected in almost all clinical musculoskeletal
chronic pain studies, and the short, reliable, valid PSQ-3 has not been widely used in
clinical assessment or research. This might be because there are quite a large number of
similar, but improperly validated pain—sleep PROMs [13]. Additionally, clinical studies
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on CLBP over the last decades have paid little attention to the assessment and outcome
measurements for sleep [54,55].

The results of this validation reveal the acceptable measurement properties of the
PSQ-3 for the CLBP population; therefore, we propose a more widespread implementation
of the PSQ-3 for clinical assessments, and research will enable the measurement of the direct
effect of pain on sleep. Moreover, a meta-analysis published in 2018 lends further clinical
validity to the items of the PSQ-3, as gold-standard objective polysomnographic measures
of sleep among a population with chronic musculoskeletal pain syndromes concluded
these individuals “experience significant sleep disturbances, particularly concerning sleep
initiation and maintenance” [3], which are the exact features measured by the PSQ-3 [12].

4.1. Reliability

Internal consistency (Cronbach’s alpha) indicates how well PROM items correlate
with and predict each other. The total inter-item correlation and prediction for the PSQ-3-FI
were rated as good (0.83) and single inter-item correlations were moderate to good. The
highest correlation was observed between items “2. How often have you been awakened
by pain during the night?” and “3. How often have you been awakened by pain in the
morning?”. Moreover, test-retest reliability was excellent (0.91). Interestingly, the PSQ-3
questions consider symptoms over the previous week, which is identical to the test-retest
evaluation timeframe (7 & 1 days). Hence, we conclude that symptom recall over one
week appears to be a reliable timeframe for the majority of the subjects in this study. The
inter-item correlation between items one and two was 0.56, 0.73 between items two and
three, and 0.53 between items one and three; these values compare well with the English
version, for which the inter-item correlations were 0.65, 0.73, and 0.58, respectively [12].
The SEM value indicates the likelihood of a “true” score that represents a reliable score
without any fluctuations due to systematic and random factors related to the measurement
process. The general rule is that lower SEM values indicate higher reliability and more
confidence that the score has been measured accurately. The SDC is defined as the change
in the instrument’s score beyond measurement error [56]. The SEM value of 1.28 and SDC
value of 2.56 indicate that the results were measured fairly accurately, without fluctuations
due to systemic or random factors related to the measurement process. Based on the SDC,
we can be confident that the observed change is real, as a minimum change of 2.56 on
a scale from 0 to 10 needs to be observed. Internal consistency was 0.87 in the previous
PSQ-3 validation [12], in line with our value of 0.83. Test-retest reliability, SEM, and SDC
were not calculated in the previous validation [12]; hence, comparison of these values is
not possible.

4.2. Structure Validation

Model fit indices with CFA can be used for test to accept or refute the proposed factor
model [57]. Chi-Square, CFI, TLI, RMSEA, and SRMR are the most commonly reported
fit indices of CFA [58]. In our results, model fit indices showed acceptable fit indices
for a one-factor model, except for the Chi-Square test. However, it is well known that
the larger the sample size, the greater the chances of obtaining a statistically significant
Chi-square result [59]. Hence, rejection of the Chi-Square is probably due to the Chi-Square
test being insensitive to larger sample sizes as in this study. Overall, fit indices indicated an
acceptable fit for the one-factor model. CFI and TLI indicated a perfect fit compared to the
PSQ-3 English version, though the Chi-Square and RMSEA tests showed non-acceptable
fits. Overall, one-factor model also represented the best fit for the original version, where
the PSQ-3 was shortened to only include three items [12].

4.3. Convergent Validity

The relationship of PSQ-3-FI total score with PROMs showed a fair correlation of TSK,
EQ-5D-5L, and DEPS and moderate to good correlation with RMDQ and CSI. The DEPS
and CSI include questions that directly assess the quality of sleep [32,38]. In the previous
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validation of the PSQ-3, the Pain and Disability Index, Pain Intensity Questionnaire, and SF-
36 Short Form Health Survey pain-related questionnaires exhibited very similar correlations
with the total PSQ-3 score [12]. The total PSQ-3-FI scores showed a fair correlation with
pain duration in months and dichotomous yes/no answers on chronic low back pain, pain
referring to leg, other chronic musculoskeletal pain, and pain duration in months. Chronic
headache and dizziness in the past 12 months showed little or no correlation with PSQ-3-FI
total score. The numerical pain scale was the only dichotomous variable that showed
moderate to good correlation with the total PSQ-3 score. The tight correlation between
sleep quality and next-day pain intensity is well established, with previous studies showing
a clear relationship between poorer sleep and short-term increases in pain intensity in
patients with chronic pain [60,61]. The correlations with pain and disability PROMs were
generally at the same level in this study and the English version; however, quality of life
was better in this study. It must be noted that such comparisons are not reliable due to the
variability across the measurement properties of different PROMs.

4.4. Discriminative Validity

There are no previous studies of the discriminative validity of any PROMs that assess
the effect of pain on sleep [13]. However, the total PSQ-3-FI score could distinguish pain-
free controls, subjects with chronic pain in a single body area, and subjects with multisite
chronic pain. The factors leading to chronic pain are complex, with multiple contributors
leading to persistent symptoms [1]. Sleep quality and disturbances are one of the main
contributors to chronic musculoskeletal pain [10,11]. The significant discriminative ability
of the total PSQ-3-FI score to identify controls with no pain and the -ite and multisite
chronic pain groups is in line with previous research that showed clear relationships
between multisite pain and various sleep disturbances [62,63].

4.5. Relationships of PSQ-3-FI Score with Subjective Dizziness, Postural Control, and Sleep Quality

We observed a higher prevalence of dizziness in the higher PSQ-3-FI score group.
A single study that explored the relationship between sleep disturbances and dizziness
reported an increase in the prevalence of dizziness symptoms among subjects with a variety
of sleep disturbances (16).

We also found little total sample correlation but consistent relationships between the
PSQ-3-FI score and a range of postural control parameters, indicating poorer postural
control among the group with higher PSQ-3-FI score. Overall, greater postural instability
was observed during the more challenging eyes-closed rather than eyes-open conditions,
and more so on an unstable surface. These statistically significant intergroup differences
(PSQ-3-FI < 4 vs. PSQ-3-FI > 5) were observed in the majority of tests. Perhaps surprisingly,
significant differences between groups were observed for all eyes open tests, but in only
one of the six eyes-closed tests. This is especially surprising, as the majority of subjects
in our study were suffering from CLBP. Previous studies of the CLBP population have
shown a clear relationship between postural control impairments that are most marked
when the subject’s eyes are closed [64-66]. This clinical phenomenon is explained by
the sensory weighting theory of postural control, which suggests that somatosensory,
vestibular, and visual sensory information have mutual effects on postural control and
are weighted as a sum of parts [67]. Subjects with CLBP exhibit impaired somatosensory
information processing (the ability to feel through muscle, joint, and fascia-based sensory
receptors) and hence this sensory channel is “down-weighted” due to pain and associated
physical disabilities. Moreover, this altered sensory weighting causes increased postural
sway in eyes-closed tests due to an inability to compensate for impaired somatosensory
information using visual cues. Naturally, postural control is not simply just the sum of the
weighting of sensory information. Sensorimotor integration in the central nervous system
acts in conjunction with these raw sensory signals to ultimately govern postural control
in a context-dependent manner [68,69]. Sleep disturbances, such as sleep deprivation,
are well-known to negatively influence central nervous system processes across multiple
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cognitive [8], emotional [6], and motor functions [7], and in turn, vestibular pathologies can
induce sleep disturbances [17]. The reciprocal effect of sleep disturbances upon such motor
and cognitive processes may be one explanation for this seemingly paradoxical finding. In
contrast, there was just one significant difference between groups out of the six parameters
assessed under eyes-closed conditions. The fact that the higher PSQ-3 score group reported
significantly more dizziness symptoms argues in favor of such a reciprocal relationship
between vestibular dysfunction and sleep disturbances. Unfortunately, the mixed results
obtained after subgrouping dizziness into seven subtypes did not help to further elaborate
our findings.

Regarding sleep quality, the average awakening length was longer in the higher total
PSQ-3 score group than the lower total PSQ-3 score group. Only minor differences were
observed for the other sleep quality measurements, though there was a general trend
towards poorer sleep quality among the higher PSQ-3 score group. These differences
between groups (PSQ-3-FI < 4 vs. PSQ-3-FI > 5) may be affected to at least some degree by
the long administration period between the PSQ-3 and actigraphy, which could have been
up to 18 months. This was partly due to the COVID-19 outbreak in Finland, when data
collection was stopped for five months. PSQ-3 test-retest reliability was excellent over one
week; however, reliability may obviously vary after more than one year. Gender differences
may also evidently affect the group comparisons, as females generally exhibit better sleep
parameters in actigraphy [70]. The lower PSQ-3 score group contained 40% males and the
higher PSQ-3 score group did not include any males. Moreover, the group with higher PSQ-
3 score was, on average, more than ten years older than the lower-score group, which can
be theorized to have a counter-intergroup effect on the results, as sleep quality parameters
generally correlate negatively with aging [71]. Despite some limitations in relation to
the long administration time and gender differences between groups, actigraphy may
represent a relevant component of future pain-sleep PROM validations. Indeed, previous
studies reported similar general trends between higher PROM scores and poorer sleep
quality with other pain—sleep-related questionnaires (25, 26). We therefore conclude that
there is an evident trend towards poorer sleep quality among individuals with higher
PSQ-3-FI scores.

4.6. Strengths and Limitations
4.6.1. Strengths

Some strengths of this study include the very thorough validation of different mea-
surement properties of the PSQ-3, including cross-cultural validity, face validity, internal
consistency, test-retest reliability, measurement error, discriminant validity, and convergent
validity, as well as the adequate size of the subject cohort and control group. Furthermore,
the relationships between three novel measurements and PSQ-3 scores were investigated:
subjective symptoms of dizziness, postural control testing, and sleep quality by actigraphy.
Moreover, this is the first study to assess the exact effect of pain on sleep in relation to
postural control between two groups of subjects. As far as we are aware, this study is the
most comprehensive validation of any of the existing twelve PROMs that assess the effect
of pain on sleep [13].

4.6.2. Limitations

As with other studies of this kind, our results are based on a single cohort assessed at
a single clinic, so generalization to other subject populations should be made with caution.
All symptoms were self-reported, and pain reporting was limited by the items on a single
questionnaire. Actual medical diagnoses by a trained clinician were lacking. However, the
self-reported data from our subject sample showed no discrepancies or illogical patterns
of answers to suggest the results were invalid or had any considerable negative effects
on our findings. Furthermore, it should also be noted that diagnoses of different types of
musculoskeletal pain by trained clinicians are mostly based on patient self-reporting [72].
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The most notable data collection limitation was the rather long time period between PSQ-3
administration and actigraphy.

4.6.3. Suggestions for Further Research

Future studies could validate the PSQ-3 in different musculoskeletal pain populations,
such as individuals with neck pain and central sensitization syndromes such as fibromyal-
gia. Due to the high acceptable objective reliability of actigraphy for sleep parameters,
actigraphy could be more extensively implemented in future validations of the PSQ-3
among larger cohorts of subjects and over longer time periods. Naturally, the only path
towards more universal use of PSQ-3 is following cross-cultural validations.

5. Conclusions

The Finnish translation of the PSQ-3 was successfully cross-culturally adapted and
validated. The measurement properties of the PSQ-3-FI were all acceptable for the Finnish-
speaking CLBP population. Additional studies that implement the PSQ-3 as a short, valid,
reliable instrument for screening assessments and outcome measurements could lead to the
development of a better understanding of the direct effect of multifactorial musculoskeletal
pain on sleep.
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Appendix A. Finnish Version of the Pain and Sleep Questionnaire Three-Item Index
(PSQ-3-FI)

Kolmen Kohdan Kipu ja Uni -Kysely (PSQ-3

Muistellessasi viime viikkoa, kuinka kipu on vaikuttanut nukkumiseesi?

Vastaukset tulevat numeroasteikolla 0-10, jossa 0 = ei ikind ja 10 = aina. Merkitse rastilla.

1. Kuinka usein sinulla on ollut vaikeuksia nukahtaa kivun vuoksi?

ei ikina 0 1 2 3 4 5 6 7 8 9 10 aina

ei ikina 0 1 2 3 4 5 6 7 8 9 10 aina

ei ikinad 0 1 2 3 4 5 6 7 8 9 10 aina

Pistemaara: /30
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Abstract: We aimed to compare movement parameters and muscle activity during active cervical
spine movements between women with episodic or chronic migraine and asymptomatic control.
We also assessed the correlations between cervical movement measures with neck-related disability
and kinesiophobia. Women with episodic (n = 27; EM) or chronic (n = 27; CM) migraine and headache-
free controls (n = 27; CG) performed active cervical movements. Cervical range of motion, angular
velocity, and percentage of muscular activation were calculated in a blinded fashion. Compared to
CG, the EM and CM groups presented a reduced total range of motion (p < 0.05). Reduced mean
angular velocity of cervical movement was also observed in both EM and CM compared to CG
(p < 0.05). Total cervical range of motion and mean angular velocity showed weak correlations
with disability (r = —0.25 and —0.30, respectively; p < 0.05) and weak-to-moderate correlations with
kinesiophobia (r = —0.30 and —0.40, respectively; p < 0.05). No significant correlation was observed
between headache features and total cervical range of motion or mean angular velocity (p > 0.05). No
differences in the percentage of activation of both flexors and extensors cervical muscles during active
neck movements were seen (p > 0.05). In conclusion, episodic and chronic migraines were associated
with less mobility and less velocity of neck movements, without differences within muscle activity.
Neck disability and kinesiophobia are negative and weakly associated with cervical movement.

Keywords: headache; cervical spine; motion; chronic pain; musculoskeletal pain

1. Introduction

Migraine is a primary headache ranked as the second world cause of disability when
considered years living with disability [1]. Migraine diagnostic criteria are defined by
recurrent attacks lasting 4-72 h with headaches that are typically unilateral, pulsating,
moderate or severe intensity, aggravated by routine physical activity, and also associated
with nausea and/or photophobia and phonophobia [2].

Migraine is recognized as a complex clinical condition considering its variety of
symptoms and its range of comorbidities [3-5]. The association of migraine with neck pain
or with pain on manual examination of the upper cervical joints is one of these interactions
that might contribute to its clinical complexity, negatively influencing the impact, treatment,
and prognosis of migraine [4,6-8].

Reduced cervical range of motion (ROM) has been confirmed in patients with mi-
graines by the most updated meta-analyses [9,10]. The relationship of this reduced ROM
with the frequency of migraine attacks is still under debate. Some reports suggest that
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cervical ROM is only impaired in patients with chronic migraines [11,12], while others do
not support this [13-15]. Further, cervical ROM may also be affected by kinesiophobia
reported by patients with migraines [16,17], especially considering that individuals with
migraines frequently experience pain aggravation due to head movements during migraine
attacks [17]. Although it has not been previously analyzed in migraineurs, angular velocity
during cervical ROM is also a parameter for movement analysis that could contribute
to detecting sensorimotor alterations of the neck [18]. Previous studies have revealed a
reduced velocity of cervical movements in individuals with neck pain compared with
asymptomatic subjects [18-20].

Individuals with migraines also exhibit altered superficial muscle activity during
isometric contractions. Benatto et al. observed reduced extensor/flexor muscle activity
ratio during maximal voluntary isometric contractions in flexion in migraineurs compared
to healthy controls [21]. Furthermore, patients with chronic migraine also present higher
coactivation of neck extensors during isometric contraction in cervical flexion [22] and
a craniocervical flexion test [23] than healthy controls. However, to date, no study has
assessed cervical muscle activity during active neck movements in patients with migraines.

The current study aimed to assess kinematic data (cervical range of motion and
angular velocity) and muscle activity during active cervical ROM (flexion, extension,
lateral flexions, and rotations) comparing asymptomatic women with episodic or chronic
migraine sufferers. We also aimed to determine the correlation of the kinematic data with
neck-related disability and kinesiophobia. We hypothesized that women with migraines
would exhibit different kinematic patterns and muscle activity than headache-free controls.
A secondary hypothesis was that kinematic patterns would be associated with related-
disability and kinesiophobia in migraine women.

2. Materials and Methods
2.1. Participants Selection

Women aged between 18 and 55 were recruited from the local population between
January 2018 and August 2019 through advertisements via social media (Instagram®,
Facebook®) and local university radio. Potential participants were diagnosed by a neu-
rologist of a headache clinic for both migraine groups according to the third edition of
the International Headache Society criteria [2]. The episodic migraine group consisted of
women presenting 2 to 12 days of migraine attacks for at least three months [2]. Participants
who presented >15 days of headache attacks/month, which, on at least eight days/month,
had the features of migraine headache for more than three months, composed the chronic
migraine group [2]. Women without a history of frequent headaches composed the control
headache-free group. The previous history of neck pain was permitted in the control group.

Participants were excluded if they underwent anesthetic nerve block or received
physical therapy the previous year, history of degenerative cervical conditions, history of
trauma at the neck and face, or pregnancy. For participants within both migraine groups,
we also excluded those presenting with a second concomitant headache diagnosis (i.e.,
cervicogenic headache or tension-type headache) or those treated with botulinum toxin
or anesthetic blocks. The local ethics committee approved this study protocol (protocol
number 12145/2016), and all participants signed the written informed consent before their
inclusion.

2.2. Instrumentation

The Multi-Cervical Rehabilitation Unit (MCU) (BTE Technologies, Inc.™, Hanover,
USA) was used to assess active ROM. It is a fixed-frame device with a head assembly
system (movable inner and outer head brace). It also contains an adjustable parameter at
the seat to stabilize the individual and avoid compensations (Figure 1). The potentiometer
was calibrated daily by first setting the outer brace (transverse plane) at 0°, 90° rotation
to the left, and 90° to the right, and then by setting the inner brace (sagittal plane) at 0°,
100° flexion, and 100° extension. Measurement of the active ROM using this device has
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shown excellent reliability in people with neck pain and healthy participants (intraclass
correlation coefficient ranging from 0.81 to 0.96) [24].

N ‘
Figure 1. Representation of a participant’s position and stabilization on the Multi-Cervical Rehabili-
tation Unit (MCU).

Surface EMG was acquired using the Trigno™ Wireless System (CMRR of 80 dB, input
impedance exceeding 1000 (), Delsys Inc. Boston, MA, USA). Each Trigno sensor comprises
two parallel groups with two bars, each one (Ag-AgCl), with a fixed inter-electrode distance
of 10 mm. Myoelectric signals were acquired, digitalized, amplified (gain = 300), band-pass
filtered (20-450 Hz with 40 and 80 dB/dec), and sampled at 4 kHz per channel with a 16-bit
resolution A /D by software EMGworks Acquisition (Delsys Inc. Boston, MA, USA).

An A/D converter board (USB-1616HS-BNC; Measurement Computer Corporation,
Norton, MA, USA) was used to synchronize MCU and EMG data. The A /D converter board
digitalized the electrical signals from the potentiometer previously amplified (MKTC5-
10; MK Controle e Instrumentagao, Sao Paulo, Brazil). It also received inputs from the
Transistor-Transistor Logic (TTL) Trigger Module (Delsys Trigno; Delsys Inc. Boston, MA,
USA). The digitalized data from MCU and Trigger Module were relayed to a customized
MATLARB script and sampled at 2 kHz. The TrignoTM Wireless System and A /D converter
board were connected to an external power supply (12 V, 9 Ah, rechargeable, GetPower) to
avoid power grid noise.

2.3. Procedures

Clinical features of migraine, such as frequency of migraine episodes (days per month),
the intensity of migraine attacks (numerical pain rate scale (NPRS), 0-10), and years with
migraine were collected. Participants were also questioned about the self-rated presence of
neck pain and its characteristics, including frequency, intensity, and time of onset. Finally,
participants fulfilled the questionnaires Neck Disability Index (NDI) [25] and Tampa Scale
for Kinesiophobia (TSK) [26]. The NDI is a 10-item questionnaire widely used to assess neck
pain-related disability. Individual items are scored, and the total score can range from 0%
to 100% [27]. The NDI has excellent reliability (intraclass correlation coefficient 0.86) [28]
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and internal consistency (Cronbach alpha 0.87 to 0.92) [29]. The TSK is a questionnaire
with 17-items to assess kinesiophobia, with a total score ranging from 17 to 68 points [30].
This tool has suitable reliability (intraclass correlation coefficient 0.93) [26] and a suitable
correlation with depressive and catastrophic symptoms [30]. Subjects with TSK scores
>37 points are considered subjects with high fear [30].

Participants were assessed in a pain-free period for movement analysis by a trained
examiner blinded to the individual’s condition. The Trigno sensors were firmly fixed with
adhesive tape bilaterally after proper skin cleaning (cleaned with alcohol/trichotomized
when necessary). Electrodes were placed according to the standard instructions at the ster-
nocleidomastoid [31], anterior scalene [31], splenius capitis [32], and upper trapezius [33]
muscles. Participants were seated at MCU and fixed firmly with belts. They were asked
to perform three repetitions for each cervical movement: flexion, extension, left/right
lateral flexions, and left/right rotations in a random sequence. They were instructed to
complete the total movement in about 4 s, following audio feedback, in order to obtain
similar intervals and velocities to analyze EMG amplitude data. There was a 15 s interval
between the repetitions and a one-minute interval between each neck movement. The
presence of pain in the neck or the head was assessed using the NPRS immediately after
each measurement.

2.4. Data Processing

Data were analyzed using a custom MATLAB code (MathWorks, Natick, MA, USA).
Kinematic data were filtered with a 4th order low-pass filter with a cutoff frequency of
10 Hz. The peak angle determined maximal cervical ROM, and the angular velocity was
calculated based on the mean angular velocity from the beginning to peak angle. ROM
and mean angular velocity were reported for each movement separately to be consistent
with the EMG data report. However, we do not have biological plausibility to assume a
specific laterality restriction in patients with migraines. Moreover, reduced ROM has been
inconsistently reported for patients with migraines in all planes [9,10]. So, to provide a
reasonable variable for clinical application, we also reported: the sum of the six cervical
ROM, which will be named as total cervical ROM, and the average between the six angular
velocities named as the mean angular velocity of cervical movement.

Despite the time constraint to perform the active movements, there were still differ-
ences among groups at the mean angular velocity. Consequently, we were not able to
calculate the signal amplitude of the EMG [19,34]. EMG data were filtered with a 4th
order with band-pass filtering 10-950 Hz [35]. Onset muscles were determined when the
EMG signal exceeded a 2SD threshold from more than a 25 ms window. These thresholds
were determined visually after pilot trials based on recommendations of Hodges et al. [35].
A few trials in which we observed signal interference due to electrode movement were
excluded. Detection of the onset and offset of muscle activities during each movement
was then quantified in terms of percentage of activation duration to represent temporal
characteristics of the muscle activity [20]. A 100% activation indicates that the muscle was
active all the time [20].

2.5. Statistical Analysis

Normality of data was verified using the Shapiro-Wilk test and observation of residu-
als distribution on histograms. Means, standard deviations, and frequencies were calcu-
lated to describe the variables. Clinical and demographic data, cervical ROM, and angular
velocity were compared among the three groups using a one-way analysis of variance
(ANOVA) with a Bonferroni post hoc test. The frequency of self-reported neck pain was
compared among groups using the chi-square test. Pearson’s correlation was used to verify
the association of mean angular velocity of cervical movement and total cervical ROM with
headache features (years with migraine, frequency, and intensity), NDI, and TSK scores.
Correlation values less than 0.40 indicated a weak correlation, 0.40 to 0.69, moderate, and
more than 0.70, strong correlation [36].
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Comparison among control, episodic migraine, and chronic migraine groups were
performed first. In the case of any significant difference, analysis of subgroups considered
by the history of neck pain and the presence of pain during the active movements were
also carried out as covariates. For that, a two-way ANOVA with a Bonferroni post hoc test
was used.

Multivariate ANOVA was used to compare the percentage of activation duration of
all cervical muscles during each movement among groups.

SPSS software (version 20.0, SPSS Inc, Chicago, IL, USA) was used for all statistical
analyses adopting a significance level of 0.05.

3. Results
3.1. Demographics

Of 103 potential eligible individuals, 6 were excluded due to comorbid headache
diagnosis, 4 had a history of neck trauma, 2 had received recent anesthetic blocks, and
10 were unavailable to attend the evaluation. Accordingly, the final sample consisted of
27 women with episodic migraine, 27 women with chronic migraine, and 27 headache-free
women as controls.

All groups presented similar age (F2 g0) = 1.39 p = 0.26) and body mass index (F(» g0) = 0.94,
p = 0.40). Both episodic and chronic migraine groups exhibited greater prevalence of self-
reported neck pain (X? = 16.40, p < 0.001) than control group. Significant differences among
groups were observed for frequency of neck pain (F(p 45) = 3.42, p = 0.04), NDI (F(3 44) = 9.22,
p <0.001), and TSK (F g9) = 8.48, p < 0.001) scores. The chronic migraine group exhibited
higher frequency of neck pain than the episodic migraine group (p = 0.04), and higher
related disability than the control group (p < 0.001). The TSK scores were higher in both
episodic (p = 0.001) and chronic migraine groups (p = 0.004) when compared with the
control group (Table 1). High fear was identified in 15% of the control group (n = 4), 48% of
the episodic migraine group (1 = 13) and 52% of the chronic migraine group (n = 14).

Table 1. Mean, standard deviation, and frequency of sample sociodemographic characteristics and clinical features.

Control Group Episodic Migraine Chronic Migraine

(n=27) (n=27) (n=27)
Age (years) 31.2(9.17) 33.0 (9.05) 35.5 (10.27)
BMI (kg/cm?) 25.0 (4.00) 23.7 (3.89) 23.9 (2.95)
Years with migraine - 14.1 (8.33) 18.1 (11.55)
Migraine frequency (days/month) - 6.7 (3.29) 24.5 (5.66)
Migraine intensity (NPRS) - 7.6 (1.49) 8.0 (1.57)
Self-report of neck pain * 7 (25.9%) 18 (66.7%) 21 (77.8%)
Years with neck pain 3.6 (2.17) 9.2 (4.58) 8.4 (6.82)
Neck pain frequency (days/month) 13.9 (11.34) 12.5 (10.70) 20.5 (8.64) **
Neck pain intensity (NPRS) 44(1.27) 5.5(2.01) 5.8 (2.18)
NDI score 11.1 (11.65) 24.9 (11.58) 35.1 (14.66) *
TSK score 28.7 (7.53) 36.1(8.05) * 37.2(9.14)*

*p < 0.05 vs. control group; ** p < 0.05 vs. episodic migraine group; 1 chi-square test p < 0.05; BMI: body mass index; NPRS: numeric pain
rating scale; NDI: Neck Disability Index; TSK: Tampa Scale for Kinesiophobia.

3.2. Cervical ROM and Angular Velocity

Total cervical ROM differed among groups (F(y g0y = 5.61, p < 0.01). Lower ROM could
be observed for both episodic (mean difference: 30.52°, p = 0.01) and chronic migraine
(mean difference: 30.07°, p = 0.02) groups compared to controls. When the movements
were analyzed separately, differences were observed for left lateral flexion (F(, g9y = 5.05,
p =0.009), and right rotation. (F, gp) = 4.24, p = 0.02): chronic migraine women showed less
left lateral flexion than controls (p = 0.007), whereas episodic migraine women showed less
right rotation (p = 0.03, Table 2). Differences in right lateral flexion (F;gg) = 3.26, p = 0.04),
and left rotation (F(y,80) = 3.14. p = 0.04) were observed, but with no significant pairwise
comparisons after the adjustments for multiple comparisons were seen (p > 0.05, Table 2).
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No differences for flexion (F(yg0) = 1.38, p = 0.25), and extension (F(y,gp) = 3.11, p = 0.05,
Table 2) among the groups were observed.

Table 2. Mean and standard deviation of cervical range of motion angle and angular velocity.

Control Group Episodic Migraine Chronic Migraine
(n=27) (n=27) (n=27)

Cervical range of motion (degrees)
Total range of motion 310.7 (28.39) 280.21 (37.01) * 280.65 (47.39) *
Flexion 58.0 (6.91) 53.8 (7.68) 55.5 (12.68)
Extension 59.7 (7.49) 53.9 (9.71) 55.2 (9.59)
Right lateral flexion 51.6 (8.26) 46.3 (7.42) 46.6 (9.80)
Left lateral flexion 51.0 (7.68) 46.1 (8.26) 43.4 (10.53) *
Right rotation 73.0 (8.50) 65.1(9.29) * 65.9 (14.40)
Left rotation 68.9 (11.93) 61.3 (12.21) 60.7 (15.81)
Angular velocity (degrees/s)
Mean angular velocity of cervical moviment 26.60 (4.62) 22.67 (4.72) * 22.09 (5.84) *
Flexion 27.17 (5.43) 23.2 (5.07) 23.0 (7.34) *
Extension 25.33 (5.51) 22.7 (5.78) 22.2 (4.57)
Right lateral flexion 23.07 (5.31) 19.7 (4.90) 19.2 (5.80) *
Left lateral flexion 229 (5.77) 19.2 (5.10) 18.8 (6.13) *
Right rotation 304 (5.82) 26.2 (6.48) 26.4 (9.44)
Left rotation 30.7 (5.86) 25.0 (6.57) * 25.3 (8.04) *

*p <0.05 vs. control group.

Subgroup analysis considering the history of neck pain revealed a main effect of group
for the total range of motion (F(y,g9) = 4.19, p = 0.02), but no significant differences for the
history of neck pain or the interaction between group and neck pain (p > 0.05, Table S1).
When groups were stratified by the presence of neck pain during active movement, a group
* neck pain interaction was verified for neck flexion (Fp 75y = 3.18, p = 0.047, Table S2):
women with chronic migraine and neck pain during cervical motion present lower cervical
ROM than those with chronic migraine but without pain during cervical ROM (p = 0.02).
The chronic migraine group with neck pain during cervical ROM exhibited lower cervical
ROM than the control group with neck pain during cervical flexion (p = 0.04).

Mean angular velocity of cervical movement was different among groups (F(» g0) = 6.28,
p = 0.003). Both groups with migraine presented lower angular velocity than controls,
with a mean difference of 3.93° /s for episodic migraine (p = 0.02) and 4.51° /s for chronic
migraine (p < 0.01). When the movements were analyzed separately, angular velocity was
different in flexion (F2,g9) = 4.06, p = 0.02), right lateral flexion (F(2,g9) = 4.66, p = 0.01), left
lateral flexion (F(y gg) = 4.75, p = 0.01), and left rotation (F(p o) = 6.19, p = 0.003). Angular
velocity was reduced in chronic migraine as compared to controls for flexion (p = 0.04),
right (p = 0.01) and left (p = 0.01) lateral flexion (Table 2). Episodic (p = 0.01) and chronic
(p = 0.006) migraine groups showed lower angular velocity than controls for left rotation
(Table 2). No differences were found for extension (F( 75) = 2.75, p = 0.07) and right rotation
(F(z/go) = 266, p= 007)

The subgroups analysis of history of neck pain showed a main effect of group for
right lateral flexion (F(y g9y = 4.78, p = 0.01) and right rotation (F(; g9) = 5.19, p = 0.008) but
no difference related to the history of neck pain neither the interaction of them (p > 0.05,
Table S3). Similar findings were obtained from the subgroup analysis considering neck
pain experienced during cervical ROM. We only found the main effects of the group for
flexion (F(pg0) = 4.71, p = 0.01, Table S4) without any significant differences for neck pain
during the test or the interaction between these two factors (p > 0.05).
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3.3. Percentage of Activation

Figure 2 displays the mean percentage of activation of all cervical muscles assessed
during active cervical ROM. No differences among groups for any muscle, regardless of
being agonist/antagonist, during flexion (F1634) = 0.744; p = 0.73), extension (F(14 58) = 0.949;
p = 0.52), right lateral flexion (F64¢) = 1.324; p = 0.22), left lateral flexion (F(16 42) = 1.089;
p = 0.39), right rotation (F(16 34) = 1.314; p = 0.25), or left rotation (F14 56) = 0.472; p = 0.95).
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Figure 2. Mean percentage of activation of cervical muscles during active neck movements. R: right;

L: left.

3.4. Correlations

Table 3 presents the correlation analysis. Weak negative correlations were observed
between total cervical ROM and NDI and TSK scores (p < 0.05). Weak-to-moderate negative
correlations were observed between mean angular velocity of cervical movement and NDI
and TSK scores (p < 0.05). No significant correlation was observed between headache
features and total cervical ROM or mean angular velocity of cervical movements (p < 0.05).
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Table 3. Pearson’s correlations (r) and 95% confidence intervals of angular velocity and cervical
range of motion angle with both Neck Disability Index (NDI) and Tampa Scale for Kinesiophobia
(TSK) scores and with headache features.

Total Cervical Range of

Motion (°) Angular Velocity (°/s)
Total sample (n = 81)
NDI scores —0.25* (—0.48 to —0.04) —0.28 (—0.50 to —0.06) *
TSK scores —0.30 * (—0.51 to —0.08) —0.40 (—0.60 to —0.19) **
Participants with migraine (n = 54)
Years with migraine —0.003 (—0.32 to 0.32) 0.01 (—0.28 to 0.31)
Migraine frequency (days/month) 0.14 (—0.16 to 0.47) 0.04 (—0.25 to 0.34)
Migraine intensity (NPRS) 0.13 (—0.39 to 1.07) 0.02 (—0.64 to 0.74)

¥p<0.05,* p < 0.01.

4. Discussion

The current study revealed that women with migraines present reduced total cervical
ROM and angular velocity during neck active movements compared to controls. In general,
those variables were not influenced by the history of neck pain or pain evoked with
movement. Differences in the angular velocity were more frequently observed in those
with chronic migraines. Cervical ROM and angular velocity were weakly correlated with
neck-related disability and kinesiophobia in women with migraines but not with headache
features. Finally, the duration of neck muscle activation did not differ between groups for
any active movements, regardless of whether agonist or antagonist. These results partially
confirmed the study hypotheses.

Our total cervical ROM results agree with a previous study [15], showing reduced total
mobility in migraine patients compared to controls, but no differences between episodic
and chronic migraineurs. The results of the separate movements may be misinterpreted as
a preferred directional restriction. However, currently, there is no plausibility to assume
any lateral preference. Moreover, data from two recent systematic reviews with meta-
analyses reinforce that any specific side or plane restriction might be random. Liang et al.
revealed a reduction in cervical ROM in the sagittal and frontal planes [9], whereas Szikszay
et al. observed lower ROM in sagittal and transverse planes, comparing migraineurs and
controls [10].

This is the first study analyzing neck angular velocity in migraineurs, revealing a
significant reduction in patients with migraine, especially those with the chronic form.
However, we should recognize that the mean angular velocity observed in this study does
not represent a self-paced velocity that subjects use during their daily activity. The time
constraint of our experiment may have forced the participants to adopt a slow movement.
Nevertheless, even under the same experimental circumstances, the migraine groups
performed the active neck movements more slowly than the controls. It agrees with the
lower velocity (peak or average) observed for patients with neck pain when performing
self-paced active neck movements [18,37]. Vikne et al. [19] assessed patients with chronic
whiplash-associated disorders adopting slow, preferred, and maximal speed to move their
head and neck. Lower average velocity was also observed for the patients compared to
controls to perform cervical extension and flexion back to the neutral position regardless
of the speed assessed [19]. For the cervical flexion, differences were observed only at
the maximal speed [19]. Future studies may expand the knowledge about kinematic
variables of active neck movements in migraineurs using preferred speed, as maximal
speed would not be appropriate for these patients considering the high frequency of
vestibular symptoms [38].

Several hypotheses can be raised to speculate the mechanisms behind the lower
angular velocity observed in the migraine groups, including the possibility of a combination
of them. Subjects with migraines avoid moving their head during a migraine attack [17],
so if they perpetuate their behavior even during interictal phases (out of migraine attack),
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it could facilitate kinematic alterations. Indeed, half of our migraine groups were classified
as high fear subjects according to TKS scores, which is the proportion expected among
migraineurs [16]. In individuals with neck pain, kinesiophobia presented negative weak-to-
moderate associations with kinematic variables [39]. However, the correlations observed
in our sample between TKS scores and angular velocity were too low to be clinically
highlighted and justify our findings.

Another aspect that could contribute would be the higher frequency of migraine, as
the chronic migraine group seems to be more affected when we consider the movements
separately. However, the absence of a significant correlation between the frequency of
headache and the mean angular velocity suggests that this relationship may not have a
significant role in our findings.

In addition to the behavioral and headache frequency hypotheses, there is also the
potential contribution of a cervical mechanoreceptor dysfunction to the impairment of
kinematic performance [18]. In this context, Meise et al. observed that patients with chronic
migraine presented altered cervical proprioception, and the presence of neck pain did not
modify it [40]. As no data regarding cervical proprioception were collected, we cannot
confirm nor discard this hypothesis. It might be a subject to be explored in further studies.

The combination of lesser active ROM with low velocity might point toward a change
in motor control strategies by increasing coactivation of neck muscles to avoid pain or main-
tain cervical stability [41]. In contrast to our findings, altered superficial muscle activity
has been previously reported in patients with migraines [21,23] through a higher activity
of extensor muscles during the flexion when compared to healthy controls. However, in
those studies, electromyographic activity was assessed during isometric contractions or
low-load craniocervical flexion movement. In addition, in the current study, we could
not analyze muscle coactivation due to the between-group differences in angular velocity,
making a direct comparison between studies difficult. Therefore, our data suggest that the
performance of active neck movements is not associated with an altered muscle activation
time. It may be justified by the low effort demanded during the task or by its similarity
to cervical movements performed frequently during daily routine. Similarly, individuals
with migraines did not also differ from controls on muscle activity during the endurance
test with submaximal contractions [42]. Current and previous data suggest a complex
adaptation of motor control patterns of the cervical musculature in patients with migraines.

The analysis of movement and muscle pattern recruitment during active cervical
movements has been analyzed in individuals with chronic neck pain. Previous studies
have revealed a reduced range of motion, lower velocity, and increased co-contraction ratio
in cervical muscles [18,20,41]. Despite a higher prevalence of neck pain in migraine groups
in contrast to the control group, our results were not altered by the history of neck pain or
neck pain induced during movement. These findings support the hypothesis that one of
the migraine characteristics might be an alteration in the efferent system that affects motor
control and mobility of the craniocervical area since some symptoms and signs of cervical
dysfunction are related to the migraine itself and not dependent on the presence of neck
pain [43].

Nevertheless, the role of neck pain in cervical mobility cannot be totally excluded,
whereas we observed in those individuals with self-reported neck pain weak correlations
between neck-related disability with cervical ROM and angular velocity. Similar results
were previously observed in individuals with migraines [14] and neck pain [39]. For
clinicians, we reinforce the importance of cervical assessment in patients with migraines,
regardless of the presence of neck pain and the assessment of psychosocial aspects, since
they could be negative factors in treatment success. From a scientific perspective, cervical
motor control in patients with migraines should be investigated during functional tasks
to understand the impact of symptoms or signs of musculoskeletal dysfunction in daily
activities. The role of kinesiophobia on musculoskeletal deficits associated with migraine
also needs to be better explored since it could be an anticipatory behavior of fear-avoidance
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to potential pain. Future studies may also investigate a potential relationship between
hypervigilance and angular velocity in patients with migraines.

Finally, we recognize some limitations of the current study. Since our sample consisted
of only women, the results should not be generalized to men with migraines. In addition,
due to the study design, we cannot infer any causal relationship between the factors. Head
and neck postures were not assessed, and the altered spine alignment could influence the
motor strategies to perform the active cervical movement. Finally, although the TSK had
revealed differences in kinesiophobia between patients with migraine and controls, it is not
a validated tool in the migraine population. Despite these limitations, this is the first study
investigating muscle activity during active neck movements and neck kinematic aspects in
patients with migraines, adding that the velocity of the active cervical movement may be
as affected as its range of motion. Moreover, it highlights that the history of neck pain or
the presence of neck pain during the task seems to exhibit little or no influence on these
reduced parameters. However, psychosocial aspects may also contribute to them.

5. Conclusions

Women with episodic and chronic migraines presented lower total cervical ROM and
mean angular velocity during neck active movements when compared with headache-
free controls. Total cervical ROM and mean angular velocity were negative and weakly
correlated to neck disability and kinesiophobia, but not to headache features. No differences
were observed for the percentage of activation of both neck flexors and extensors acting as
antagonists or as agonists during active neck movements.
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