
VU Research Portal

Chronic pain: the role of biological and psychosocial factors

Generaal, E.

2016

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Generaal, E. (2016). Chronic pain: the role of biological and psychosocial factors. [, Vrije Universiteit
Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://research.vu.nl/en/publications/7848dc79-5b1f-4d48-af97-1ae71b3b3530


 

 
 
 

 

CHRONIC PAIN 

 the role of biological and psychosocial factors  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Ellen Generaal   

 



Colofon 

The research described in this thesis was performed at the department of Psychiatry in collaboration with 

the EMGO institute for Health and Care Research (EMGO+). EMGO+ participates in the Netherlands School 

of Primary Care Research (CaRe) which was reacknowledged in 2005 by the Royal Netherlands Academy 

of Arts and Sciences (KNAW). 

 

Financial support for publication of this thesis was kindly provided by: 

Department of Psychiatry, VU University Medical Center, Amsterdam 

 

Additional financial support of this thesis was kindly provided by: 

Essentrics Workout 

Fysio.com 

 

 

This thesis was supported by a grant (August 2012) to Dr. Dekker for “Research in the Area of Pain” from 

the European League Against Rheumatism (EULAR). The infrastructure for the NESDA study 

(www.nesda.nl) is funded through the Geestkracht program of the Netherlands Organisation for Health 

Research and Development (Zon-Mw, grant number 10-000-1002) and is supported by participating 

universities and mental health care organisations (VU University Medical Center, GGZ inGeest, Arkin, 

Leiden University Medical Center, GGZ Rivierduinen, University Medical Center Groningen, Lentis, GGZ 

Friesland, GGZ Drenthe, IQ Healthcare, Netherlands Institute for Health Services Research [NIVEL] and 

Netherlands Institute of Mental Health and Addiction [Trimbos]). Data analyses were supported by a Vidi 

grant (grant number 917.66.320, Dr. Penninx). 

 

 

 

Cover design:  Loes Riphagen 

Layout:  Ellen Generaal         

Print:  Ipskamp Drukkers, Enschede   

     

ISBN: 978-94-028-0032-6 

 

© 2016, E. Generaal 

All rights reserved. No part of this thesis may be reproduced or transmitted in any form or by any means, 

electronic or mechanical, including photocopying, recording or any information storage and retrieval 

without prior permission of the holder of the copyright.  



 

 

 

 

 
VRIJE UNIVERSITEIT 

 
 
 
 

CHRONIC PAIN: THE ROLE OF BIOLOGICAL  

AND PSYCHOSOCIAL FACTORS 

 
 
 
 
 
 

ACADEMISCH PROEFSCHRIFT 
 

ter verkrijging van de graad Doctor aan 
de Vrije Universiteit Amsterdam, 

op gezag van de rector magnificus 
prof.dr. V. Subramaniam, 

in het openbaar te verdedigen 
ten overstaan van de promotiecommissie 

van de Faculteit der Geneeskunde 
op maandag 14 maart 2016 om 15.45 uur 

in de aula van de universiteit, 
De Boelelaan 1105 

 
 
 
 
 
 
 
 
 
 

door 
 

Ellen Generaal 
 

geboren te Utrecht 
 

  



promotoren:  prof.dr. J. Dekker 

prof.dr. B.W.J.H. Penninx 

copromotor:  dr. N. Vogelzangs 

  



 

CONTENTS 

            

Chapter 1 General Introduction        1 

 

Chapter 2 Reduced hypothalamic-pituitary-adrenal axis activity in chronic   15 

multi-site musculoskeletal pain: partly masked by depressive and  

anxiety disorders 

 

Chapter 3  Basal inflammation and innate immune response in chronic    35 

multi-site musculoskeletal pain 

 

Chapter 4 Biological stress systems, adverse life events and the onset    57 

of chronic multi-site musculoskeletal pain: a 6-year cohort study 

 

Chapter 5 Biological stress systems, adverse life events and the remission   77 

of chronic multi-site musculoskeletal pain across a 6-year follow-up 

 

Chapter 6  The brain-derived neurotrophic factor pathway, life stress and   97 

chronic multi-site musculoskeletal pain 

 

Chapter 7  Insomnia, sleep duration, depressive symptoms and the onset   115 

of chronic multi-site musculoskeletal pain 

 

Chapter 8  Summary and General Discussion      137 

 

Samenvatting (Summary in Dutch)      159 

 

Dankwoord (Acknowledgements)      171 

 

Curriculum Vitae        175 
Publications 
Portfolio 
Dissertation Series 

 

 

 
  



 



1 
 

 
 

CHAPTER 1 
 
 
 

 GENERAL INTRODUCTION 

 

 
 
 
 
 
 
 
 
 

 
 



 

2 
 

GENERAL INTRODUCTION 

 “When pain persists and feels like it is ruining your life, it is difficult to see how it can be serving any 

useful purpose. But even when pain is chronic and nasty, it hurts because the brain has somehow 

concluded, for some reason or another, often completely subconsciously, that you are threatened and 

in danger – the trick is finding out why the brain has come to this conclusion.” 

Source: Book “Explain Pain” by Butler and Moseley, 2003, p. 11.  

 

Chronic pain 

Chronic pain is a complex sensory and emotional experience that varies widely between people 

depending on the context and meaning of the pain and the psychological state of the person[1]. 

‘Nociception’ is the biological response to tissue damage or prior tissue damage[2]. The International 

Association for the Study of Pain (IASP) defined pain as: “an unpleasant sensory and emotional 

experience associated with actual or potential tissue damage or described in terms of such damage”. 

Chronic pain has most frequently been defined as ‘pain lasting longer than 3 months’[3]. It often 

presents at multiple body locations, typically of the musculoskeletal system. On the list of global 

burden of disease, musculoskeletal problems hold a top ten position[4] and are the most common 

cause of severe pain and long-term physical disability[5]. Moreover, chronic multi-site 

musculoskeletal pain has been associated with decreased quality of life[6], and with comorbidities 

such as depression, anxiety[7] and sleep disorders[8]. 

Prevalence rates of chronic multi-site musculoskeletal pain among the general population have 

been estimated at approximately 10% in Western countries[9] and 18% in the Netherlands[10]. 

However, reported prevalence rates differ between studies, mainly due to differences in pain 

definitions, methodologies and groups studied. Despite these differences, it is clear that chronic pain 

is frequently experienced among people worldwide. Women and older persons are more often 

affected by chronic pain than men and younger persons[9,11]. One survey among over 40.000 

Europeans and Israelians demonstrated that of all people suffering from chronic pain, 60% was 

female, and had an average age of 51 years old[12]. Given the high prevalence and impact of chronic 

pain, there is an urgent need to examine the underlying mechanisms of this condition. 

Although the etiology of chronic pain is not fully understood, it is hypothesized to be the 

consequence of central sensitization, a process of hypersensitivity of neural nociceptive pathways 

within the central nervous system[3]. In case of acute pain, often caused by damaged tissues, several 

stress response systems become active to be able to cope with the threatening situation[13]. 

However, in case of central sensitization, these adaptive changes no longer have their intended 

function and can contribute to the development and persistence of chronic multi-site pain, which 
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1 General Introduction 

may even occur without any peripheral tissue damage[14]. There is usually no way to distinguish this 

pain experience from that due to tissue damage[15]. However, it appears that the perceived pain 

cannot be fully explained on the basis of peripheral processes and is likely due to alterations in pain 

transmission or descending pain modulatory pathways[15]. Central sensitization is characterized by 

hyperalgesia (increased pain intensity evoked by a stimulus which is normally painful) and allodynia 

(pain evoked by a stimulus which is normally not perceived as painful)[16].   

Both biological and psychosocial factors may contribute to central sensitization, and thus to the 

etiology and persistence of chronic pain[15,17]. Therefore, this dissertation aims at understanding the 

role of biological factors, by themselves or in combination with psychosocial factors, in relation to the 

onset and persistence of chronic pain. 

 

Biological stress systems and chronic pain 

Three major biological stress systems are the hypothalamic-pituitary adrenal axis (HPA axis), the 

immune system (IMS) and the autonomic nervous system (ANS). These response systems regulate 

several bodily processes in response to stress for maintenance of homeostasis. Dysfunction of these 

biological stress systems are thought to play a role in central sensitization, subsequently contributing 

to chronic pain[18]. 

The HPA axis is the main neuroendocrine stress response system and activates the secretion of 

cortisol, a ‘stress chemical’ that under normal circumstances protects the body against challenges. A 

successful adaptive response upon stress exposure is activation of the HPA axis followed by its 

termination after the stressor has passed. The hypothalamus releases corticotropin-releasing 

hormone (CRH), which in turn stimulates the secretion of adrenocorticotropic hormone (ACTH) by the 

pituitary gland. Subsequently, ACTH stimulates the release of cortisol from the adrenal cortex into the 

systemic circulation. The HPA axis has a negative feedback loop, so that cortisol in turn can inhibit the 

further release of CRH and ACTH. Cortisol, among other functions, diverts energy to the brain, muscles 

and heart, makes oxygen available, and suppresses the immune system[13]. Cortisol follows a diurnal 

rhythm, with a cortisol peak in the morning and a gradual decrease during the day, with lowest levels 

in the evening. Cortisol levels start to rise approximately 2-3 hours after sleep onset and continue to 

rise into the early morning and early waking hours[19]. In case of chronic pain, the HPA axis may have 

become hypoactive, as indicated by lower levels of cortisol and a blunted cortisol response to a variety 

of stressors and dynamic tests[18,20-22]. 

The immune system (IMS) aims to protect the body against stress or illness by activation or 

suppression of several cytokines (immune molecules) in the blood. Immune reactions can be divided 

into reactions of innate and adaptive immunity. Innate immunity refers to natural immunity, which 
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function is to efficiently recognize pathogenic molecules (usually within hours) independently of any 

prior exposure[23]. Adaptive immunity is a longer-term process and refers to molecules which are 

normally silent but adapt in response to illness or infection. Evidence suggests that mainly the innate 

immune system has become hyperactive in chronic pain. In particular, chronic pain subjects have 

shown increased levels of basal cytokines and increased levels of cytokines after stimulation, an 

indicator of disturbed innate immunity[24-26]. 

The autonomic nervous system (ANS) is another important biological stress system that might 

play a role in chronic pain. The sympathetic nervous system (‘fight and flight’) liberates adrenaline 

and is activated in response to stress. The parasympathetic nervous system (‘rest and digest’) usually 

conserves energy, and helps digestion and storing of energy[13]. Previous studies mainly found 

increased sympathetic and decreased parasympathetic activity in chronic pain patients[27-29], 

suggesting a state of hyperarousal of the ANS.   

 

Biological stress systems, psychosocial stress and chronic pain 

A prominent hypothesis (see Figure 1) suggests that dysfunction of biological stress systems –the HPA 

axis, IMS and ANS- induces and perpetuates central sensitization, ultimately resulting in the 

development and persistence of chronic pain[18]. Thus, dysfunction of the HPA axis (i.e. 

hypocortisolemia and a blunted diurnal cortisol slope), dysfunction of the IMS (i.e. increased innate 

immunity) and dysfunction of the ANS (i.e. increased sympathetic and decreased parasympathetic 

activity) are hypothesized to contribute to central sensitization. This hypothesis further suggests that 

psychosocial stress, i.e. adverse life events, trigger central sensitization and aggravate the impact of 

HPA-as, IMS and ANS functioning on chronic pain[18].  

 

 

 

 

 

 

 
Figure 1. Hypothetical framework suggesting that alterations in biological stress systems  
induce central sensitization, ultimately resulting in the onset and persistence of chronic  
pain, an effect which is aggravated by adverse life events[18]. 

  

Onset and  
persistence of  

chronic pan 
 

Alterations in the  
HPA-axis, IMS  

and ANS 
 

Central sensitization  
 

Adverse life events 
 



 

5 
 

1 General Introduction 

Previous findings on the association between psychosocial stress and chronic pain seem rather 

consistent, with higher reports of adverse life events and childhood trauma in subjects with chronic 

pain compared to controls[30,31]. Also, several large-scale longitudinal studies confirmed that recent 

life events and childhood trauma increase the risk of future development of chronic pain[32,33].  

With respect to dysfunction of biological stress systems in chronic pain, the available evidence 

comes mostly from cross-sectional studies with small sample sizes (N<500) and results have been 

inconsistent[18,21,34,35]. These inconsistencies might to some degree be explained by a lack of 

measuring all relevant covariates such as lifestyle factors and depression, which might influence the 

association between biological stress systems and pain[34,36]. The paucity of longitudinal data makes 

any conclusion regarding causal directions speculative. An exception is one prospective study which 

examined whether HPA axis dysfunction, in response to adverse life events, was associated with the 

onset of chronic pain over 15 months. This study (n=241) showed that HPA axis dysfunction, indicated 

by a blunted cortisol diurnal rhythm and a failure of the HPA axis to suppress cortisol, was associated 

with the onset of chronic widespread pain[37]. Thus, although longitudinal evidence is limited, 

dysfunction of biological stress systems, in combination with adverse life events, has been 

hypothesized as a risk factor for developing chronic pain. 

This thesis will examine the cross-sectional associations of the biological stress systems with the 

presence and severity of chronic pain. This will not include ANS, as this was already investigated in a 

previous NESDA study.1 Then, following the hypothesis by Maletic and Raison, we prospectively 

examine whether dysfunction of the biological stress systems (HPA axis, IMS and ANS), in combination 

with adverse life events, is a risk factor for the onset and persistence of chronic pain. 

 

1 One previous NESDA study examined function of the autonomic nervous system in relation to chronic 
pain[38]. In that study, no associations were found with the presence of chronic pain, although lower heart 
rate variability did appear associated with increased pain intensity among chronic pain subjects.  

 
 
Brain-derived neurotrophic factor, psychosocial stress and chronic pain 

The brain-derived neurotrophic factor (BDNF) is another biological factor that has also been 

associated with chronic pain. BDNF is a primary neurotransmitter in descending pain facilitation[18]. 

BDNF positively regulates neuronal growth, recovery and development[18,39]. BDNF may contribute 

to central sensitization[40] and central and peripheral neuroplastic changes[41,42]. Neuroplastic 

changes may occur rapidly in response to injury causing adaptive changes that, under normal 

circumstances, help to protect the injured structures and aid in the healing process[12]. Several lines 

of evidence suggest that the BDNF pathway (BDNF genotype, gene expression and protein levels) 
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may play a role in chronic pain[18,43]. Chronic pain patients have previously shown increased BDNF 

levels in blood serum and plasma[44-46]. Other studies proposed that BDNF genotype and gene 

expression might also play a role in chronic pain[47-49]. However, the few previous studies on the 

role of BDNF were limited in sample size (n<155) and showed inconsistent results. Moreover, studies 

examining the complete BDNF pathway   ̶ genotype, gene expression and protein levels ̶  in chronic 

pain are currently lacking.  

Life stress may also aggravate the impact of the BDNF pathway on chronic pain, suggesting that 

a combination of BDNF alterations and life stress is a risk factor for chronic pain. Life stress may also 

have different impact depending on a person’s genetic risk. Most evidence for this hypothesis comes 

from psychiatric studies[50-52]. One previous study on depression showed that the impact of 

childhood trauma on BDNF serum levels was dependent on variation on the BDNF val66met 

polymorphism, a common single-nucleotide polymorphism (SNP) on the BDNF gene[53]. Evidence 

suggests that a combination of stress and the BDNF-pathway as etiological factors may also apply to 

chronic pain, especially because chronic pain and depression seem to share similar patho- 

physiological mechanisms[18]. Therefore, this thesis examines whether the BDNF pathway, recent life 

stress (recent adverse life events) and early life stress (childhood trauma), or a combination of BDNF 

and life stress are associated with chronic pain. 

 

Sleep disturbances, depressive symptoms and chronic pain 

Over 50% of subjects with chronic pain also report sleep problems[54]. Disturbed sleep might be an 

important etiological factor of chronic pain. People who suffer from sleep disturbances seem to 

consistently show an increased risk of developing chronic pain[32,55-60]. Disturbed sleep might 

decrease pain thresholds and contribute to central sensitization[61]. Sleep disturbances can manifest 

themselves in multiple ways. Disturbed sleep can refer to poor sleep quality, also referred to as 

insomnia. Also, persons can have a deviant duration of their sleep. Duration of sleep can either be 

shortened or prolonged, and both might contribute to health problems[62]. Evidence suggests that 

depressive symptoms might mediate the association between disturbed sleep and the development 

of chronic pain[63,64]. Depressive symptoms may contribute to the onset of chronic pain[65,66], 

possibly through mechanisms of increased physiologic or cognitive arousal and decreased physical 

activity[64]. However, the temporal relationships of sleep, depressive symptoms and chronic pain 

remain unclear. There is a lack of longitudinal studies examining whether sleep induces chronic pain 

beyond the influence of depressive symptoms. Also, whereas most previous studies examined either 

insomnia or sleep duration[63], this thesis focuses on both these potential etiological factors of 

chronic pain onset.  
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The NESDA study  

All studies described in this dissertation used data of the Netherlands Study of Depression and Anxiety 

(NESDA). For this thesis, we used data from the baseline measurement, and the 2 year, 4 year and 6 

year follow-up. The NESDA study (www.nesda.nl) is an ongoing longitudinal cohort study (n=2981, 18-

65 years at baseline) aimed at investigating the long-term course and consequences of depressive and 

anxiety disorders[67]. Participants were recruited from the community (19%), from primary care 

(54%), and from specialized mental health care (27%). With this strategy, the NESDA study was able 

to include subjects with a great variation in symptoms, with or without (current or remitted) 

depressive or anxiety disorders, which resulted also in the inclusion of sufficient subjects both with 

and without chronic pain.  

A few advantages of the NESDA study are the large sample size (n=2981), the longitudinal design 

and the inclusion of a vulnerable population at baseline. Of all persons in NESDA with baseline data 

on pain available (n=2980), 767 persons (26%) suffered from chronic pain at baseline. Of these 767 

subjects, 28% still suffered from chronic pain after 6 years follow up (13% was lost to follow up). From 

all subjects without chronic pain at baseline (n=2213), 21% developed chronic pain over 6 years 

follow-up (8% was lost to follow-up). The NESDA study provided detailed assessment of a wide range 

of demographic, clinical, genetic, biological and psychosocial measures. Therefore, risk factors of 

chronic pain could be examined while also taking into account the influence of psychopathology. The 

large sample size of the NESDA study enables to test for interactions, stratify our analyses and 

examine potential mediation by covariates such as depression.  

Biological measures at baseline examined in this thesis include function of biological stress 

systems and the brain-derived neurotrophic factor pathway. A range of HPA axis measures was 

assessed by collecting salivary cortisol samples during one day. The cortisol awakening response 

reflects the natural response of the HPA axis to awakening. Cortisol at awakening and cortisol in the 

evening reflect basal levels. The cortisol suppression ratio after dexamethasone intake reflects 

function of the negative feedback system of the HPA axis. When post-dexamethasone cortisol levels 

are suppressed, the feedback system functions adequately. Also blood samples were collected from 

participants of the NESDA study. Levels of basal immune molecules (including cytokines such as 

interleukin-6) and lipopolysaccharide-stimulated cytokines (a measure of the innate immune 

response) were assessed. For functioning of the autonomic nervous system, we assessed measures of 

the sympathetic and parasympathetic nervous system (using the VU University Ambulatory 

Monitoring System). Also, the BDNF val66met genotype, BDNF gene expression and serum levels were 

determined at baseline. Psychosocial stress measures examined in this thesis include recent life 

events and childhood trauma. Recent adverse life events were assessed in the year prior to baseline 
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using the List of Threatening Events Questionnaire. Childhood trauma before the age of 16 was 

assessed by calculating a childhood trauma index using the Childhood Trauma Interview. Sleep 

disturbances, including insomnia (≤9 score on the Women’s Health Initiative Insomnia Rating Scale) 

and sleep duration, were measured in the month prior to baseline. Depressive symptoms were 

assessed at baseline, and at 2 year, 4 year and 6 year follow-up (using the Inventory of Depressive 

Symptoms with a 1 week recency).  

In this thesis, chronic pain is defined as pain in the prior 6 months in the extremities, the back, 

and the neck (also called: ‘chronic multi-site musculoskeletal pain’). Pain was assessed at baseline, 

and at 2 year, 4 year and 6 year follow-up using the Chronic Pain Grade (CPG)[68], a valid and reliable 

self-report questionnaire to measure the presence and severity of chronic pain[69,70]. In our cross-

sectional studies, we examine the presence and severity (intensity and disability) of chronic pain as 

our outcome variables. The presence of chronic pain is defined as meeting the criteria of chronic pain 

at baseline. A pain intensity score is calculated from 3 questions of the CPG regarding (1) pain intensity 

at this moment, (2) worst pain in the prior 6 months, and (3) average pain in the prior 6 months. A 

pain disability score is calculated from 3 questions of the CPG regarding (1) disability in daily activities, 

(2) disability in spare time, social life and family activities, and (3) disability in work. In our longitudinal 

studies, we examine the onset and remission of chronic pain. The onset of chronic pain is examined 

in pain-free individuals at baseline (n=2213), and defined as meeting the criteria for chronic pain at 

one of the follow-up time points (2, 4 or 6 years). The remission of chronic pain (as the opposite of 

persistence) is examined in chronic pain subjects at baseline (n=767), and defined as not meeting the 

criteria for chronic pain at one of the follow-up time points (2, 4 or 6 years).  

 

Aims and outline of this thesis 

This thesis examines biological factors (biological stress systems and BDNF), by themselves and in 

interaction with psychosocial factors (life events/childhood trauma), in relation to chronic pain. In 

addition, we examine the role of disturbed sleep and depressive symptoms in chronic pain. First, 

cross-sectional examinations are performed of the HPA axis and the IMS in relation to the presence 

and severity of chronic pain. Second, we longitudinally examine whether baseline function of 

biological stress systems was associated with the onset and remission of chronic pain over 6 years, 

and whether recent adverse life events increased the impact of biological stress systems on chronic 

pain. Third, we examine whether the BDNF pathway (genotype, gene expression and serum level) was 

cross-sectionally associated with the presence and severity of chronic pain, and whether life 

events/childhood trauma increased the impact of BDNF on chronic pain. Fourth, we longitudinally 
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examine the association between baseline sleep disturbances (insomnia, sleep duration) and the 

onset of chronic pain over 6 years, and whether this association is mediated by depressive symptoms.  

 

The main objectives of this thesis are: 

1. To examine whether function of the hypothalamic-pituitary-adrenal axis and the immune system 

are cross-sectionally associated with the presence and severity of chronic pain at baseline (HPA axis: 

chapter 2; IMS: chapter 3). 

 

2. To examine whether baseline HPA axis, IMS and ANS function, recent adverse life events, or a 

combination are longitudinally associated with the onset (chapter 4) and the remission (chapter 5) of 

chronic pain over 6 years [see Figure 1]. 

 

3. To examine whether the brain-derived neurotrophic factor (genotype, gene expression and serum 

level), life stress (life events/trauma), or a combination are cross-sectionally associated with the 

presence and severity of chronic pain at baseline (chapter 6). 

 

4. To examine whether baseline sleep disturbances (insomnia and sleep duration) are longitudinally 

associated with the onset of chronic pain over 6 years, and whether this association is mediated by 

depressive symptoms (chapter 7). 
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Abstract 

Introduction Studies on hypothalamic-pituitary-adrenal axis (HPA axis) function amongst patients 

with chronic pain show equivocal results and well-controlled cohort studies are rare in this field. The 

goal of our study was to examine whether HPA axis dysfunction is associated with the presence and 

the severity of chronic multi-site musculoskeletal pain.  

Methods Data are from the Netherlands Study of Depression and Anxiety including 1125 subjects with 

and without lifetime depressive and anxiety disorders. The Chronic Pain Grade questionnaire was 

used to determine the presence and severity of chronic multi-site musculoskeletal pain. Subjects were 

categorized into a chronic multi-site musculoskeletal pain group (n=471) and a control group (n=654). 

Salivary cortisol samples were collected to assess HPA axis function (awakening level, 1-hour 

awakening response, evening level, diurnal slope and post-dexamethasone level).  

Results In comparison with the control group, subjects with chronic multi-site musculoskeletal pain 

showed significantly lower cortisol level at awakening, lower evening level and a blunted diurnal 

slope. Lower cortisol level at awakening and a blunted diurnal slope appeared to be restricted to those 

without depressive and/or anxiety disorders, who also showed a lower 1-hour awakening response.  

Conclusions Our results suggest hypocortisolemia in chronic multi-site musculoskeletal pain. 

However, if chronic pain is accompanied by a depressive or anxiety disorder, typically related to 

hypercortisolemia, the association between cortisol levels and chronic multi-site musculoskeletal pain 

appears to be partly masked. Future studies should take psychopathology into account when 

examining HPA axis function in chronic pain. 
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2 HPA axis and chronic pain 

Introduction 

Chronic pain, usually defined as pain lasting longer than three months[1], is common with population 

prevalence estimates of ~10%[2] and results in reduced quality of life[3]. Chronic pain rarely presents 

at a single body site, it more often presents at multiple body locations, typically in the musculoskeletal 

system[4-6]. Compared to single-site pain, multi-site musculoskeletal pain has been associated with a 

greater negative impact on patients’ functioning[7] and disability[6,8], and an increased risk of 

depressive and anxiety disorders[9]. Whereas acute localized pain is often attributable primarily to 

damage in the peripheral structures, chronic multi-site musculoskeletal pain can exist without any 

nociceptive input[1]. Existing interventions of chronic pain are at best moderately effective[10,11] 

and although epidemiological studies have improved our knowledge on the etiology of chronic pain, 

its underlying biological mechanisms are still largely unclear. 

Evidence suggests that chronic pain conditions may be the consequence of increased 

neurotransmitter activity of the central nervous system, a process called central sensitization[12]. The 

hypothalamic-pituitary-adrenal axis (HPA axis), one of the main bodily stress systems, is likely involved 

in initiating and perpetuating this process[12,13]. The nature of the relationship between HPA axis 

function and chronic pain is however far from fully elucidated[14,15]. A few clinic-based studies 

(n<50) in patients with fibromyalgia found hyperactive HPA axis responses, loss of cortisol diurnal 

variation with elevated evening cortisol levels[16,17] and increased sensitivity to feedback inhibition 

of the HPA axis[18]. Alternatively, two other studies found basal serum cortisol levels in fibromyalgia 

patients in the normal range[19,20]. However, the majority of previous studies (n<100; one larger 

study: n=429) found reduced activity and impaired feedback sensitivity of the HPA axis in chronic pain 

conditions[13,19,21-26], mostly characterized by low basal levels of cortisol as well as a blunted 

cortisol response to a variety of stressors and dynamic tests. Although evidence is limited, some 

studies found increased salivary cortisol levels to be associated with higher pain severity scores among 

subjects with chronic widespread pain[27,28]. However, other studies found decreased cortisol 

activity and reactivity to be associated with higher pain severity among healthy controls[29] and 

among chronic pain patients[30]. One prospective study found that subjects with low morning and 

high evening salivary cortisol levels, indicative of a blunting of the diurnal cortisol rhythm, and 

increased levels of serum cortisol after the dexamethasone suppression test (DST), indicative of a 

failure to suppress the HPA axis, were more likely to develop new-onset chronic widespread pain[24].  

Thus, although several studies have suggested a link with HPA axis dysfunction, whether the HPA 

axis is hypoactive or hyperactive in persons with chronic multi-site musculoskeletal pain is yet 

undetermined. Moreover, most previous studies were rather small in sample size and did not 

consistently take possible confounders such as lifestyle and disease factors into account. 
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Furthermore, depressive and anxiety disorders have not frequently been considered as covariates 

that may confound the association between chronic multi-site musculoskeletal pain and HPA axis 

function, although these disorders are prevalent among persons with chronic pain and have often 

been associated with hypercortisolemia[31-34]. Therefore, the present cross-sectional study 

investigated the hypothesis that HPA axis dysfunction is associated with the presence and severity of 

chronic multi-site musculoskeletal pain, while controlling for sociodemographics, lifestyle and disease 

factors and depressive and anxiety disorders. 

 

Methods 

Subjects  

This cross-sectional study was based on data from the Netherlands Study of Depression and Anxiety 

(NESDA), an ongoing cohort study conducted among 2981 adults, aged between 18 and 65 years at 

the baseline assessment. Subjects were recruited from the general population (n=564), general 

practices (n=1610) and from mental health care organizations (n=807). People in different 

developmental stages of psychopathology as well as controls with no psychiatric diagnosis 

participated. The NESDA study contains a high proportion of subjects with chronic multi-site 

musculoskeletal pain and provides a unique opportunity to control for relevant variables such as 

depressive and anxiety disorders. Further details of the NESDA study have been described 

elsewhere[35]. The research protocol was approved by the Central Ethics Committee on Research 

Involving Human Subjects of the VU University Medical Center Amsterdam and all respondents 

provided written informed consent.  

From the initial 2981 respondents, 767 persons met the criteria for the chronic multi-site 

musculoskeletal pain group and 887 persons for the control group (criteria discussed in 

measurements section below). Of these subjects, 455 persons were excluded because no valid salivary 

cortisol values were available and 74 persons because they used corticosteroids that are known to 

influence HPA axis function. There were no pregnant or breastfeeding women in our study sample, 

leaving a total of 1125 subjects for our analyses (471 with chronic multi-site musculoskeletal pain and 

654 controls).  

Excluded subjects (n=529) were significantly younger (40.2 vs. 44.7 years, p<0.001), had fewer 

years of education (11.6 vs. 12.4 years, p<0.001), had more often chronic multi-site musculoskeletal 

pain (56.0 vs. 41.9%, p<0.001) and had more often a lifetime depressive and/or anxiety disorder (80.2 

vs. 71.2%, p<0.001), but did not differ in sex, compared with included subjects (n=1125). Differences 

in covariates between excluded and included subjects were similar within the chronic pain group and, 

apart from that, in the control group. 
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2 HPA axis and chronic pain 

Chronic multi-site musculoskeletal pain  

Chronic multi-site musculoskeletal pain was measured using the Chronic Pain Grade (CPG)[36], a 

reliable and valid measure of severity of chronic pain[37,38]. The CPG first inquires about the presence 

of pain in the prior 6 months in several locations (i.e., the extremities [joints of the arms, hands, legs 

or feet], back, neck, head, abdomen, chest, and the mouth and face [orofacial area])[39]. The 

subsequent questions in the CPG refer to the most painful location and include: (1) days in pain in the 

prior 6 months (scale 0-180); (2) pain at this moment (scale 0-10); (3) worst pain in the prior 6 months 

(scale 0-10); (4) average pain in the prior 6 months (scale 0-10); (5) disability days in the prior 6 months 

(scale 0-180); (6) disability in daily activities (scale 0-10); (7) disability in spare time, social life, and 

family activities (scale 0-10); and (8) disability in work (scale 0-10). According to the CPG protocol, five 

grades were categorized from these measures: grade 0 (pain-free, no pain in the prior 6 months); 

grade I (low disability, low intensity); grade II (low disability, high intensity); grade III (high disability, 

moderately limiting); and grade IV (high disability, severely limiting).  

The CPG was used to classify two groups. Subjects were classified as having chronic multi-site 

musculoskeletal pain if they had grade I, II, III or IV and pain present in (one or more of) the 

extremities, and the back and the neck (n=471). We also refer to the chronic multi-site 

musculoskeletal pain group as the chronic pain group. The control group consisted of people with 

grade 0 (n=130) or with grade I and pain in the prior 6 months in at most 2 locations (n=524). The 

remaining subjects who did not meet the criteria of the chronic pain group or the control group were 

not eligible to be included in the present study (n=1327). Of the total NESDA sample, approximately 

26% met criteria for chronic multi-site musculoskeletal pain. 

For examination of pain severity, pain intensity and pain disability were assessed in subjects with 

chronic pain. For assessment of pain intensity, questions 2, 3 and 4 of the CPG were used (see above) 

to yield a total pain intensity score (average of the 0-10 ratings of the 3 questions multiplied by 10 

resulting in a 0-100 score)[36]. For assessment of pain disability, questions 6, 7 and 8 of the CPG were 

used (see above) to yield a total pain disability score (average of the 0-10 ratings of the 3 questions 

multiplied by 10 resulting in a 0-100 score)[36].  

 

HPA axis function 

As described in more detail elsewhere[40], respondents collected saliva samples at home on a 

(regular) working day shortly after the baseline interview. The median time between the interview 

and saliva sampling was 9.0 days (IQR: 5-22). Instructions prohibited eating, smoking, drinking, or 

brushing teeth within 15 minutes before sampling. Saliva samples were obtained using Salivettes 

(Sarstedt AG and Co, Numbrecht, Germany) at seven time points covering 1-hour awakening cortisol, 



20 

 

evening values and a dexamethasone suppression test. The cortisol awakening response (CAR) 

includes four sampling points: at awakening (T1) and 30 (T2), 45 (T3), and 60 (T4) minutes later. Two 

evening values were collected at 10 p.m. (T5) and 11 p.m. (T6). Dexamethasone suppression was 

measured by cortisol sampling the next morning on awakening (T7) after ingestion of 0.5 mg 

dexamethasone, directly after the saliva sample at 11 p.m. (T6) was taken. Samples were stored in 

refrigerators and returned by mail. Cortisol analysis was performed by competitive 

electrochemiluminescence immunoassay (E170 Roche, Switzerland). The functional detection limit 

was 2.0 nmol/l and the intra- and interassay variability coefficients in the measuring range were less 

than 10%.  

The first cortisol value directly after awakening on the first day (T1) was considered as a basal 

indicator of cortisol level. In addition, using formulas described by Pruessner et al.[41], the area under 

the curve with respect to the ground (AUCg) and with respect to the increase (AUCi) were calculated 

based on the four morning cortisol measures. The AUCg is an estimate of the total cortisol secretion 

over the first hour of awakening; the AUCi is a measure of the dynamics of the cortisol awakening 

response related to the sensitivity of the system and emphasizing the rate of change of the cortisol 

levels after awakening.  

Evening cortisol was assessed as another basal indicator of cortisol level. The mean of the two 

evening values (at 10 p.m. and 11 p.m.) was used to reflect mean evening cortisol; the correlation 

between the two evening values was r=0.55.  

Diurnal slope was calculated by subtracting the value at 11 p.m. (T6) from the sample at 

awakening (T1) and dividing it by the number of hours in-between the two samples, resulting in the 

decline in cortisol level per hour. If the evening value at T6 was missing, the evening value at 10 P.M. 

(T5) was used if available (n=12).  

The cortisol suppression ratio was calculated by the cortisol value at awakening on the first day 

(T1) divided by the cortisol value at awakening on the next day (T7) after ingestion of 0.5 mg 

dexamethasone the evening before.  

 

Covariates  

First, cortisol sampling characteristics were considered because these have been associated with 

salivary cortisol in NESDA[40]. The sampling factors comprised awakening time, working on day of 

sampling (yes/no), month of sampling (light months March through September vs. dark months 

October through February), and <6h sleep (yes/no). In addition, basic potential confounders included 

sociodemographic characteristics (age, sex, and years of education).   

A second set of covariates included lifestyle and disease factors as these have previously been 

associated with both HPA axis function and chronic pain. Body mass index was calculated as weight in 
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kilograms divided by height in meters squared. Smoking was categorized as never smoker, former 

smoker and current smoker. Alcohol use was categorized as non-drinker, mild/moderate drinker (1–

21 glasses/week for men and 1–14 glasses/week for women), and heavy drinker (>21 glasses/week 

for men and >14 glasses/week for women)[42]. Physical activity was assessed with the International 

Physical Activity Questionnaire[43] and expressed in 1000 metabolic equivalent minutes per week. 

Number of chronic diseases (including cardiovascular disease, epilepsy, diabetes mellitus, 

osteoarthritis, stroke, cancer, chronic lung disease, thyroid disease, liver disease, intestinal disorders, 

and ulcers) were assessed by self-report. Chronic diseases were considered present if persons had 

received treatment.  

A third set of covariates included lifetime diagnoses of depressive and/or anxiety disorders and 

use of antidepressants. Lifetime diagnoses included both current (i.e. in past 6 months) and prior 

diagnoses of depressive disorders (major depressive disorder and dysthymia) and anxiety disorders 

(panic disorder, agoraphobia, generalized anxiety disorder and social phobia) and were established 

with the Composite International Diagnostic Interview (WHO version 2.1), a widely accepted and 

reliable instrument that assesses mental disorders according to DSM standards[44]. Medication use 

was assessed based on drug container inspection of all drugs used in the past month and classified 

according to the World Health Organization (WHO) Anatomical Therapeutic Chemical (ATC) 

classification[45]. Use of antidepressants were considered because of their reported association with 

cortisol level[46] and pain level[47]. Antidepressant medication included tricyclic antidepressants 

[TCA; ATC code N06AA], selective serotonin reuptake inhibitors [SSRI; ATC code N06AB] and other 

antidepressant medications [ATC codes N06AF/AG/AX]) and were considered if frequently used (daily 

or >50% of the time).  

 

Statistical analyses 

Descriptive baseline characteristics were reported as mean, median, or percentage across persons 

with chronic pain and controls. Differences between groups were examined using independent-

sample t-tests for continuous variables, χ2 tests for dichotomous and categorical variables, and Mann-

Whitney U tests for non-normally distributed variables.  

Logistic regression analyses were performed to analyze the association between cortisol 

measures and the presence of chronic pain (vs. controls). Also, a U-curved association of cortisol with 

the presence of chronic pain was considered by entering quadratic terms of cortisol measures to the 

model also including the linear terms. To examine whether cortisol measures were associated with 

pain severity in subjects with chronic pain, separate linear regression analyses were conducted with 

cortisol measures as predictors and pain intensity and pain disability as outcome variables.  
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In all logistic and linear regression analyses, three models were tested: (1) adjusted for cortisol 

sampling factors and sociodemographic variables; (2) additionally adjusted for lifestyle and disease 

factors, and; (3) additionally adjusted for lifetime diagnoses of depressive or anxiety disorders and 

use of antidepressants. 

Because depressive and anxiety disorders have previously been associated with hyper- 

cortisolemia[31], we subsequently examined the association between cortisol and chronic pain, free 

from any depression/anxiety effects. Therefore, we tested the possible moderating effect of 

depressive and/or anxiety disorders on the association between cortisol and chronic pain. Chronic 

pain subjects without and chronic pain subjects with lifetime depressive and anxiety disorders (LDA) 

were each compared with control subjects without chronic pain and without LDA by performing 

adjusted multinomial logistic regression analyses.  

For all statistical tests, a probability level of less than or equal to 5% was regarded as significant. 

The statistical calculations were performed using SPSS, version 20.0. 

 

Results       

Baseline characteristics  

Baseline characteristics of the study population are shown in Table 1. In subjects with chronic multi-

site musculoskeletal pain, the mean days of pain in the prior 6 months was 109.0 (SD=69.9), the mean 

pain intensity score was 52.3 (SD=17.7) and the mean pain disability score was 38.1 (SD=24.9). 

Compared to controls, subjects with chronic pain differed in all cortisol sampling factors, were 

significantly older, were more often women, had less education, had a higher body mass index, were 

more often current smokers, were more often non-drinkers, had more chronic diseases, had more 

often a current and a lifetime comorbid depressive and/or anxiety disorder, and used more often 

antidepressants (all p<0.05). Regarding cortisol measures, diurnal slope was significantly lower in the 

chronic pain group in comparison to the control group. For the other cortisol measures, differences 

between subjects with and without chronic pain were not significant in unadjusted analyses.  
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  Table 1. Baseline characteristics* 
  Controls        Chronic pain P† N# 

  (n=654) (n=471)    

Pain     

Days of pain in the prior 6 months 28.3 ± 49.1 109.0 ± 69.9 <0.001  

Pain intensity 21.5 ± 14.7 52.3 ± 17.7 <0.001  

Pain disability 9.4 ± 13.2 38.1 ± 24.9 <0.001  

Cortisol sampling factors      

Time of awakening 7:23 ± 1:07 7:34 ± 1:10 0.01  

Working on day of sampling, % 67.2 48.5 <0.001  
Sampling in month with more daylight, % 52.7 54.4 0.50  

≤6h sleep, % 21.0 37.3 <0.001  

Sociodemographic factors      

Age, years 43.3 ± 13.4 46.7 ± 11.8 <0.001  

Women, % 56.7 73.5 <0.001  
Education, years 13.1 ± 3.3 11.6 ± 3.3 <0.001  

Lifestyle and disease factors      

Body mass index, kg/m2 25.0 ± 4.2 26.2 ± 4.8 <0.001  

Smoking, %   0.05  
   Never smoker 32.0 27.2    

   Former smoker 39.0 37.2    

   Current smoker 29.1 35.7    

Alcohol use, %    <0.001  

   Non-drinker 20.9 38.2    

   Mild/moderate drinker 66.2 50.7    

   Heavy drinker 12.8 11.0    
Physical activity, 1000 MET min./week   3.6 ± 3.0 3.9 ± 3.1 0.06  

Number of chronic diseases       0.6 ± 0.8 0.9 ± 0.9 <0.001  

Depression and anxiety factors       
Lifetime depressive or anxiety disorder, %   <0.001  

   No disorder 40.4 12.7   

   Depressive disorder 19.0 16.8   

   Anxiety disorder 13.1 10.0   

   Comorbid depressive/anxiety disorder 27.5 60.5   

Current depressive or anxiety disorder, % 35.9 67.5 <0.001  

Antidepressant medication, %   <0.001  
   No antidepressant 83.2 71.3   

   SSRI 10.9 20.0   

   TCA 2.1 2.3   

   Other antidepressant 3.8 6.4   

Cortisol measures      
At awakening, nmol/l, median [IQR] 15.9 [12.4-20.2] 15.5 [12.1-19.5] 0.10 1105 

AUCg, nmol/l/h 19.0 ± 7.0 18.8 ± 6.7 0.55 1025 

AUCi, nmol/l/h 1.9 ± 6.5 2.6 ± 6.2 0.09 1025 

Mean evening level, nmol/l, median [IQR] 4.7 [3.2-6.3] 4.9 [3.4-6.8] 0.07 1120 

Diurnal slope, decline in nmol/l/h   0.77 ± 0.49 0.71 ± 0.39 0.05 1001 
Cortisol suppression ratio, median [IQR] 2.43 [1.75-3.33] 2.35 [1.70-3.12] 0.23 1061 

MET = metabolic equivalent; SSRI = selective serotonin reuptake inhibitor; TCA = tricyclic antidepressant;  
AUCg = area under the curve with respect to the ground; AUCi = area under the curve with respect to the increase.  

* Values are mean ± SD unless otherwise indicated. † Based on independent-sample t-test for continuous  
variables, χ2 test for dichotomous and categorical variables and Mann-Whitney U test for non-normally distributed 

variables. #N-values that vary from total N=1125 due to missings on individual cortisol measures.   
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HPA axis function and the presence and severity of chronic multi-site musculoskeletal pain 

Table 2 reports the results of the adjusted logistic regression analyses, assessing the association 

between cortisol measures and the presence of chronic multi-site musculoskeletal pain. Lower 

cortisol levels at awakening were associated with the presence of chronic pain after adjustment for 

confounders. Lower evening cortisol levels were associated with the presence of chronic pain after 

adjustment for lifestyle and disease factors and after full adjustment for depression and anxiety 

factors. The association between a flatter diurnal slope and the presence of chronic pain was not 

significant after sociodemographic adjustment and after additional adjustment for lifestyle and 

disease factors, but this association became statistically significant after adjustment for depression 

and anxiety factors. For AUCg, AUCi and cortisol suppression ratio, no statistically significant 

associations with the presence of chronic pain were found.  

 

Table 2. Associations* between cortisol measures and the  
presence of chronic multi-site musculoskeletal pain (n=1125) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

* Based on adjusted logistic regression analyses; OR per 1 SD increase; At awakening:  

SD=6.78, AUCg: SD=6.87, AUCi: SD=6.39, mean evening level: SD=3.43, diurnal slope:  

SD=0.45, cortisol suppression ratio: SD=1.58. a adjusted for awakening time, working on 

day of sampling, month of sampling, ≤6hours of sleep, age, sex, and years of education;  

b additionally adjusted for body mass index, smoking, alcohol intake, physical activity,  

and chronic diseases; c additionally adjusted for lifetime depressive/anxiety disorder  

and antidepressants. 

 OR (95% CI) P 

At awakening    

  Sociodemographic a 0.86 (0.75, 0.98) 0.03 

  Lifestyle & disease b 0.83 (0.72, 0.95) 0.009 

  Depression and anxiety c 0.81 (0.70, 0.94) 0.006 
AUCg   

  Sociodemographic a 0.94 (0.83, 1.08) 0.40 

  Lifestyle & disease b 0.91 (0.79, 1.06) 0.23 

  Depression and anxiety c 0.89 (0.76, 1.04) 0.13 
AUCi   

  Sociodemographic a 1.10 (0.97, 1.26) 0.15 

  Lifestyle & disease b 1.12 (0.97, 1.30) 0.12 

  Depression and anxiety c 1.10 (0.94, 1.28) 0.25 
Mean evening level   

  Sociodemographic a 0.92 (0.80, 1.05) 0.21 

  Lifestyle & disease b 0.85 (0.72, 0.99) 0.04 

  Depression and anxiety c 0.85 (0.72, 1.00) 0.05 
Diurnal slope    

  Sociodemographic a 0.89 (0.77, 1.02) 0.10 

  Lifestyle & disease b 0.88 (0.76, 1.02) 0.10 

  Depression and anxiety c 0.85 (0.73, 0.99) 0.04 
Cortisol suppression ratio   

  Sociodemographic a 1.02 (0.89, 1.16) 0.80 

  Lifestyle & disease b 1.03 (0.90, 1.18) 0.69 

  Depression and anxiety c 1.04 (0.90, 1.20) 0.57 
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To test for a possible U-curved association with the presence of chronic pain, quadratic terms of 

cortisol measures were examined. These adjusted logistic regression analyses revealed that the 

quadratic term of diurnal slope was significantly associated with the presence of chronic pain (p=0.05; 

all other p≥.15). Therefore, quintiles of diurnal slope were created and entered as predictors in 

adjusted logistic regression analyses with chronic pain as outcome. No evidence was found for a U-

curved association when the lowest and highest quintile of diurnal slope were compared with 

intermediate categories (lowest quintile: OR=1.09, p=0.65; highest quintile: OR=0.72, p=0.08) (data 

not shown).  

Table 3 reports the associations between cortisol measures and pain intensity and pain disability 

among subjects with chronic pain (n=471). No significant associations were found. Additional analyses 

considering chronic pain subjects without lifetime depression and anxiety also indicated no 

associations for cortisol with pain severity (data of additional analyses not tabulated). 

     

 

Table 3. Associations* between cortisol measures and pain intensity and  
pain disability in subjects with chronic multi-site musculoskeletal pain (n=471) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

* Based on adjusted linear regression analyses;  
a adjusted for awakening time, working on day of sampling, month of sampling,  

≤6 hours of sleep, age, sex, and years of education; b additionally adjusted for body  

mass index, smoking, alcohol intake, physical activity, and chronic diseases;  

c additionally adjusted for lifetime depressive/anxiety disorder and antidepressants. 
 

  Pain intensity Pain disability 

At awakening  Beta P  Beta P 

  Sociodemographic a  0.05 0.32  0.01 0.86 

  Lifestyle & disease b  0.04 0.42  0.00 0.94 

  Depression and anxiety c  0.02 0.72 -0.01 0.86 

AUCg     

  Sociodemographic a  0.01 0.86 -0.05 0.28 

  Lifestyle & disease b -0.01 0.92 -0.05 0.34 

  Depression and anxiety c -0.03 0.54 -0.06 0.22 

AUCi     

  Sociodemographic a -0.05 0.32 -0.06 0.21 

  Lifestyle & disease b -0.06 0.18 -0.06 0.23 

  Depression and anxiety c -0.07 0.15 -0.06 0.23 

Mean evening level     

  Sociodemographic a  0.00 0.99 -0.03 0.59 

  Lifestyle & disease b -0.01 0.80 -0.01 0.81 

  Depression and anxiety c -0.01 0.79 -0.01 0.93 

Diurnal slope     

  Sociodemographic a  0.06 0.21  0.03 0.61 

  Lifestyle & disease b  0.05 0.29  0.01 0.78 

  Depression and anxiety c  0.03 0.57  0.00 0.94 

Cortisol suppression ratio    

  Sociodemographic a  0.00 0.98  0.02 0.68 

  Lifestyle & disease b  0.01 0.82  0.02 0.67 

  Depression and anxiety c  0.01 0.89  0.01 0.76 
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HPA axis function and chronic multi-site musculoskeletal pain without/with depression and anxiety 

This study found hypoactive HPA axis function in chronic multi-site musculoskeletal pain (Table 2), 

while depressive and some types of anxiety disorders have previously been associated with 

hypercortisolemia[31,32], also in the NESDA study[33,34]. To further examine possible moderating 

effects, we subsequently tested whether depressive and/or anxiety disorders mask the association 

between cortisol measures and the presence of chronic pain. Adjusted multinomial logistic regression 

analyses were performed for chronic pain subjects without lifetime depressive and/or anxiety 

disorders (n=60) and chronic pain subjects with lifetime depressive and/or anxiety disorders (n=411) 

separately compared to control subjects (without chronic pain and without lifetime depressive and/or 

anxiety disorders; n=264) (see Table 4).  

 

Table 4. Associations* between cortisol measures and the presence of chronic multi-site 
musculoskeletal pain in persons without and with a lifetime depressive and/or anxiety disorder 

* Based on adjusted multinomial logistic regression analyses using persons without chronic pain and without LDA 

as the reference group (n=264); OR per 1 SD increase; At awakening: SD=6.78, AUCg: SD=6.87, AUCi: SD=6.39, mean 
evening level: SD=3.43, diurnal slope: SD=0.45, cortisol suppression ratio: SD=1.58. 
a adjusted for awakening time, working on day of sampling, month of sampling, ≤6 hours of sleep, age, sex, years of 

education; b additionally adjusted for body mass index, smoking, alcohol intake, physical activity, and chronic 

diseases; c based on the same multinomial logistic regression analyses using chronic pain without LDA as the 

reference group. LDA = Lifetime depressive and/or anxiety disorder 
 

 
 

  chronic pain  
without LDA (n=60)  
vs. controls (n=264) 

chronic pain  
with LDA (n=411)  
vs. controls (n=264)  

chronic pain with 
LDA vs. chronic 

pain without LDA c 
  OR (95% CI) P OR (95% CI) P P 

At awakening       

  Sociodemographic a 0.67 (0.47, 0.94) 0.02 0.94 (0.79, 1.12) 0.50 0.04 

  Lifestyle & disease b 0.66 (0.46, 0.93) 0.02 0.90 (0.74, 1.09) 0.27 0.07 

AUCg      

  Sociodemographic a 0.61 (0.43, 0.89) 0.009 1.04 (0.86, 1.25) 0.68 0.003 

  Lifestyle & disease b 0.62 (0.42, 0.90) 0.01 0.96 (0.79, 1.18) 0.72 0.02 

AUCi      

  Sociodemographic a 0.95 (0.69, 1.32) 0.77 1.15 (0.96, 1.38) 0.14 0.24 

  Lifestyle & disease b 1.00 (0.71, 1.40) 0.99 1.11 (0.91, 1.36) 0.30 0.51 

Mean evening level     

  Sociodemographic a 0.89 (0.61, 1.29) 0.53 0.96 (0.79, 1.17) 0.68 0.67 

  Lifestyle & disease b 0.93 (0.64, 1.33) 0.68 0.82 (0.66, 1.02) 0.07 0.49 

Diurnal slope       

  Sociodemographic a 0.71 (0.49, 1.01) 0.06 1.03 (0.85, 1.24) 0.80 0.03 

  Lifestyle & disease b 0.70 (0.49, 0.99) 0.05 1.04 (0.85, 1.27) 0.69 0.02 

Cortisol suppression ratio     

  Sociodemographic a 0.89 (0.65, 1.21) 0.44 0.95 (0.81, 1.11) 0.51 0.67 

  Lifestyle & disease b 0.86 (0.62, 1.19) 0.36 0.99 (0.83, 1.17) 0.87 0.40 
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These analyses indicated that lower cortisol at awakening and lower AUCg were significantly 

associated with higher odds of chronic pain in persons without depressive and anxiety disorders. With 

additional adjustment for lifestyle and disease factors, a flatter diurnal slope also became significant 

in that group. In contrast, none of the cortisol measures were significantly associated with chronic 

pain with depressive and/or anxiety disorders. When directly comparing chronic pain subjects without 

depressive and/or anxiety disorders to chronic pain subjects with depressive and/or anxiety disorders, 

a significant difference for cortisol at awakening was found after sociodemographic adjustment. This 

difference was only marginally significant after adjustment for lifestyle and disease. In addition, AUCg 

and diurnal slope significantly differed between chronic pain subjects without and with depressive 

and/or anxiety disorders before and after adjustment for confounders. 

 

Discussion 

The main objective of the current cross-sectional study was to investigate the association between 

HPA axis dysregulation and the presence and severity of chronic multi-site musculoskeletal pain. 

Chronic pain subjects in this study show lower awakening cortisol levels, lower evening levels and a 

blunted diurnal slope compared to controls. These associations appeared to be partly masked by 

comorbid depressive and/or anxiety disorders, which are typically accompanied by hyper- 

cortisolemia.  

Our findings of hypocortisolemia and a blunted diurnal cortisol slope in subjects with chronic 

multi-site musculoskeletal pain are in line with other studies that reported a hypoactive HPA axis in 

chronic pain conditions[13,19,21-24]. This blunting of the HPA axis has been proposed to occur after 

prolonged exposure to stress[14]. During acute stress, the adrenal cortex produces more cortisol 

which in turn inhibits the secretion of corticotropin-releasing hormone (CRH) from the hypothalamus 

and adrenocorticotropic hormone (ACTH) from the pituitary to eventually normalize cortisol release 

and maintain body homeostasis[14]. Before the development of chronic pain, the HPA axis may start 

hyperactive, but after long-term hyperactivity the stress system may reach a state of exhaustion and 

the HPA axis turns to a state of hypoactivity[48]. This hypoactive state of the HPA axis is also suggested 

by hyperreactivity of ACTH after CRH infusion suggesting up-regulation of pituitary CRH receptors due 

to a hypoactive state of endogeneous CRH and hypocortisolemia [24,49,50].    

Morning hypocortisolemia and a blunted diurnal cortisol slope were most clearly present in 

chronic pain subjects without lifetime depressive and/or anxiety disorders. Depression and specific 

types of anxiety disorders have often been associated with hypercortisolemia[31,32,51], as also 

previously demonstrated in the NESDA study (i.e., increased cortisol awakening response for both 

current and remitted major depressive disorder and panic disorder with agoraphobia[33,34]). Several 

other studies outlined a distinction between HPA axis hyperactivity in depression and HPA axis 
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hypoactivity in chronic pain[13,52], which suggests distinct biological processes in psychological 

disorders and pain conditions. Additional analyses in our sample indicate that both a current diagnosis 

and a prior history of depressive and/or anxiety disorders mask hypocortisolemia in chronic multi-site 

musculoskeletal pain. Altered morning cortisol level may represent a trait rather than a state which 

reflects biological vulnerability or a biological scar resulting from depression and anxiety[34]. 

Although the current study did not measure nocturnal cortisol levels, hypocortisolemia at 

awakening might indicate reduced cortisol secretion during the late phase of sleep or differences in 

frequency of cortisol peaks overnight[17,53]. A previous longitudinal study found non-restorative 

sleep (waking feeling unrefreshed) to be associated with the resolution of chronic widespread 

pain[54]. However, the role of sleep-related disturbances on HPA axis perturbations in chronic multi-

site musculoskeletal pain warrants further research. 

We found lower evening cortisol levels in the overall sample of subjects with chronic multi-site 

musculoskeletal pain compared to controls, which is in contrast with elevated evening levels found in 

previous studies in patients with fibromyalgia with a smaller sample size than the current 

study[16,17]. However, in support of our findings, a cross-sectional study by McBeth et al. showed 

that a lower saliva cortisol score, composed of morning and evening cortisol levels, was associated 

with chronic widespread pain and being psychologically at risk of chronic widespread pain[25].  

No significant associations with chronic multi-site musculoskeletal pain were found for the 

dynamic of the cortisol awakening response (AUCi) and post-dexamethasone cortisol levels, which is 

in contrast to a previous study that demonstrated non-suppression of the HPA axis in 131 subjects 

with chronic widespread pain by elevated serum cortisol levels after a 0.25 mg dexamethasone 

suppression test[25]. This opposite finding might be explained by heterogeneity of samples or 

measurement differences, e.g. in the assessment of pain, depression, anxiety and cortisol[55]. 

Moreover, as also suggested by the results of our study, adjusting for the effects of psychological 

distress might attenuate the association between post-stress cortisol levels and chronic multi-site 

musculoskeletal pain[25]. 

A previous study found that hypocortisolemia was present in women with fibromyalgia but not 

in men[56]. Our study could not examine gender differences in the association between cortisol and 

chronic pain, free of the effects of psychopathology, because group sample sizes would become too 

small.  

In contrast to the hypothesis that HPA axis dysregulation was associated with pain severity, no 

associations with HPA axis function were found for both pain intensity and pain disability among 

persons with chronic multi-site musculoskeletal pain. This might suggest that once hypocortisolemia 

is present in subjects with chronic multi-site musculoskeletal pain, hypoactivity of the HPA axis does 

not further impact pain severity. Prospective studies should further investigate the possible 
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differential role for hypocortisolemia in the onset and perpetuation of chronic multi-site 

musculoskeletal pain.  

Several methodological issues related to this study should be noted. First, our cross-sectional 

study design does not allow to draw conclusions regarding causality. Longitudinal studies are needed 

to examine whether HPA axis hypoactivity is the cause or the consequence of chronic multi-site 

musculoskeletal pain and its correlates such as sleep disturbance, inactivity, and low fitness. Second, 

previous studies mostly examined chronic widespread pain using diagnostic criteria by Wolfe et al.[57] 

in which participants need to have axial and bilateral pain above and below the waist. To best reflect 

this definition of axial and bilateral pain[57], we classified persons as having chronic multi-site 

musculoskeletal pain if they had pain in (one or more of) the extremities, the back AND the neck. 

Using our criteria of chronic pain, we may have included patients with milder pain complaints than 

previous studies that investigated fibromyalgia patients with chronic widespread pain in all four body 

quadrants. However, chronic multi-site pain can occur without meeting the classification criteria for 

chronic widespread pain and therefore setting broader parameters for studying biological 

mechanisms in chronic pain patients might be useful[4,5]. Third, chronic pain is defined as pain for ≥3 

months, whereas we used the CPG that assesses the number of days in pain in the prior 6 months. 

Our subjects with chronic multi-site musculoskeletal pain had on average 109 days of pain (~3.5 

months) in the most painful location in the prior 6 months. Additional analyses considering only 

chronic pain subjects with pain for ≥3 months showed similar odds ratio’s for cortisol at awakening, 

AUCg and diurnal slope (as compared to Table 4). Therefore, it appears unlikely that the criterion to 

define chronic pain explains our findings. Fourth, to increase sample size, we included persons with 

grade I on the CPG and pain in ≤2 locations in the control group. Comparisons with a more strict 

control group might elucidate even stronger associations. However, chronic pain in 1 or 2 locations is 

quite common in the population[2] which suggests that our control group resembled the general 

population and even improved the generalizability of our findings. Fifth, the ambulatory cortisol 

measures used in our study might not have been as rigorous as those in laboratory settings, because 

we did not have full control over the sample collection and the ingestion of the 0.5 mg 

dexamethasone. However, in a pilot study among 47 respondents, 90% showed detectable 

dexamethasone levels in the saliva sample the next morning at awakening[40] suggesting that non-

compliance with dexamethasone ingestion is unlikely to explain our findings. Finally, HPA axis function 

fluctuates from day-to-day while we only sampled cortisol on one day. Although the median time lap 

between the baseline interview and cortisol sampling was only 9 (IQR: 5-22) days, subjects did not 

report current mood or other state effects on the day of sampling. Nonetheless, we adjusted for 

current mood disorders in our analyses, which are highly correlated with current mood. This study 

also has clear strengths as compared to previous studies in the field, including its large sample size, a 
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detailed assessment of HPA axis functioning and the possibility to control for various confounders. 

Because a large part of this study sample consisted of persons with depressive and/or anxiety 

disorders, the unique possibility was provided to closely examine the association between HPA axis 

function and chronic multi-site musculoskeletal pain while taking into account the possible effects of 

depressive and anxiety disorders which are often present in persons with chronic pain[34,40].  

 

Conclusions 

The present study indicates hypocortisolemia in chronic multi-site musculoskeletal pain, which 

appears to be partly masked by the presence of comorbid depressive and/or anxiety disorders. Future 

studies should take psychopathology into account when examining HPA axis function in chronic multi-

site musculoskeletal pain. However, whether hypocortisolemia is also associated with the onset or 

perpetuation of chronic multi-site musculoskeletal pain should be further examined in longitudinal 

analyses.  
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Abstract 

Introduction Dysregulation of the immune system may play a role in chronic pain although study 

findings are inconsistent. This cross-sectional study examined whether basal inflammatory markers 

and the innate immune response are associated with the presence and severity of chronic multi-site 

musculoskeletal pain.  

Methods Data were used on 1632 subjects of the Netherlands Study of Depression and Anxiety. The 

Chronic Pain Grade questionnaire was used to determine the presence and severity of chronic multi-

site musculoskeletal pain. Subjects were categorized in a chronic multi-site musculoskeletal pain 

group (n=754) and a control group (n=878). Blood levels of the basal inflammatory markers  

C-reactive protein, interleukin-6 and tumor necrosis factor-alpha were determined. To obtain a 

measure of the innate immune response, 13 inflammatory markers were assessed after 

lipopolysaccharide (LPS) stimulation in a subsample (n=707).   

Results Subjects with chronic multi-site musculoskeletal pain showed elevated levels of basal 

inflammatory markers compared with controls, but statistical significance was lost after adjustment 

for lifestyle and disease variables. For some LPS-stimulated inflammatory markers, we did find 

elevated levels in subjects with chronic multi-site musculoskeletal pain both before and after 

adjustment for covariates. Pain severity was not associated with inflammation within chronic pain 

subjects.   

Conclusions An enhanced innate immune response in chronic multi-site musculoskeletal pain may be 

examined as a potential biomarker for the onset or perpetuation of chronic pain.
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3 Immune system and chronic pain 

Introduction  

Chronic pain, defined as pain lasting longer than three months[1], is prevalent with worldwide 

population estimates of approximately 10%[2]. Chronic pain usually presents at multiple body 

locations, typically in the musculoskeletal system[3-5]. Compared to single-site pain, multi-site 

musculoskeletal pain has been associated with a greater negative impact on patients’ functioning[6] 

and disability[5,7], and an increased risk of depressive and anxiety disorders[8]. Interventions of 

chronic pain are at best moderately effective[9,10] and, although studying the etiology of chronic pain 

has gained more attention, its underlying biological mechanisms are only partially understood.  

Whereas acute pain can often be attributed to damage of peripheral structures, chronic multi-

site musculoskeletal pain is likely to be a result of amplification of nociceptive transmission that can 

occur without any nociceptive input[1,11], i.e. ‘central sensitization’[12]. In central sensitization, 

dysregulation of cytokine levels may play a role in initiating or perpetuating pain[13,14]. Animal 

studies suggest that pro-inflammatory cytokines such as interleukin (IL)-6 and tumor necrosis factor-

alpha (TNF-α) induce central sensitization and contribute to pain hypersensitivity[15,16]. Therefore, 

inhibition of pro-inflammatory cytokines might be beneficial for the treatment of chronic pain[17]. 

Although studies on inflammation in chronic multi-site musculoskeletal pain are rare, some 

studies have investigated cytokine levels in fibromyalgia patients. A recent systematic review 

indicated elevated IL-1, IL-6 and IL-8 levels in blood serum and normal levels of other cytokines such 

as TNF-α in fibromyalgia patients[18]. Some studies found unaltered[18] or reduced levels[19] of anti-

inflammatory markers IL-4 and IL-10 in blood serum of patients with chronic widespread pain. 

Although studies on C-reactive protein (CRP) in chronic multi-site musculoskeletal pain are currently 

lacking, elevated levels of CRP in fibromyalgia have been demonstrated[20-22]. In addition, increased 

inflammatory levels have previously been associated with higher pain severity in fibromyalgia[22]. 

Some researchers suggest that immune disturbances may only be revealed after stimulation of 

the immune system[23]. Alterations in basal inflammatory levels may be harder to detect because 

they generally have low values and show circadian rhythmicity and large variability[18]. Some studies 

propose that in fibromyalgia, the innate capacity of the immune system to produce cytokines is 

disturbed[24,25]. One study among 110 fibromyalgia patients found reduced responses of 8 different 

cytokines to a mitogen challenge of peripheral blood mononuclear cells (PBMC), compared to 90 

healthy controls[24]. Other studies demonstrated enhanced immune responsiveness to stimulation 

in fibromyalgia patients[23,26,27]. For example, after lipopolysaccharide (LPS) stimulation increased 

pro-inflammatory IL-1β release by peripheral blood mononuclear cells was found in 19 chronic pain 

patients, compared with 11 pain-free controls[23].   
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The few previous studies mostly focused on basal inflammatory levels in fibromyalgia, only 

assessed a small range of cytokines, had small sample sizes (n<140 [18], with the exception of 2 

studies[28,29]; n=425 in largest study[28]), or insufficiently controlled for covariates that may 

influence immune activity[18,23,24,30]. Therefore, this cross-sectional study investigated the 

association between basal and LPS-stimulated inflammatory markers, and the presence and severity 

of chronic multi-site musculoskeletal pain while controlling for sociodemographics, lifestyle and 

disease variables, depression and anxiety, and medication intake. We hypothesize that elevated levels 

of inflammatory markers are associated with the presence and severity of chronic multi-site 

musculoskeletal pain.  

 

Methods 

Subjects  

The current cross-sectional study was based on data from the Netherlands Study of Depression and 

Anxiety (NESDA), an ongoing cohort study conducted among 2981 adults, who were between 18 and 

65 years of age at the baseline assessment. Subjects were recruited from the general population 

(n=564), general practices (n=1610) and mental health care organizations (n=807). People in different 

developmental stages of psychopathology, as well as controls with no psychiatric diagnosis, 

participated in the study. The NESDA study contains a high proportion of subjects with chronic multi-

site musculoskeletal pain and provides a unique opportunity for rigorous control of relevant variables 

such as depressive and anxiety disorders. Further details of the NESDA study have been described 

elsewhere[31]. The research protocol was approved by the Ethical Committee of participating 

universities, and all respondents provided written informed consent.   

From the initial 2981 respondents, 767 persons met the criteria for chronic multi-site 

musculoskeletal pain, and 887 persons for the control group (criteria discussed in measurement 

section below). Of these 1654 subjects, 22 persons were excluded because no valid data of basal 

inflammatory markers were available, leaving a total of 1632 subjects for our analyses on basal 

inflammation (754 with chronic multi-site musculoskeletal pain and 878 controls).  

Data of LPS-stimulated inflammatory markers were available for 707 subjects (307 with chronic 

multi-site musculoskeletal pain and 400 controls). Excluded persons (n=925) from the LPS substudy 

did not differ in sociodemographic factors, basal inflammatory marker levels, and chronic multi-site 

musculoskeletal pain, but more often had a lifetime depressive and/or anxiety disorder (76.6 vs. 

70.0%, p=0.004) compared with included persons. 
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3 Immune system and chronic pain 

Chronic multi-site musculoskeletal pain  

Chronic multi-site musculoskeletal pain was measured using the Chronic Pain Grade (CPG)[32], a 

reliable and valid measure of severity of chronic pain[33,34]. The CPG first inquires about the presence 

of pain in several locations (ie, the extremities [joints of the arms, hands, legs or feet], back, neck, 

head, abdomen, chest, and the mouth and face [orofacial area]) in the prior 6 months. The subsequent 

questions in the CPG refer to the most painful location and include: (1) days in pain in the prior 6 

months (scale 0-180); (2) pain at this moment (scale 0-10); (3) worst pain in the prior 6 months (scale 

0-10); (4) average pain in the prior 6 months (scale 0-10); (5) disability days in the prior 6 months 

(scale 0-180); (6) disability in daily activities (scale 0-10); (7) disability in spare time, social life, and 

family activities (scale 0-10); and (8) disability in work (scale 0-10). According to the CPG protocol, five 

grades were categorized from these measures: grade 0 (pain-free, no pain in the prior 6 months); 

grade I (low disability, low intensity); grade II (low disability, high intensity); grade III (high disability, 

moderately limiting); and grade IV (high disability, severely limiting).  

Subjects were classified as having chronic multi-site musculoskeletal pain if they had grade I, II, 

III or IV and pain present in the extremities, and the back and the neck (n=754). We also refer to the 

chronic multi-site musculoskeletal pain group as the chronic pain group. The control group consisted 

of people with grade 0 (n=168) or with grade I and pain in, at most, 2 locations (n=710). The remaining 

subjects who did not meet the criteria of the chronic multi-site musculoskeletal pain group or the 

control group were not included in the present study (n=1349). 

To indicate pain severity, both pain intensity and pain disability were assessed in subjects with 

chronic multi-site musculoskeletal pain. For assessment of pain intensity, questions 2, 3 and 4 of the 

CPG were used (see above) to yield a total pain intensity score (average of the 0-10 ratings of the 3 

questions multiplied by 10 resulting in a 0-100 score)[32]. For assessment of pain disability in subjects 

with chronic multi-site musculoskeletal pain, questions 6, 7 and 8 of the CPG were used (see above) 

to yield a total pain disability score (average of the 0-10 ratings of the 3 questions multiplied by 10 

resulting in a 0-100 score)[32]. 

  

Immune system  

Basal inflammatory markers included CRP and the pro-inflammatory cytokines IL-6 and TNF-α. Fasting 

blood samples were obtained in the morning between 8 and 9 am after overnight fasting and kept 

frozen at  ̶ 80°C. CRP and IL-6 were assayed at the Clinical Chemistry department of the VU University 

Medical Center (Amsterdam, The Netherlands). Plasma levels of CRP were measured in duplicate by 

a using high-sensitivity in-house enzyme-linked immunosorbent assay (ELISA) based on purified 

protein and polyclonal anti-CRP antibodies (Dako, Glostrup, Denmark). Plasma IL-6 levels were 
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measured in duplicate by a high sensitivity ELISA (PeliKine CompactTM ELISA, Sanquin, Amsterdam, 

The Netherlands). Plasma TNF-α levels were assayed in duplicate at Good Biomarker Science (Leiden, 

The Netherlands) using a high-sensitivity solid phase ELISA (Quantikine HS Human TNF-α 

Immunoassay, R&D systems, Minneapolis, MN, USA). Intra- and interassay coefficients of variation 

were 5% and 10% for CRP, 8% and 12% for IL-6, and 10% and 15% for TNF-α, respectively. 

Furthermore, a basal summary index was calculated as the standardized sum of all 3 standardized ln-

transformed basal inflammatory markers.  

To reflect the innate production capacity of inflammatory markers, the innate immune response 

of 17 cytokines was assessed in blood that was ex vivo stimulated with LPS. LPS-stimulated blood was 

available for 1241 persons of the total NESDA sample. Serial venous whole blood samples were 

obtained in one 7-mL heparin-coated tube (Greiner Bio-one, Monroe, NC, USA). Between 10 and 60 

min after blood draw, 2.5 mL of blood was transferred into a PAXgen tube (Qiagen, Valencia, CA, USA). 

Remaining blood (4.5 mL) was stimulated by addition of LPS (10 ng/ml blood; Escherichia coli, Sigma, 

St. Louis, MO, USA). LPS-stimulated samples were laid flat and incubated at a slow rotation for 5–6 

hours at 37°C. A 2.5-mL sample of this LPS-stimulated blood was transferred into a PAXgene tube 

(Qiagen). Remaining plasma (±0.5 mL) was kept frozen at  ̶ 80°C for later assaying. Using a multianalyte 

profile (Human CytokineMAP A V.1.0; Myriad RBM, Austin, TX, USA) levels of granulocyte-macrophage 

colony-stimulating factor, interferon-gamma (IFN-γ), IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-18, 

monocyte chemotactic protein-1 (MCP-1), macrophage inflammatory protein-1alpha (MIP-1α), 

macrophage inflammatory protein-1beta (MIP-1β), matrix metalloproteinase-2 (MMP-2), TNF-α and 

TNF-β were assayed. For granulocyte-macrophage colony-stimulating factor, IL-3, IL-5 and IL-7, too 

little valid values were obtained (<200) and were therefore excluded from further analyses, leaving a 

total of 13 cytokines. In addition, an LPS summary index was calculated as the standardized sum of all 

13 standardized markers.  

 

Covariates  

Basic covariates included sociodemographic characteristics (age, sex, and years of education). In 

addition, several ‘lifestyle and disease variables’ were assessed as these have previously been 

associated with both inflammation and chronic pain. Body mass index was calculated as body weight 

in kilograms divided by height in meters squared. Smoking was categorized as never smoker, former 

smoker and current smoker. Alcohol use was categorized as non-drinker, mild/moderate drinker  

(1–21 glasses/week for men and 1–14 glasses/week for women), and heavy drinker  

(>21 glasses/week for men and >14 glasses/week for women)[35]. Physical activity was assessed with 

the International Physical Activity Questionnaire[36] and expressed in 1000 metabolic equivalent 



 

41 

 

3 Immune system and chronic pain 

minutes per week. Chronic diseases (including cardiovascular disease, epilepsy, diabetes mellitus, 

osteoarthritis, stroke, cancer, chronic lung disease, thyroid disease, liver disease, intestinal disorders, 

and ulcers) were assessed by self-report and considered present if persons were under treatment. 

Medication use was assessed based on drug container inspection of all drugs used in the past month 

and classified according to the World Health Organization (WHO) Anatomical Therapeutic Chemical 

(ATC) classification[37]. Frequent use (daily or >50% of the time) of anti-inflammatory medication was 

considered and included ATC codes M01A, M01B, A07EB and A07EC.  

In addition, depressive and anxiety disorders and use of antidepressant medication were 

considered as covariates, as these have previously been related to inflammation[38] and pain[8,39]. 

Lifetime depressive and anxiety disorders were established with the Composite International 

Diagnostic Interview (WHO version 2.1) according to Diagnostic and Statistical Manual, 4th edition 

criteria[40]. Frequent use (daily or >50% of the time) of antidepressant medication included tricyclic 

antidepressants (ATC code N06AA), selective serotonin reuptake inhibitors (ATC code N06AB) and 

other antidepressant medications (ATC codes N06AF/AG/AX). 

 

Statistical analyses 

Descriptive baseline characteristics were reported as means or percentages in the chronic multi-site 

musculoskeletal pain and control groups. For the examination of differences between groups, 

independent-sample t-tests were used for continuous variables and χ2 tests for dichotomous and 

categorical variables. Pearson’s correlations were calculated to examine the associations between 

basal and LPS-stimulated inflammatory markers. Also, associations between inflammatory markers 

and covariates were examined using Pearson’s correlations and analyses of variance.  

For all inflammatory markers, (adjusted) means across controls and chronic pain subjects were 

calculated. The difference between controls and chronic pain subjects was examined using analyses 

of (co)variance. To obtain a measure of effect size, Hedges’ g was calculated for the 2 inflammatory 

summary indexes. To normalize distributions, all inflammatory marker levels, except LPS-stimulated 

MMP-2 and LPS-stimulated TNF-β, were ln-transformed prior to analyses. Back-transformed values 

are presented in the Tables to aid interpretation. Associations between inflammatory markers and 

the severity of chronic pain were tested using linear regression analyses with inflammatory markers 

as dependent variables within the subgroup of persons with chronic pain (n=754). Four models were 

tested: 1) unadjusted (for analyses of LPS-stimulated inflammatory markers: adjusted for laboratory 

site); 2) additionally adjusted for sociodemographic variables, ie, sex, age, and education; 3) 

additionally adjusted for lifestyle and disease variables, ie, alcohol use, smoking, body mass index, 
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number of chronic diseases, physical activity and use of anti-inflammatory medication, and; 4) 

additionally adjusted for lifetime diagnoses of depressive and anxiety disorders and use of 

antidepressants. The change in the unstandardized beta-coefficient (B) of the association between 

inflammation and chronic pain was examined to determine the degree to which covariates influenced 

the association between inflammation and chronic pain. Since we analyzed correlated measures, 

analyses were not corrected for multiple statistical testing[41]. For all statistical tests, a probability 

level of ≤5% was regarded as significant. The statistical calculations were performed using SPSS, 

version 20.0 (IBM, Armonk, NY, USA). 

 
Results  

Baseline characteristics 

Compared to controls, subjects with chronic multi-site musculoskeletal pain were significantly older, 

were more often women, had less education, had a higher body mass index, were more often current 

smokers, were more frequently non-alcohol drinkers, were more physically active, had more chronic 

diseases, more frequently used anti-inflammatory medication, more often had a lifetime depressive 

and/or anxiety disorder, and more frequently used antidepressants (all p<0.05, Table 1). 

Pearson’s intercorrelations for basal inflammatory markers were small (r range from 0.11 to 0.31; 

see Supplementary Table 1 at the end of this chapter). Pearson’s intercorrelations for most LPS-

stimulated inflammatory markers were r>.50, with somewhat lower correlations for IL-4, IL-8, IL-10 

and IL-18, with other LPS-stimulated inflammatory markers (see Supplementary Table 2). Pearson’s 

correlation between the basal summary index and the LPS summary index was small (r=0.12, p<0.001) 

suggesting that these are two distinct indicators of immune regulation. All covariates, with the 

exception of physical activity, were associated with at least one inflammatory summary index (see 

Supplementary Table 3). In general, associations between covariates and LPS-stimulated markers 

were less strong than associations between covariates and basal inflammatory markers. Education, 

body mass index, number of chronic diseases, alcohol use, and anti-inflammatory medication and 

antidepressant use were more strongly associated with basal inflammatory markers than with LPS-

stimulated markers. Smoking and gender were more strongly associated with LPS-stimulated markers 

than with basal inflammatory markers. Lifetime diagnoses of depression and anxiety were associated 

with both basal inflammatory markers and LPS-stimulated markers. 
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Table 1. Baseline characteristics* 

* Values are mean ± SD unless otherwise indicated. † Based on independent-sample t-test for 
continuous variables and χ2 test for dichotomous and categorical variables. MET, metabolic 
equivalent; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant. 

 

Basal inflammatory markers and the presence of chronic multi-site musculoskeletal pain 

Table 2 reports (adjusted) mean levels of basal inflammatory markers in controls and chronic multi-

site musculoskeletal pain subjects. All 3 basal inflammatory markers and the basal summary index 

were significantly higher in subjects with chronic pain than controls in the unadjusted model. Levels 

of basal inflammatory markers, with the exception of TNF-α (p=0.30), remained significantly higher in 

chronic pain subjects with additional adjustment for sociodemographic variables (basal summary 

index: Hedges’ g=0.15, p=0.002). These group differences were no longer significant after adjustment 

for lifestyle and disease variables. Adjustment for body mass index (ΔB=50%) and number of chronic 

diseases (ΔB=31%) most importantly weakened the association between the basal summary index 

  Controls Chronic pain P†  
  (n=878) (n=754)   

Pain    
  Days of pain in the prior 6 months 34.4 ± 52.1 108.1 ± 69.7 <0.001 
  Pain intensity 27.1 ± 11.2 53.0 ± 17.9 <0.001 
  Pain disability 12.1 ± 13.9 39.9 ± 25.8 <0.001 
Sociodemographic factors    
  Age, years 42.1 ± 13.6 44.7 ± 12.1 <0.001 
  Women, % 56.8 73.3 <0.001 
  Education, years 13.0 ± 3.3 11.3 ± 3.2 <0.001 
Lifestyle and health factors    
  Body mass index, kg/m2 25.0 ± 4.3 26.5 ± 5.2 <0.001 
  Smoking, %   <0.001 
     Never smoker 31.4 26.0  
     Former smoker 35.6 31.2  
     Current smoker 32.9 42.8  
  Alcohol use, %    <0.001 
      Non-drinker 23.1 39.9  
      Mild/moderate drinker 64.2 48.8  
      Heavy drinker 12.6 11.3  
  Physical activity, 1000 MET min/week   3.6 ± 2.9 3.9 ± 3.2 0.02 
  Number of chronic diseases       0.4 ± 0.7 1.0 ± 1.0 <0.001 
  Anti-inflammatory medication, % 8.4 26.5 <0.001 
Depression and anxiety factors    
  Lifetime depressive or anxiety disorder, %   <0.001 
     No disorder 38.2 11.5  
     Depressive disorder 18.2 16.7  
     Anxiety disorder 14.1 9.5  
     Comorbid depressive/anxiety disorder 29.5 62.2  
  Antidepressant medication, %   <0.001 
     No antidepressant 82.0 68.0  
     SSRI 12.0 21.4  
     TCA 2.1 2.9  
     Other antidepressant 3.9 7.7  
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and chronic pain (basal summary index: Hedges’ g=0.04, p=0.51). These findings were hardly affected 

by additional adjustment for depression and anxiety factors and remained not significant. 

 
 

Table 2. Unadjusted and adjusted means* for basal inflammatory levels  
in controls and subjects with chronic multi-site musculoskeletal pain 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

* Based on analyses of covariance; a adjusted for sex, age, years of education;  
b additionally adjusted for alcohol use, smoking, body mass index, number of  
chronic diseases, physical activity and use of anti-inflammatory medication;  
c additionally adjusted for lifetime diagnoses of depressive and anxiety disorders  
and use of antidepressants. CRP, C-reactive protein; IL-6, interleukin-6; TNF-α,  
tumor necrosis factor-alpha; basal summary index = standardized sum of all  
standardized ln-transformed basal inflammatory markers. 
 
 

 

  

 

Controls 
(n=878) 

Chronic pain 
(n=754)  

 

Adjusted 
mean (SE) 

Adjusted 
mean (SE) 

p 

CRP (mg/L)    
  Unadjusted 1.09 (1.04) 1.45 (1.04) <0.001 

  Sociodemographic a 1.17 (1.04) 1.34 (1.04 0.04 

  Lifestyle & disease b 1.25 (1.04) 1.25 (1.04) 0.91 

  Depression & anxiety c 1.25 (1.04) 1.25 (1.04) 0.98 
IL-6 (pg/mL)    
  Unadjusted 0.79 (1.02) 0.91 (1.03) <0.001 

  Sociodemographic a 0.80 (1.02) 0.90 (1.03) 0.002 

  Lifestyle & disease b 0.82 (1.02) 0.87 (1.03) 0.14 

  Depression & anxiety c 0.82 (1.03) 0.87 (1.03) 0.13 
TNF-α (pg/mL)    
  Unadjusted 0.80 (1.02) 0.86 (1.02) 0.02 

  Sociodemographic a 0.82 (1.02) 0.84 (1.02) 0.30 

  Lifestyle & disease b 0.83 (1.02) 0.83 (1.03) 0.98 

  Depression & anxiety c 0.83 (1.02) 0.84 (1.03) 0.78 
Basal summary index    
  Unadjusted -0.13 (0.03) 0.15 (0.04) <0.001 

  Sociodemographic a -0.07 (0.03) 0.08 (0.04) 0.002 

  Lifestyle & disease b -0.02 (0.03) 0.02 (0.04) 0.51 

  Depression & anxiety c -0.02 (0.03) 0.03 (0.04) 0.38 
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LPS-stimulated inflammatory markers and the presence of chronic multi-site musculoskeletal pain 

Table 3 shows (adjusted) mean levels of LPS-stimulated inflammatory markers in controls and chronic 

multi-site musculoskeletal pain subjects in a random subsample (n=707). Unadjusted analyses 

indicated that chronic pain subjects had higher levels of LPS-stimulated IL-2, IL-8, TNF-β and MMP-2. 

After adjustment for sociodemographic factors, IL-2, IL-6, IL-8, TNF-α, TNF-β and MMP-2 were 

significantly higher in chronic pain subjects. After additional adjustment for lifestyle and disease 

variables, group differences remained significant for IL-2, TNF-β and MMP-2 (p<0.05), whereas these 

differences became not significant for IL-6, IL-8 and TNF-α (p>0.05). After adjustment for depression 

and anxiety factors, IFN-γ, IL-2, TNF-α and TNF-β were significant, whereas MMP-2 became non-

significant (p=0.08). The LPS-stimulated pro-inflammatory markers IFN-γ, IL-2, and TNF-α were higher 

in subjects with chronic pain than in control subjects, while the anti-inflammatory markers IL-4 and 

IL-10 did not significantly differ between the groups with and without chronic pain. 

The LPS summary index was significantly elevated in chronic pain subjects compared to controls 

both before and after adjustment for lifestyle and disease variables (Hedges’ g=0.18, p=0.003 after 

adjustment for sociodemographics). Adjustment for number of chronic diseases (ΔB=17%) and body 

mass index (ΔB=13%) most importantly weakened the association between the LPS summary index 

and chronic pain. After adjustment for depression and anxiety factors, the association between the 

LPS summary index and chronic pain became non-significant (Hedges’ g=0.12, p=0.07).  

Since depression and anxiety have been associated with elevated inflammatory levels[38,42], we 

examined whether lifetime diagnoses of depression and anxiety moderated the association between 

chronic pain and inflammatory markers. We therefore repeated analyses of covariance and added an 

interaction term (presence of chronic pain*presence of depression/anxiety) as a predictor variable. 

However, no significant chronic pain-by-depression/anxiety interaction term was found with any of 

the inflammatory markers (data not shown). 

Previous studies suggest that age moderates the association between stress and immune 

functioning[43]. Therefore, we repeated analyses of variance and added an interaction term 

(presence of chronic pain*age). No significant chronic pain-by-age interaction term was found for the 

basal summary index nor for the LPS summary index (data not shown).  
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Table 3. Unadjusted and adjusted means* for LPS-stimulated inflammatory  
markers in controls and subjects with chronic multi-site musculoskeletal pain 

 Controls(n=400) Chronic pain (n=307)  

 Adjusted mean (SE) Adjusted mean (SE) p 

IFN-γ (pg/mL)    

Unadjusted
 a 9.58 (1.03) 10.18 (1.03) 0.25 

Sociodemographic b 9.49 (1.03) 10.38 (1.04) 0.07 

Lifestyle & disease c 9.39 (1.03) 10.38 (1.04) 0.06 

Depression & anxiety d 9.39 (1.03) 10.49 (1.04) 0.04 

IL-2 (pg/mL)    

Unadjusted
 a 7.61 (1.03) 10.59 (1.03) 0.008 

Sociodemographic b 7.61 (1.03) 8.50 (1.03) 0.01 

Lifestyle & disease c 7.61 (1.03) 8.50 (1.03) 0.02 

Depression & anxiety d 7.54 (1.03) 8.50 (1.04) 0.02 

IL-4 (pg/mL)    

Unadjusted
 a 8.00 (1.04) 8.67 (1.04) 0.11 

Sociodemographic b 8.08 (1.04) 8.58 (1.04) 0.22 

Lifestyle & disease c 8.00 (1.04) 8.67 (1.04) 0.15 

Depression & anxiety d 8.08 (1.04) 8.58 (1.05) 0.32 

IL-6 (ng/mL)    

Unadjusted
 a 21.12 (1.03) 22.42 (1.03) 0.17 

Sociodemographic b 20.70 (1.03) 22.87 (1.03) 0.03 

Lifestyle & disease c 21.12 (1.03) 22.42 (1.04) 0.24 

Depression & anxiety d 21.12 (1.03) 22.42 (1.04) 0.20 

IL-8 (ng/mL)    

Unadjusted
 a 9.21 (1.03) 10.28 (1.03) 0.01 

Sociodemographic b 9.21 (1.03) 10.17 (1.03) 0.03 

Lifestyle & disease c 9.39 (1.03) 9.87 (1.03) 0.30 

Depression & anxiety d 9.49 (1.03) 9.78 (1.04) 0.52 

IL-10 (pg/mL)    

Unadjusted
 a 192.5 (1.04) 204.4 (1.04) 0.25 

Sociodemographic b 190.6 (1.04) 206.4 (1.04) 0.21 

Lifestyle & disease c 192.5 (1.04) 204.4 (1.04) 0.40 

Depression & anxiety d 194.4 (1.04) 202.4 (1.05) 0.58 

IL-18 (pg/mL)    

Unadjusted
 a 244.7 (1.02) 249.6 (1.02) 0.23 

Sociodemographic b 242.3 (1.02) 252.1 (1.03) 0.14 

Lifestyle & disease c 244.7 (1.02) 249.6 (1.02) 0.37 

Depression & anxiety d 244.7 (1.02) 249.6 (1.02) 0.59 

TNF-α (ng/mL)    

Unadjusted
 a 2.51 (1.03) 2.66 (1.03) 0.25 

Sociodemographic b 2.46 (1.03) 2.75 (1.03) 0.02 

Lifestyle & disease c 2.48 (1.03) 2.69 (1.04) 0.09 

Depression & anxiety d 2.46 (1.03) 2.75 (1.04) 0.04 

TNF-β (pg/mL)    

Unadjusted a 295.7 (5.87) 328.9 (6.71) <0.001 

Sociodemographic b 293.8 (5.91) 331.5 (6.81) <0.001 

Lifestyle & disease c 296.7 (6.12) 327.7 (7.12) 0.002 

Depression & anxiety d 297.4 (6.37) 326.7 (7.48) 0.007 
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Table 3. Unadjusted and adjusted means* for LPS-stimulated inflammatory  
markers in controls and subjects with chronic multi-site musculoskeletal pain 
(Continued) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

* Based on analyses of covariance; a adjusted for laboratory site; b additionally  

adjusted for sex, age and years of education; c additionally adjusted for alcohol use,  
smoking, body mass index, number of chronic diseases, physical activity and use  

of anti-inflammatory medication; d additionally adjusted for lifetime diagnoses of  
depressive and anxiety disorders and use of antidepressants. IFN-γ, interferon  
gamma; IL, interleukin; TNF, tumor necrosis factor; MCP, monocyte chemotactic  
protein; MIP, macrophage inflammatory protein; MMP, matrix metalloproteinase;  
LPS summary index = standardized sum of all standardized (ln-transformed) LPS- 
stimulated inflammatory markers.  
 
  

 Controls(n=400) Chronic pain (n=307)  

 Adjusted mean (SE) Adjusted mean (SE) p 
MCP-1 (ng/mL)    

Unadjusted a 1.35 (1.03) 1.40 (1.03) 0.28 

Sociodemographic b 1.35 (1.03) 1.39 (1.03) 0.53 

Lifestyle & disease c 1.38 (1.03) 1.36 (1.03) 0.71 

Depression & anxiety d 1.39 (1.03) 1.34 (1.04) 0.44 
MIP-1α (ng/mL)    

Unadjusted a 14.59 (1.03) 15.64 (1.03) 0.17 

Sociodemographic b 14.44 (1.03) 15.80 (1.04) 0.09 

Lifestyle & disease c 14.88 (1.03) 15.33 (1.04) 0.55 

Depression & anxiety d 14.73 (1.03) 15.33 (1.04) 0.44 
MIP-1β (ng/mL)    

Unadjusted a 204.4 (1.02) 212.7 (1.03) 0.23 

Sociodemographic b 204.4 (1.02) 214.9 (1.03) 0.11 

Lifestyle & disease c 206.4 (1.02) 210.6 (1.03) 0.57 

Depression & anxiety d 206.4 (1.02) 210.6 (1.03) 0.58 
MMP-2 (ng/mL)    

Unadjusted a 69.27 (0.84) 73.28 (0.96) 0.002 

Sociodemographic b 69.20 (0.84) 73.37 (0.97) 0.002 

Lifestyle & disease c 69.61 (0.87) 72.83 (1.02) 0.03 

Depression & anxiety d 69.82 (0.91) 72.56 (1.07) 0.08 
LPS summary index    

Unadjusted a -0.07 (0.04) 0.09 (0.04) 0.008 

Sociodemographic b -0.08 (0.04) 0.10 (0.04) 0.003 

Lifestyle & disease c -0.06 (0.04) 0.07 (0.05) 0.04 

Depression & anxiety d -0.05 (0.04) 0.07 (0.05) 0.07 
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Among subjects with chronic multi-site musculoskeletal pain, linear regression analyses showed no 

significant associations between pain intensity or pain disability with the basal summary index (n=754) 

nor with the LPS summary index (n=307) after adjustment for lifestyle and health factors (data not 

shown). Separate analyses for each inflammatory marker showed no significant association with pain 

severity after adjustment for covariates, with the exception of LPS-stimulated IL-10 (β= ̶ 0.12, p=0.02) 

and LPS-stimulated IFN-γ (β=0.13, p=0.03) with pain disability after adjustment for all confounders 

(results not shown).  

 

Discussion  

The objective of this study was to investigate the association between dysregulation of the immune 

system and the presence and severity of chronic multi-site musculoskeletal pain. Chronic pain subjects 

showed elevated levels of basal inflammatory markers, but this association was no longer significant 

after adjustment for lifestyle and disease variables. Chronic pain subjects showed elevated levels of 

some LPS-stimulated inflammatory markers, which remained after adjustment for lifestyle and 

disease variables.  

Our findings show that the association between basal inflammatory markers and chronic pain 

was more strongly influenced by lifestyle and disease factors than the association between LPS-

stimulated inflammatory markers and chronic pain. In particular, body mass index appeared to explain 

the association between basal inflammatory marker levels and chronic pain. Several studies have 

shown that chronic pain sufferers tend to be overweight[44,45] and that adipose tissue is an 

important determinant of a low-grade chronic inflammatory state as reflected by modestly elevated 

levels of IL-6, TNF-α and CRP[46,47]. Moreover, excess body weight has previously been related to 

worsening of multi-site pain symptoms[48,49]. Previous studies did not take these lifestyle factors 

into account[18,24,50] and might have misinterpreted the association between increased basal 

inflammatory levels and fibromyalgia. Our study suggests that obesity may contribute to a mild 

inflammatory state in chronic pain. Therefore, a healthy lifestyle that reduces overweight may 

potentially decrease inflammatory levels in patients with chronic pain[51]. 

Our finding of an increased LPS summary index in chronic multi-site musculoskeletal pain, which 

remained after adjustment for sociodemographics, lifestyle and disease variables, may indicate an 

enhanced innate immune response in chronic pain. The innate immune response reflects the 

production capacity of inflammatory markers and is known to be under strong genetic control[52]. To 

our knowledge, only one previous study has assessed both basal inflammation and the innate immune 

response[23]. Kwok et al. found unaltered basal level and increased LPS-stimulated level of IL-1β in 
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chronic pain patients[23]. Whereas their study was limited to one cytokine, our study was able to 

expand this finding to a broader range of cytokines. Our findings suggest that the innate immune 

response could serve as a potential biomarker for chronic pain.  

Overall, our findings suggest an upregulated innate inflammatory response in chronic pain. The 

association with chronic pain was indicated to be stronger for LPS-stimulated pro-inflammatory than 

anti-inflammatory cytokines. Among the most significant were MMP-2 and the pro-inflammatory 

cytokines IFN-γ and TNF-α. IFN-γ has been previously linked to fatigue, arthralgias and myalgias, 

whereas TNF-α has found to play a role in hyperalgesia, myalgia, fatigue, rapid eye movement (REM) 

sleep and depression[53]. MMP-2 plays a role in the breakdown of extracellular matrix and seems also 

involved in the arthritis syndrome[54] and peripheral nerve injury[55]. Thus, the enhanced innate 

immune response that was observed in our study, may reflect a disposition to respond with pro-

inflammatory cytokines that may induce central sensitization and contribute to pain 

hypersensitivity[15,16]. 

Glial cells might play an important role in the association between immune dysregulation and 

chronic pain. Some studies suggest that glial cells, releasing pro-inflammatory cytokines, play an 

important role in the creation and maintenance of pathological pain states[56]. It could be that with 

prolonged incoming pain signals, glial cells do not return to an inactivated state but remain 

‘primed’[57]. Subsequently, these ‘primed’ glial cells become sensitized to over-respond to pain 

signals, which might result in an ongoing immune response and chronic pain[58]. Therefore, blocking 

of glial activation has been proposed as pharmacological treatment for chronic pain[59]. In 

neurological research, glial cells and the accompanying cortical innate immune response were 

suggested to cause local neuronal excitability leading to epileptic seizures[60]. Although innate 

immunity likely plays a role in chronic pain, the complete understanding of underlying processes 

remains to be elucidated, also because cytokines interact with other biological mechanisms involved 

in chronic pain, such as the hypothalamic-pituitary-adrenal axis and the autonomic nervous 

system[61-63]. 

Within the chronic multi-site musculoskeletal pain group, we found no associations of 

inflammatory markers with pain severity, which may suggest that if subjects are sensitized to chronic 

pain, the increased activity of the immune system does not further amplify pain severity. Prospective 

studies should further investigate the possible differential role for immune dysregulation in the onset 

and perpetuation of chronic pain.  

One of the limitations of the current study is the cross-sectional design which does not allow us 

to draw conclusions regarding causality. Longitudinal studies should investigate whether the 

enhanced innate immune response is a contributing factor, correlate, or consequence of chronic 
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multi-site musculoskeletal pain. Second, most previous studies examined chronic widespread pain 

using diagnostic criteria by Wolfe et al.[64], whereas we examined pain in the extremities, the back 

and the neck. Extensive multi-site pain can occur without meeting the classification criteria for chronic 

widespread pain and therefore setting broader parameters for studying biological mechanisms in 

chronic pain patients might be needed[3,4]. Third, one of the criteria for chronic pain is pain for ≥3 

months, whereas we used the CPG that assesses the number of days in pain in the prior 6 months. 

However, subjects with chronic pain in this study had on average 115 days of pain (~4 months) in the 

prior 6 months. It is likely that most of our chronic pain subjects met the criteria of pain ≥3 months, 

and it is unlikely that the slight deviation with regard to the criterion of pain duration explains our 

findings. Fourth, our study did not assess pain duration beyond the period of 6 months. As 

physiological responses depend on the duration of stress such as pain[22], future studies could 

compare inflammatory profiles between persons in the early stage of chronic pain and persons who 

have lived with the condition for years. Finally, we included persons with grade I on the CPG and pain 

in ≤2 locations in the control group in order to increase its sample size. Comparisons with a more strict 

control group might elucidate even stronger associations. However, chronic pain in 1 or 2 locations is 

quite common in the population[2] which suggests that our control group resembled the general 

population and even improved the generalizability of our findings.  

Nonetheless, our study is one of the first to assess cytokine levels after LPS-stimulation in subjects 

with chronic multi-site musculoskeletal pain and provides clear evidence that this novel technique of 

ex vivo stimulation is useful in detecting immune dysregulation in chronic pain. Other strong aspects 

of this study include a large sample size and the possibility to control for relevant covariates that were 

rigorously examined in this study.  

In summary, the present study showed increased basal inflammatory markers in chronic multi-

site musculoskeletal pain compared with controls, but statistical significance was lost after 

adjustment for lifestyle and disease variables. Therefore, these variables should be taken into account 

when examining immune function in chronic pain. Moreover, suggestive evidence for an enhanced 

innate immune response was found in chronic multi-site musculoskeletal pain. Future longitudinal 

studies should investigate whether an enhanced immune response is associated with the onset or 

perpetuation of chronic multi-site musculoskeletal pain.  
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Supplementary Tables 
 
 
Supplementary Table 1. Intercorrelations  
between basal inflammatory markers 

 
 
 
 

 
 
 
 
 
 

Based on Pearson’s r. Levels of basal  
inflammatory markers were ln-transformed  
prior to analyses.  
** Correlation is significant at the 0.01 level 

 
 
 
Supplementary Table 2. Intercorrelations between LPS-stimulated inflammatory markers 

Based on Pearson’s r. Levels of LPS-stimulated inflammatory markers were ln-transformed prior to 
analyses. ** Correlation is significant at the 0.01 level; * Correlation is significant at the 0.05 level 
 

  

  CRP IL-6 TNF-α 

CRP 1   

IL-6  .31** 1  

TNF-α .13** .11** 1 

 
 IFN-γ IL-2 IL-4 IL-6 IL-8 IL-10 IL-18 TNF-α TNF-β 

MCP-
1 

MIP-
1α 

MIP-
1β 

MMP-
2 

IFN-γ  1             

IL-2  .54** 1            

IL-4  .27** .34** 1           

IL-6  .78** .62** .28** 1          

IL-8  .32** .42** .34* .54** 1         

IL-10  .47** .28** .09* .51** .21** 1        

IL-18  .43** .42** .28** .53** .51** .23** 1       

TNF-α  .79** .53** .30** .86** .43** .47** .48** 1      

TNF-β  .64** .69** .38** .73** .44** .47** .52** .68** 1     

MCP-1  .52** .45** .21** .64** .61** .47** .50** .51** .52** 1    

MIP-1α  .66** .53** .32** .81** .66** .46** .52** .77** .66** .69** 1   

MIP-1β  .68** .50** .26** .81** .53** .60** .49** .76** .67** .70** .93** 1  

MMP-2  .67** .68** .37* .77** .57** .49** .53** .69** .81** .75** .77** .76** 1 
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Supplementary Table 3. Correlations and group comparisons for covariates  
with basal and LPS-stimulated inflammatory markers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1
 based on one-way analyses of variance for dichotomous and categorical variables and  

Pearson’s r for continuous variables. 
 
 

 

 

 

  

 

Basal summary 
index 

 LPS summary 
index  

 

Mean (SD) or  
r  

p1 Mean (SD) or  
r  

p1 

Age 0.16 <0.001 0.15 <0.001 

Sex  0.12  <0.001 

Men ̶ 0.05 (0.97)  0.24 (1.00)  

Women 0.03 (1.01)  ̶ 0.14 (0.97)  

Education ̶ 0.20 <0.001 ̶ 0.12 0.002 

Body mass index 0.38 <0.001 0.13 0.001 

Smoking status     

Never smoker ̶ 0.06 (1.01) ref ̶ 0.13 (1.06) ref 

Former smoker ̶ 0.04 (0.99) 0.30 ̶ 0.03 (0.96) 0.51 

Current smoker 0.08 (1.00) 0.01 0.15 (0.97) 0.004 

Alcohol intake     

None 0.22 (1.01) ref ̶ 0.04 (1.03) ref 

Moderate ̶ 0.13 (0.97) <0.001 0.01 (0.97) 0.83 

Heavy 0.07 (1.04) 0.29 0.07 (1.09) 0.51 

Physical activity 0.01 0.84 ̶ 0.02 0.66 

Number of chronic diseases 0.16 <0.001 0.13 0.001 

Anti-inflammatory 
medication 

 0.05  0.07 

No ̶ 0.02 (0.98)  ̶ 0.03 (1.03)  

Yes 0.11 (1.09)  0.15 (0.84)  

Lifetime diagnoses of 
depression and anxiety 

 0.009  0.005 

No ̶ 0.11 (0.97)  ̶ 0.16 (1.04)  

Yes 0.04 (1.01)  0.07 (0.98)  

Antidepressants  <0.001  0.40 

No ̶ 0.05 (0.98)  ̶ 0.02 (1.01)  

Yes 0.17 (1.03)  0.06 (0.96)  
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Abstract 

Introduction Dysregulated biological stress systems and adverse life events, independently and in 

interaction, have been hypothesized to initiate chronic pain. We examine whether (1) function of 

biological stress systems, (2) adverse life events, and (3) their combination predict the onset of chronic 

multi-site musculoskeletal pain. 

Methods Subjects (n=2039) of the Netherlands Study of Depression and Anxiety, free from chronic 

multi-site musculoskeletal pain at baseline, were identified using the Chronic Pain Grade 

questionnaire and followed-up for the onset of chronic multi-site musculoskeletal pain over 6 years. 

Baseline assessment of biological stress systems comprised function of the hypothalamic-pituitary-

adrenal axis (1-hour cortisol awakening response, evening levels and post-dexamethasone levels), the 

immune system (basal and lipopolysaccharide-stimulated inflammation) and the autonomic nervous 

system (heart rate, pre-ejection period, SD of the normal-to-normal interval and respiratory sinus 

arrhythmia). The number of recent adverse life events was assessed at baseline using the List of 

Threatening Events Questionnaire. 

Results Hypothalamic-pituitary-adrenal axis, immune system and autonomic nervous system 

functioning was not associated with onset of chronic multi-site musculoskeletal pain, either by itself 

or in interaction with adverse life events. Adverse life events did predict onset of chronic multi-site 

musculoskeletal pain (HR per event=1.14, 95% CI=1.04-1.24, p=0.005).  

Conclusions This longitudinal study could not confirm that dysregulated biological stress systems 

increase the risk of developing chronic multi-site musculoskeletal pain. Adverse life events were a risk 

factor for the onset of chronic multi-site musculoskeletal pain, suggesting that psychosocial factors 

play a role in triggering the development of this condition.  
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4 Biological stress systems, life events and onset of chronic pain 

Introduction 

Chronic pain without a known pathological source may be the consequence of alterations in biological 

stress systems function resulting in abnormal pain perception[1,2]. A dominant hypothesis suggests 

that dysregulations of the hypothalamic-pituitary-adrenal (HPA)-axis, the immune system (IMS) and 

the autonomic nervous system (ANS) contribute to initiating chronic pain[3]. This may occur through 

central sensitization, a process of hypersensitivity of neural nociceptive pathways[4]. Adverse life 

events may trigger central sensitization and aggravate the impact of dysfunction of biological stress 

systems on chronic pain[3,5]. 

Previous studies found impaired HPA axis function, mostly indicated by hypocortisolemia, in 

chronic pain[6-10]. One prospective study found that a blunted diurnal cortisol rhythm and non-

suppression of the HPA axis were associated with new-onset chronic widespread pain among 

psychologically at-risk subjects[5]. Also, IMS dysfunction has been demonstrated in chronic pain[11]. 

We recently found unaltered levels of basal inflammatory markers but elevated levels of 

lipopolysaccharide (LPS)-stimulated inflammatory markers in chronic multi-site musculoskeletal pain, 

possibly indicative of an enhanced innate immune response[12]. Moreover, impaired sympathetic and 

parasympathetic activity of the ANS have been shown in chronic pain[3,13-15], although we recently 

showed parasympathetic dysregulations to be associated with the severity, but not the presence of 

chronic pain[16]. Some cross-sectional studies suggest an association between recent adverse life 

events and chronic pain[17,18]. One longitudinal study found that experiencing two or more adverse 

life events (related to relationships, unemployment, illness, and financial problems) predicted chronic 

widespread pain onset[19]. Although longitudinal evidence is limited, trigger incidents, such as 

adverse life events, in combination with dysregulated biological stress systems have been 

hypothesized as a risk factor for developing chronic pain[3,5].  

Most previous studies that examined biological stress systems and life events in relation to 

chronic pain were cross-sectional and did not take relevant confounders such as lifestyle, chronic 

diseases, depression and anxiety into account. This 6-year longitudinal study examines whether (1) 

function of biological stress systems (HPA axis, IMS and ANS), (2) adverse life events, and (3) the co-

occurrence of biological function and adverse life events predict the onset of chronic multi-site 

musculoskeletal pain, while adjusting for the aforementioned confounders.  

 

Methods 

Sample  

Longitudinal data are from the Netherlands Study of Depression and Anxiety, an ongoing cohort study 

conducted among 2981 adults (18-65 years at baseline) with and without depression or anxiety[20] 
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(see supplement 1). Baseline data collection took place between 2004 and 2007, with follow-up 

assessments 2 years, 4 years and 6 years later. Subjects who were free of chronic multi-site 

musculoskeletal pain at baseline (n=2213; see below) were selected. Of these eligible subjects, 2039 

subjects had follow-up data on pain available. Included subjects (n=2039) had lower pain intensity 

and disability scores at baseline (p<0.001), had fewer years of education (p<0.001), had less often a 

lifetime depressive and/or anxiety disorder (p<0.001) and less often experienced adverse life events 

(p=0.02), but did not differ in sex, age and biological stress systems function, compared with persons 

who were lost to follow-up (n=174). From these 2039 subjects, baseline data for HPA axis were 

available of 1464 subjects (persons using corticosteroids were excluded: n=72), for basal inflammation 

of 2022 subjects, for LPS-stimulated inflammation of 862 subjects, for ANS of 1951 subjects and for 

life events of all 2039 subjects. 

 

Onset of chronic multi-site musculoskeletal pain  

Chronic multi-site musculoskeletal pain was defined using the Chronic Pain Grade (CPG)[21]. The CPG 

first inquires about the presence of pain in the prior 6 months in the extremities (joints of the arms, 

hands, legs or feet), back, neck, head, abdomen, chest, and the orofacial area (mouth and face)[22]. 

The subsequent questions in the CPG refer to the most painful location and include: (1) days in pain 

in the prior 6 months (scale 0-180); (2) pain at this moment (scale 0-10); (3) worst pain in the prior 6 

months (scale 0-10); (4) average pain in the prior 6 months (scale 0-10); (5) disability days in the prior 

6 months (scale 0-180); (6) disability in daily activities(scale 0-10); (7) disability in spare time, social 

life, and family activities (scale 0-10); and (8) disability in work (scale 0-10). A total pain intensity score 

was calculated using questions 2, 3 and 4 of the CPG; a total pain disability score was calculated using 

questions 6, 7 and 8 of the CPG (average of the 0-10 ratings of the 3 questions multiplied by 10 

resulting in a 0-100 score)[21]. According to the CPG protocol, five grades were categorized from these 

measures: grade 0 (pain-free, no pain in the prior 6 months); grade I (low disability, low intensity); 

grade II (low disability, high intensity); grade III (high disability, moderately limiting); and grade IV 

(high disability, severely limiting)[21]. We defined chronic multi-site musculoskeletal as grade I, II, III 

or IV on the CPG and pain present in the extremities, the back, and the neck[12]. Subjects with chronic 

multi-site musculoskeletal pain at baseline were excluded from analyses. Participants were classified 

as having onset of chronic multi-site musculoskeletal pain if they met these criteria at one of the 

follow-up assessments (2 years, 4 years or 6 years). We also refer to chronic multi-site musculoskeletal 

pain as ‘chronic pain’. 
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4 Biological stress systems, life events and onset of chronic pain 

Biological stress systems 

HPA axis  

Saliva samples were collected at home using Salivettes (Sarstedt AG and Co, Numbrecht, Germany) at 

seven time points within a median of 9 days (IQR=5-22) after the baseline interview[23]. Cortisol 

analysis was performed by competitive electrochemiluminescence (E170 Roche, Switzerland). The 

cortisol awakening response included sampling points at awakening, and 30 min, 45 min, and 60 min 

later. Using formulas described by Pruessner et al.[24], the area under the curve with respect to the 

ground (AUCg) and with respect to the increase (AUCi) were calculated based on the four morning 

cortisol measures. Evening cortisol was averaged over two evening values (10 p.m. and 11 p.m.). The 

cortisol suppression ratio was calculated as the cortisol value at awakening on the first day divided by 

the cortisol value at awakening on the next day after ingestion of 0.5 mg dexamethasone the evening 

before (directly after the saliva sample at 11 p.m.).  

 

Immune system  

Basal inflammatory markers included C-reactive protein (CRP), interleukin (IL)-6 and tumor necrosis 

factor (TNF)-α. Fasting morning blood samples were kept frozen at   ̶80°C. CRP was assayed using a 

high-sensitivity in-house ELISA based on purified protein and polyclonal anti-CRP antibodies (Dako, 

Glostrup, Denmark). IL-6 was assayed using a high-sensitivity ELISA (PeliKine-CompactTM ELISA, 

Sanquin, Amsterdam). TNF-α was assayed using a high-sensitivity solid-phase ELISA (Quantikine HS 

Human TNF-α Immunoassay, R&D systems, Minneapolis, MN, USA). A basal summary index was 

calculated as the standardized sum of all three standardized ln-transformed basal inflammatory 

markers.  

The innate immune response of 13 cytokines was determined in whole blood that was ex vivo 

stimulated with LPS (10 ng/mL blood). LPS-stimulated samples were laid flat and incubated at a slow 

rotation for 5–6 hours at 37°C. Plasma was kept frozen at  ̶ 80°C. Using a multi-analyte profile (Human 

CytokineMAP A V.1.0; Myriad RBM, Austin, TX, USA), interferon-γ, IL-2, IL-4, IL-6, IL-8, IL-10, IL-18,  

C-C motif chemokine 2 (CCL2), CCL3, CCL4, matrix metalloproteinase-2, TNF-α and TNF ligand 

superfamily member 1 were determined. An LPS summary index was calculated as the standardized 

sum of all 13 standardized ln-transformed markers and used in the analyses[12].  

 

Autonomic nervous system 

ANS functioning was assessed unobtrusively during the interview using the VU University Ambulatory 

Monitoring System (VU-AMS), recording the ECG and changes in thorax impedance from 6 electrodes 

placed on the chest and back for a period of ~2 hours[25, 26]. Breaks and non-stationary moments 
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were removed from the registration. Mean heart rate, pre-ejection period (PEP), SD of the normal-to-

normal interval (SDNN), and respiratory sinus arrhythmia (RSA) were determined[16,27].  

 

Adverse life events 

The number of adverse life events (0-13) was assessed at baseline using the List of Threatening Events 

Questionnaire[28,29]. The list assesses twelve recent life stressors in the year preceding the baseline 

assessment such as death of a close friend or relative[30]. We additionally inquired whether subjects 

experienced any other adverse life event in the past year.  

 

Covariates 

Baseline covariates were selected a priori based on previous studies on biological stress systems 

function and chronic pain. A first set of covariates included sociodemographic variables, cortisol 

sampling factors (HPA axis analyses)[31], laboratory site (LPS analyses) and respiration rate (RSA 

analyses)[32]. A second set of covariates included several lifestyle and disease factors [body mass 

index, smoking, alcohol intake[33], physical activity[34], chronic somatic diseases, use of anti-

inflammatory medication (IMS analyses), and use of β-blocking agents and other heart medication 

(ANS analyses)]. Since depression and anxiety may confound the association between biological 

variables and pain, the third set of covariates comprised lifetime diagnoses of depressive and anxiety 

disorders[35] and use of antidepressants (see supplement 1 for details).  

 

Statistical analyses  

Baseline characteristics were compared between subjects with and without onset of chronic pain 

using independent-samples t-tests for continuous variables, χ2 tests for dichotomous and categorical 

variables, and Mann-Whitney U tests for non-normally distributed variables. Adjusted Cox’s 

regression analyses were used to examine the associations of each biological variable and adverse life 

events with the onset of chronic pain. Values for evening cortisol, cortisol suppression ratio and basal 

inflammatory markers were ln-transformed to normalize distributions. Proportional hazards were 

verified. A potential moderating effect of life events in the association between biological stress 

systems and chronic pain onset was examined by adding an interaction term (biological 

variable*number of life events) to each analysis. Since the HPA axis could be hypoactive or 

hyperactive[9], non-linear associations between cortisol measures and chronic pain onset were 

examined by entering quadratic terms of cortisol measures to the model also including the linear 

terms. Since our previous study found hypocortisolemia particularly among chronic pain subjects 

without depressive or anxiety disorders[9], we tested whether lifetime depression and/or anxiety 
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4 Biological stress systems, life events and onset of chronic pain 

moderated the association between biological stress systems and chronic pain onset by including 

biological variable* psychopathology (yes/no) interaction terms in the analyses. Follow-up time was 

included as 2 years, 4 years or 6 years. Subjects were censored in the analysis at the last recorded 

follow-up. 

Three models were tested: (1) adjusted for sociodemographic variables (and cortisol sampling 

factors, laboratory site and respiration rate); (2) additionally adjusted for lifestyle and disease factors 

(and use of anti-inflammatory medication, β-blocking agents and other heart medication), and; (3) 

additionally adjusted for lifetime depression and/or anxiety and use of antidepressants (see 

covariates).  

For all statistical tests, a probability level of ≤5% was regarded as significant. For testing 

interactions, this level was set at ≤10%. The statistical calculations were performed using SPSS V.20 

for Windows (IBM, Armonk, NY, USA). 

 

Results 

Sample characteristics 

Of 2039 subjects, 11% developed chronic multi-site musculoskeletal pain over 2 years, 17% over 4 

years, and 21% over 6 years.  

Persons who developed chronic pain had higher pain scores at baseline, were significantly older, 

were more often female, had less years of education, had a higher body mass index, had more chronic 

diseases, used more often heart medication, had more often a lifetime depressive and/or anxiety 

disorder, had higher evening cortisol, had lower RSA and SDNN, and had more adverse life events at 

baseline (see Table 1 for baseline characteristics). 

 
 

Table 1. Baseline characteristics* comparing subjects with and without onset of chronic multi-site 
musculoskeletal pain over 6 years follow-up 

  

 No onset of chronic 
pain (n=1608) 

Onset of chronic 
pain (n=431) 

P† 

Pain scores    

  Pain intensity 33.0 (19.3) 44.3 (18.4) <0.001 

  Pain disability 19.7 (22.7) 29.0 (25.8) <0.001 

Sociodemographic factors    

  Age, years 40.4 (13.4) 42.8 (12.4) 0.001 

  Women, % 62.6 69.6 0.007 

  Education, years 12.7 (3.2) 12.1 (3.2) 0.001 

Sampling factors    

  Time of awakening 7:25 (1:01) 7:28 (1:16) 0.33 

  Working on day of sampling, % 73.9  68.2 0.02 
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Table 1. Baseline characteristics* comparing subjects with and without onset of chronic multi-site 

musculoskeletal pain over 6 years follow-up (Continued) 

* Values are mean ± SD unless otherwise indicated. † Based on independent-samples t-tests for continuous 

variables, χ2 tests for dichotomous and categorical variables and Mann-Whitney U tests for non-normally 
distributed variables. Smoking/alcohol drinking: reference group consists of non-smokers/non-alcohol drinkers.  
P Values are for illustrative purposes only and are uncorrected for multiple testing. ANS, autonomic nervous 
system; AUCg, area under the curve with respect to the ground; AUCi, area under the curve with respect to the 
increase; CRP, C-reactive protein; HPA, hypothalamic-pituitary adrenal; IL-6, interleukin-6; IMS, immune system, 
LPS, lipopolysaccharide; MET, resting metabolic rate multiplied by minutes of physical activity per week; PEP,  
pre-ejection period; RSA, respiratory sinus arrhythmia; SDNN, SD of the normal-to-normal interval; TNF-α, tumor 

necrosis factor-α. 

 No onset of 
chronic pain 

(n=1608) 

Onset of 
chronic pain 

(n=431) 

P† 

Sampling factors    

  Sampling in month with more daylight, % 68.1 65.9 0.39 

  ≤6h sleep, % 19.8 29.9 <0.001 

  Respiration rate, breaths/minute   17.1 (1.2) 17.1 (1.1) 0.45 

Lifestyle and disease factors    

  Body mass index, kg/m2 25.1 (4.7) 25.9 (5.5) 0.001 

  Former smoker, % 34.6 34.6 0.99 

  Current smoker, % 35.6 38.5 0.27 

  Mild/moderate alcohol drinker, %  60.2 57.1 0.24 

  Heavy alcohol drinker, % 12.0 10.7 0.45 

  Physical activity, 1000 MET min./week, median [IQR]   2.9 [1.5-4.8] 3.0 [1.5-4.7] 0.29 

  Number of chronic diseases       0.43 (0.72) 0.64 (0.93) <0.001 

  Anti-inflammatory medication, % 14.9  18.1 0.11 

  β-blocking agents, % 6.6 9.0 0.08 

  Other heart medication, % 8.7 13.7 0.002 

Depression and anxiety factors    

  Lifetime depressive or anxiety disorder, % 71.4 81.9 <0.001 

  Antidepressant medication, % 21.7 25.8 0.07 

Biological stress systems function    

HPA axis    

  AUCg, nmol/l/h 18.8 (6.9) 19.6 (7.3) 0.08 

  AUCi, nmol/l/h 2.1 (6.1) 2.0 (6.7) 0.83 

  Mean evening level, nmol/l, median [IQR] 4.6 [3.3-6.3] 5.0 [3.5-7.0] 0.02 

  Cortisol suppression ratio, median [IQR] 2.5 [1.8-3.4] 2.3 [1.8-3.2] 0.22 

IMS    

  Basal CRP, mg/L, median [IQR] 1.1 [0.5-2.7] 1.2 [0.5-2.8] 0.44 

  Basal IL-6, pg/mL, median [IQR] 0.7 [0.5-2.6] 0.7 [0.5-1.3] 0.12 

  Basal TNF-α, pg/mL, median [IQR] 0.8 [0.6-1.1] 0.8 [0.6-1.1] 0.98 

  Basal summary index ̶ 0.06 (0.99) 0.04 (1.1) 0.07 

  LPS summary index ̶ 0.02 (0.99) ̶ 0.02 (1.1) 0.98 

ANS    

  Heart rate, beats/min 72 (9.7) 72 (9.9) 0.75 

  PEP, msec 120 (17.5) 118 (18.4) 0.06 

  SDNN, msec 69.4 (26.3) 65.9 (23.5) 0.01 

  RSA, msec 46.1 (26.8) 42.0 (21.7) 0.004 

Adverse life events    

Total number of adverse life events 0.6 (0.9) 0.8 (1.1) 0.007 
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Biological stress systems 

Table 2 reports the association between biological stress systems function and the onset of chronic 

multi-site musculoskeletal pain over 6 years. None of the HPA axis, IMS and ANS variables were 

associated with the onset of chronic pain after adjustment for covariates. Controlling for age 

eliminated the significant univariate associations as shown in Table 1 (evening cortisol: ΔB=16%; RSA: 

ΔB=46%; SDNN: ΔB=38%). 

 

Table 2. Associations*  between biological stress systems function and onset of  
chronic multi-site musculoskeletal pain 

 

 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

Onset of 
chronic pain  

 

 HR (95%CI) P N# 

HPA axis     

  AUCg a   1339 

    Sociodemographic adjusted 1 1.08 (0.97-1.21) 0.16  

    Lifestyle & disease adjusted 2 1.10 (0.98-1.24) 0.10  

    Depression & anxiety adjusted 3 1.08 (0.97-1.22) 0.17  

  AUCi a   1339 

    Sociodemographic adjusted 1 0.99 (0.88-1.11) 0.81  

    Lifestyle & disease adjusted 2 1.00 (0.89-1.12) 0.98  

    Depression & anxiety adjusted 3 0.99 (0.88-1.11) 0.80  

  Mean evening level a   1454 

    Sociodemographic adjusted 1 1.09 (0.97-1.22) 0.14  

    Lifestyle & disease adjusted 2 1.10 (0.97-1.24) 0.14  

    Depression & anxiety adjusted 3 1.09 (0.96-1.23) 0.19  

  Cortisol suppression ratio a       1375 

    Sociodemographic adjusted 1 0.98 (0.87-1.09) 0.67  

    Lifestyle & disease adjusted 2 0.99 (0.88-1.11) 0.79  

    Depression & anxiety adjusted 3 1.00 (0.89-1.12) 0.94  
IMS    

  CRP b    2016 

    Sociodemographic adjusted 1 1.00 (0.91-1.11) 0.97  

    Lifestyle & disease adjusted 2 0.95 (0.85-1.05) 0.30  

    Depression & anxiety adjusted 3 0.94 (0.85-1.05) 0.29  

  IL-6 b   2016 

    Sociodemographic adjusted 1 1.08 (0.98-1.18) 0.11  

    Lifestyle & disease adjusted 2 1.04 (0.94-1.14) 0.48  

    Depression & anxiety adjusted 3 1.04 (0.95-1.15) 0.40  

  TNF-α b   2002 

    Sociodemographic adjusted 1 1.00 (0.91-1.11) 0.95  

    Lifestyle & disease adjusted 2 0.98 (0.89-1.08) 0.65  

    Depression & anxiety adjusted 3 0.98 (0.88-1.08) 0.66  
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Table 2. Associations* between biological stress systems function and onset of  

chronic multi-site musculoskeletal pain (Continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

*Using Cox regression analyses; HR=Hazard ratio per 1 SD increase; ln-transformed variables  

were used for evening cortisol, post-dexamethasone cortisol and basal inflammatory markers.  

# Numbers of subjects do not total 2039 because of exclusion of subjects with missing or  

incomplete data. 1 adjusted for sex, age, years of education (and a cortisol sampling factors;  
c 

laboratory site; e respiration rate); 2 additionally adjusted for alcohol intake, smoking, body  

mass index, number of chronic diseases and physical activity (and b use of anti-inflammatory  

medication; d use of β-blocking agents or other heart medication); 
3 

additionally adjusted for  

lifetime diagnoses of depressive and anxiety disorders and use of antidepressants. ANS,  
autonomic nervous system; AUCg, area under the curve with respect to the ground; AUCi,  
area under the curve with respect to the increase; CRP, C-reactive protein; HPA, hypothalamic- 
pituitary-adrenal; IL-6, interleukin-6; IMS, immune system, LPS, lipopolysaccharide; PEP,  
pre-ejection period; RSA = respiratory sinus arrhythmia; SDNN, SD of the normal-to-normal  
interval; TNF-α, tumor necrosis factor-α. 

 

 Onset of 
chronic pain  

 

 HR (95%CI) P N# 

IMS    

  Basal summary index b   1994 

    Sociodemographic adjusted 1 1.04 (0.95-1.15) 0.39  

    Lifestyle & disease adjusted 2 0.99 (0.88-1.10) 0.78  

    Depression & anxiety adjusted 3 0.99 (0.89-1.10) 0.82  

  LPS summary index b,c   862 

    Sociodemographic adjusted 1 1.15 (0.95-1.39) 0.17  

    Lifestyle & disease adjusted 2 1.11 (0.91-1.34) 0.32  

    Depression & anxiety adjusted 3 1.08 (0.89-1.32) 0.42  
ANS    

  Heart rate d   1951 

    Sociodemographic adjusted 1 1.03 (0.94-1.13) 0.56  

    Lifestyle & disease adjusted 2 1.02 (0.92-1.12) 0.74  

    Depression & anxiety adjusted 3 1.01 (0.92-1.12) 0.78  

  PEP d   1937 

    Sociodemographic adjusted 1 0.93 (0.84-1.03) 0.14  

    Lifestyle & disease adjusted 2 0.93 (0.84-1.02) 0.13  

    Depression & anxiety adjusted 3 0.94 (0.85-1.04) 0.24  

  SDNN d   1951 

    Sociodemographic adjusted 1 0.94 (0.85-1.04) 0.22  

    Lifestyle & disease adjusted 2 0.95 (0.86-1.05) 0.34  

    Depression & anxiety adjusted 3 0.96 (0.87-1.06) 0.44  

  RSA d,e   1951 

    Sociodemographic adjusted 1 0.92 (0.83-1.03) 0.14  

    Lifestyle & disease adjusted 2 0.93 (0.84-1.04) 0.19  

    Depression & anxiety adjusted 3 0.95 (0.85-1.06) 0.35  
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No evidence was found for non-linear associations between cortisol measures and chronic pain (all 

quadratic terms: p>0.10). No moderating effect of depression and/or anxiety was found in the 

association between any biological variable with the onset of chronic pain (all p-interaction>0.10). We 

additionally checked whether associations existed for the first cortisol value at awakening and the 

diurnal cortisol slope (calculated by subtracting the value at 11 p.m. from the cortisol value at 

awakening and dividing it by the number of hours in-between the two samples), as these were cross-

sectionally associated with chronic pain before[9], but no such associations were found either. 

Analyses considering only subjects with chronic pain for ≥90 days (n=215) showed similar HR for all 

biological variables (p>0.05), but evening cortisol (fully adjusted HR[95%CI]=1.30[1.09-1.55]; 

p=0.003). Analyses adjusting for all covariates including pain intensity at baseline showed no 

significant associations for all biological variables (p>0.05). Additional analyses only including subjects 

who were largely pain-free at baseline (grade 0 or grade I on CPG and pain in at most two locations; 

n=831) showed similar non-significant HR for all biological variables (p≥0.10), but AUCg (HR[95%CI]= 

1.33[1.04-1.73]; p=0.04).  

 

Adverse life events 

Table 3 shows the association between adverse life events and the onset of chronic multi-site 

musculoskeletal pain over 6 years.  

 

Table 3. Association* between adverse life events and onset of chronic  

multi-site musculoskeletal pain (n=2039) 
 
 
 
 
 
 
 

 
 

 

*Using Cox regression analyses; HR=Hazard ratio per 1 additional life event.  

1 adjusted for sex, age, years of education; 
2 

additionally adjusted for alcohol  

intake, smoking, body mass index, number of chronic diseases and physical  

activity; 3 additionally adjusted for lifetime diagnoses of depressive and  

anxiety disorders and use of antidepressants. 

 

An increased number of recent adverse life events was significantly associated with a higher hazard 

of chronic pain onset before and after adjustment for confounders (fully adjusted: HR per life event= 

1.14 (95%CI=1.04-1.24, p=0.005). Additional analyses considering life events as a categorical variable 

[0 events (reference, n=1172), 1 event (n=515), 2 events (n=239) and 3 or more events (n=113)] 

 

Onset of 
chronic pain  

 HR (95%CI) P 

  Number of adverse life events   

    Sociodemographic 1 1.16 (1.06-1.27) 0.001 

    Lifestyle & disease 2 1.15 (1.06-1.26) 0.002 

    Depression & anxiety 3 1.14 (1.04-1.24) 0.005 
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showed that this association with chronic pain onset followed a linear trend (fully adjusted HR=1.13, 

1.41 and 1.60 subsequently). When adjusting for all covariates including pain intensity at baseline, we 

also showed significant associations with chronic pain onset (fully adjusted HR[95%CI]=1.12[1.02-

1.22], p=0.02). Additional analyses only including largely pain-free subjects at baseline (n=831) 

showed similar HR, however non-significant (fully adjusted: HR[95%CI]=1.14[0.90-1.44], p=0.27).  

Figure 1 shows the association between individual adverse life events and the onset of chronic 

pain. Nearly each life event showed a positive association with chronic pain onset, which were 

significant for separation from partner (6.1%; HR[95%CI]=1.49[1.02-2.18], p=0.04), serious financial 

problems (5.8%; HR[95%CI]=1.54[1.05-2.25], p=0.03), and other adverse life events [9.3%; HR 

[95%CI]=1.59[1.18-2.14], p=0.003; which included mainly death of others than friend or family (9.9%), 

problems with relationships (6.0%) and physical/sexual abuse (3.3%)].  

Analyses showed no moderating effect of adverse life events in the association between 

biological stress systems function and chronic pain onset (all interaction terms: p>0.10, with the 

exception of evening cortisol: p=0.06).  

 

Figure 1. Associations* between each adverse life event and onset of chronic multi-site 
musculoskeletal pain 

 
Hazard ratio’s and 95% CI of the onset of chronic pain after 6 years. Prevalence of each event is  

indicated between brackets. *Using Cox’s regression analyses separate for each event, adjusted for  

sex, age, years of education, alcohol intake, smoking, body mass index, number of chronic diseases, 
physical activity, lifetime diagnoses of depressive and anxiety disorders and use of antidepressants.  
Total number of adverse life events: HR per 1 additional life event.   

  

 0,0  0,5  1,0  1,5  2,0  2,50.0            0.5        1.0            1.5              2.0           2.5

     2.5 

Serious financial problems (5.8%) 

You were fired (3.7%) 

A friendship with close friend or family member ended (4.9%) 

Seriously ill, wounded or victim of violence (2.6%)  

Friend or family member died (9.3%) 

Something valuable or money was stolen or lost (4.3%) 

Became unemployed or looked for a job without result (4.8%) 

Contact with police or justice by misdemeanour (3.4%) 

Seriously ill, wounded or victim of violence of family member (9.0%)   

Parent, child, brother or sister died (2.2%) 

Separation from partner (6.1%) 

Another serious adverse life event (9.3%) 

Serious problem with close friend, family member or neighbour (5.8%) 

Total number of adverse life events 
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Discussion 

This longitudinal study showed that HPA axis, IMS and ANS functioning did not predict the onset of 

chronic multi-site musculoskeletal pain, either as a main effect or in interaction with adverse life 

events. However, adverse life events by themselves did predict the onset of chronic multi-site 

musculoskeletal pain independently of biological stress systems function, sociodemographics, 

lifestyle, chronic diseases, depression and anxiety.  

In contrast with a dominant hypothesis in the field[3], our large-scale study including a multitude 

of biological variables could not confirm that altered function of three major biological stress systems 

predicts chronic pain development. Only one previous longitudinal study examined the association of 

biological stress systems function with chronic pain onset[5]. This study showed that HPA axis 

alterations predicted new-onset chronic widespread pain after 15 months[5]. In that study, a 

psychosocially at-risk group was selected based on their somatic symptoms and illness behavior[5,36]. 

Perhaps these subjects were more vulnerable to HPA axis changes than subjects in our study. The 

distinct findings might also be explained by measurement differences, for example, in the assessment 

of pain, depression or cortisol[37]. Several cross-sectional studies showed biological alterations in 

chronic pain[3,8], also in the Netherlands Study of Depression and Anxiety sample[9,12]. Our current 

finding of no associations with chronic pain onset might therefore suggest that these biological 

changes are consequences rather than risk factors for developing this condition. Chronic pain itself, 

by acting as a chronic stressor, with associated symptoms such as sleep disturbance, fatigue, 

depressed mood, and lower physical activity levels may be the cause of these biological alterations at 

a later stage[2]. 

In line with previous hypotheses[19,38], we demonstrated a significant effect of baseline adverse 

life events on chronic pain onset. This effect was neither modulated by biological variables, nor by 

depression or anxiety. This last finding is in contrast to previous studies showing negative life events 

to be relevant mainly in patients with prior psychiatric history[17]. We found strongest effects for 

‘another serious life event’, which might reflect more a subjective component than the more objective 

enumeration of the other events (1-12). Perhaps subjects with pain vulnerability are more likely to 

report negative life experiences[39, 40]. However, our findings might also suggest that exposure to 

psychosocial stress triggers the development of a chronic pain state.  

We assessed biological variables on 1 day, whereas HPA axis, ANS and IMS functioning fluctuates 

from day-to-day. Missing data does not seem differential for LPS-stimulated inflammation[12], but 

may be slightly differential for HPA axis markers[31]. Moreover, pain symptoms may fluctuate and 

therefore some subjects might have been misclassified. Our classification of chronic multi-site 

musculoskeletal pain was pain in the extremities, the back, and the neck in the prior 6 months. 
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Previous studies mostly defined chronic widespread pain, a cardinal symptom of the fibromyalgia 

syndrome, as axial and bilateral pain above and below the waist[41]. With this somewhat ‘less 

stringent’ definition, we may have included some patients with milder pain. However, the majority of 

patients with multi-site pain do not fulfil the ‘widespread’ criteria, but still suffer from high pain 

intensity, significant psychological distress and severe limitations in daily living[42]. Therefore, setting 

somewhat broader parameters for studying underlying mechanisms of chronic pain might be 

useful[42,43].   

Strong aspects of this study are the longitudinal design, the large sample size, and the assessment 

of a wide range of biological variables in relation to chronic pain onset while adjusting for a number 

of covariates. Moreover, interaction effects were tested with life events and with psychopathology 

that are known to influence biological stress systems functioning. Thus, if dysregulated biological 

stress systems would play an important role in the onset of chronic pain, our study should have been 

able to show this, especially since our cross-sectional findings did indicate biological alterations in 

chronic pain[9,12].  

In conclusion, this study does not support the hypothesis that dysregulated biological stress 

systems precede the development of chronic pain, which might suggest that biological changes are 

consequences rather than causes of the condition. Adverse life events may play a role in triggering 

the development of chronic pain. 
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Supplement 1: additional information on the NESDA study and covariates  

Netherlands Study of Depression and Anxiety (NESDA) 

The present study used data from the Netherlands Study of Depression and Anxiety (NESDA): an ongoing 

longitudinal cohort study in which 2981 participants (18-65 years at baseline), from which 94.8% were of 

North-European ancestry, were monitored to investigate the long-term course and consequences of 

depressive and anxiety disorders. To establish inclusion of patients at different developmental stages of 

their disorder, participants were recruited from the community (19%), from primary care (54%) through a 

screening procedure conducted among 65 General Practitioners, and from specialized mental health care 

(27%) when newly enrolled at one of the 17 participating mental health centers.  

At baseline, persons with a range of psychopathology were included: from those without a depressive 

or anxiety disorder (controls) to those with a current, first or recurrent (in the past 6 months) depressive 

or anxiety disorder and those with a remitted disorder (at baseline, a depressive and/or anxiety disorder 

was diagnosed in the past, but no diagnoses were present at 6 months before baseline). The disorders 

included dysthymia, major depressive disorder, general anxiety disorder, panic disorder, social phobia, and 

agoraphobia. Exclusion criteria were not being fluent in Dutch and a primary diagnosis of psychotic, 

obsessive compulsive, bipolar or severe addiction disorder.  

At the 4-h baseline assessment (2004–2007), extensive information was gathered about 

demographic, clinical, psychosocial, genetic and biological characteristics with written questionnaires, a 

face-to-face interview, a medical exam, an experimental computer task and blood collection. The research 

protocol was approved by the Ethical Committee of participating universities and written informed 

consent was obtained from all participants. Interviews were conducted by specially trained research staff. 

Penninx et al. [1] provided a detailed description of the NESDA study design and sampling procedures. 

 

Covariates 

A first set of covariates included sociodemographic characteristics (age, sex, and years of education); 

cortisol sampling factors (in HPA axis analyses) including awakening time, working on day of sampling 

(yes/no), month of sampling (light vs. dark month), and <6h sleep (yes/no)[2]; laboratory site (in LPS 

analyses); and respiration rate (breaths/minute, in RSA analyses)[3].  

A second set of covariates comprised several lifestyle and disease factors. Body mass index was 

calculated as body weight in kilograms divided by height in meters squared. Smoking was categorized as 

never, former or current smoker. Alcohol intake was categorized as non-drinker, mild/moderate drinker 

(1–21 (men)/1-14 (women) drinks/week), or heavy drinker (>21 (men)/>14 (women) drinks/week)[4]. 

Physical activity was assessed with the International Physical Activity Questionnaire and expressed as one’s 

resting metabolic rate multiplied by minutes of physical activity per week (MET-minutes per week)[5]. 

Chronic diseases (including cardiovascular disease, epilepsy, diabetes mellitus, osteoarthritis, stroke, 
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cancer, chronic lung disease, thyroid disease, liver disease, intestinal disorders, and ulcers) were assessed 

by self-report and considered present if persons were under treatment. Medication use was based on drug 

container inspection of all drugs used in the past month and classified according to the World Health 

Organization Anatomical Therapeutic Chemical (ATC) classification[6] and considered if frequently used 

(daily or >50% of the time). For IMS analyses, use of anti-inflammatory medication (ATC codes: M01A, 

M01B, A07EB, A07EC) was considered. For ANS analyses, use of heart medication (β-blocking agents [ATC 

code: C07] and other heart medication [ATC codes: C01, C02, C03, C04, C05, C08, C09]) was considered.  

Since depression and anxiety may confound the association between biological stress systems and 

pain[7, 8], a third set of covariates included lifetime diagnoses of depressive and/or anxiety disorders and 

use of antidepressant medication. Both current and prior diagnoses of depressive disorders (major 

depressive disorder, dysthymia) and anxiety disorders (panic disorder, agoraphobia, generalized anxiety 

disorder, social phobia) were established with the Composite International Diagnostic Interview (WHO 

version 2.1) according to DSM-IV criteria[9]. Frequent use (daily or >50% of the time) of tricyclic 

antidepressants (ATC code: N06AA), selective serotonin reuptake inhibitors (ATC code: N06AB) and other 

antidepressant medications (ATC codes: N06AF/AG/AX) was considered.  
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Biological stress systems, adverse life events and the remission of  

chronic multi-site musculoskeletal pain across a 6-year follow-up 
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Abstract 

Introduction Dysfunction of biological stress systems and adverse life events, both independently and 

in interaction, have been hypothesized to predict chronic pain persistence. Conversely, these factors 

may hamper the remission of chronic pain. Longitudinal evidence is currently lacking. We examined 

whether (1) function of biological stress systems, (2) adverse life events, and (3) their combination 

predict the remission of chronic multi-site musculoskeletal pain.  

Methods 665 subjects of the Netherlands Study of Depression and Anxiety (NESDA) with chronic 

multi-site musculoskeletal pain at baseline were followed-up 2, 4 and 6 years later. The Chronic Pain 

Grade questionnaire was used to determine remission of chronic multi-site musculoskeletal pain. 

Baseline assessment of biological stress systems included function of the hypothalamic-pituitary-

adrenal axis (1-hour cortisol awakening response, evening level and post-dexamethasone level), the 

immune system (basal and lipopolysaccharide-stimulated inflammatory markers) and the autonomic 

nervous system (heart rate, pre-ejection period, SD of the normal-to-normal interval and respiratory 

sinus arrhythmia). The number of adverse life events was assessed at baseline and 2-year follow-up 

using the List of Threatening Events Questionnaire.  

Results Hypothalamic-pituitary-adrenal axis, immune system and autonomic nervous system 

functioning and adverse life events were not associated with the remission of chronic multi-site 

musculoskeletal pain, neither as a main effect nor in interaction.  

Conclusions This longitudinal study could not confirm that biological stress systems dysfunction and 

adverse life events hamper the remission of chronic multi-site musculoskeletal pain.  

 

Perspective  

This longitudinal study showed that biological stress systems and adverse life events do not hamper 

remission of chronic multi-site musculoskeletal pain. It may be important to consider other 

determinants in order to identify which persons improve in their musculoskeletal symptoms.  
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5 Biological stress systems, life events and remission of chronic pain 

Introduction 

The persistence of chronic pain may be the consequence of both biological and psychosocial factors. 

Alterations in biological stress systems have previously been related to chronic pain[1,2]. A prominent 

hypothesis suggests that dysfunction of the hypothalamic-pituitary-adrenal (HPA) axis, the immune 

system (IMS) and the autonomic nervous system (ANS) might play a role in the persistence of chronic 

pain, presumably through maintaining central sensitization of the nervous system[3]. Furthermore, 

psychosocial trigger incidents, such as adverse life events, may exacerbate chronic pain further both 

directly as well as indirectly through increasing the impact of dysfunction of biological stress 

systems[4,5]. Conversely, biological dysfunction, adverse life events and their combination may 

hamper the remission of chronic pain.  

The hypothesis that biological stress systems and life events are involved in the course of chronic 

pain is supported mainly by cross-sectional findings. Several previous cross-sectional studies found 

lower levels of cortisol of the hypothalamic-pituitary-adrenal axis (HPA axis)[6-8] or increased 

sensitivity to feedback inhibition of the HPA axis[9] in chronic pain. In other studies, chronic pain 

patients showed an increased innate immune response[10,11] and altered parasympathetic and 

sympathetic activity of the autonomic nervous system[12,13]. Recent adverse life events have more 

consistently been associated with chronic pain in several cross-sectional studies[14,15]. Nevertheless, 

whether alterations in biological stress systems and adverse life events can also hamper the remission 

of chronic pain remains to be elucidated. 

Most previous studies that examined biological stress systems and life events in relation to 

chronic pain were cross-sectional and did not take relevant confounders such as lifestyle, chronic 

diseases or psychopathology into account. Longitudinal studies examining these associations in a large 

sample are currently lacking. This 6-year longitudinal study followed 665 subjects who had chronic 

multi-site musculoskeletal pain at baseline to examine whether (1) dysfunction of the HPA axis, IMS 

and ANS, (2) adverse life events, and (3) the interaction of biological dysfunction and life events, 

predicted the remission of chronic multi-site musculoskeletal pain across a 6-year follow-up, while 

adjusting for sociodemographics, lifestyle, chronic diseases, depression and anxiety. 

 

Methods 

Study sample 

The present study used longitudinal data from the Netherlands Study of Depression and Anxiety 

(NESDA): an ongoing cohort study in which 2981 participants (18-65 years at baseline), from which 

94.8% were of North-European ancestry, were monitored biannually for 6 years to investigate the 

long-term course and consequences of depressive and anxiety disorders. Participants were recruited 
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from the community (19%), from primary care (54%), and from specialized mental health care (27%). 

People in different developmental stages of psychopathology as well as controls with no psychiatric 

diagnosis participated. The disorders included dysthymia, major depressive disorder, general anxiety 

disorder, panic disorder, social phobia, and agoraphobia. Due to the design of the NESDA study, 

exclusion criteria were not being fluent in Dutch or a primary psychiatric diagnosis other than 

depression and anxiety (e.g. psychotic disorder, obsessive compulsive disorder, or severe addiction 

disorder). Baseline data collection took place between 2004 and 2007, with follow-up assessments 2, 

4 and 6 years later. The NESDA study contains a high proportion of subjects with chronic multi-site 

musculoskeletal pain and provides a unique opportunity to control for relevant variables such as 

depressive and anxiety disorders. The research protocol was approved by the Ethical Committee of 

participating universities and written informed consent was obtained from all participants. Penninx 

et al.[16] provided a detailed description of the NESDA study design and sampling procedures. 

Participants with chronic multi-site musculoskeletal pain at baseline were selected (n=767; see 

below for criteria) and followed up for the remission of chronic multi-site pain over 6 years. Of these 

eligible subjects, 665 subjects had data on pain at follow-up (2, 4 or 6 year) available (therefore, n=102 

were lost to follow-up). Baseline data were assessed on biological stress systems function and adverse 

life events. All subjects had baseline data available for at least one marker of biological stress systems, 

or for adverse life events. Included subjects (n=665) had lower baseline values for cortisol suppression 

ratio (median[IQR]=2.3[1.7-3.0] vs. 2.9[2.1-3.6], p=0.02), C-reactive protein (median[IQR]=1.3[0.6-2.9] 

vs. 1.5[0.9-4.7], p=0.05), respiratory sinus arrhythmia (mean[SD]=40.5[21.4] vs. 48.0[33.1], p=0.003) 

and higher total number of adverse life events (mean[SD]= 1.0[1.4], 0.7[1.0], p=0.02), but did not 

differ from excluded subjects (n=102) in the other variables of biological stress systems (p>0.05) [see 

section below for definitions of the biological markers].  

 

Remission of chronic multi-site musculoskeletal pain 

Chronic multi-site musculoskeletal pain was defined using the Chronic Pain Grade (CPG;[17]). The CPG 

first inquires about the presence of pain in the prior 6 months in the extremities (joints of the arms, 

hands, legs or feet), back, neck, head, abdomen, chest, and the orofacial area (mouth and face)[18]. 

The subsequent questions in the CPG refer to the most painful location and inquire 1) days in pain in 

the prior 6 months (scale 0-180); 2) pain at this moment (scale 0-10); 3) worst pain in the prior 6 

months (scale 0-10); 4) average pain in the prior 6 months (scale 0-10); 5) disability days in the prior 

6 months (scale 0-180); 6) disability in daily activities (scale 0-10); 7) disability in spare time, social life, 

and family activities (scale 0-10); and 8) disability in work (scale 0-10). For the assessment of pain 

severity, a total pain intensity score was calculated using questions 2, 3 and 4 of the CPG, and a total 
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pain disability score was calculated using questions 6, 7 and 8 of the CPG [average of the 0-10 ratings 

of the 3 questions multiplied by 10 resulting in a 0-100 score]. Disability points (scale 0-6) were 

calculated adding the total disability score (0-100) and the indicated points for disability days 

(question 5 of the CPG)[17]. Five grades were categorized: grade 0 (pain-free, no pain in the prior 6 

months); grade I (low disability [less than 3 disability points], low intensity [score below 50]); grade II 

(low disability, high intensity [score 50 or higher]); grade III (high disability, moderately limiting [3-4 

disability points regardless of pain intensity score]); and grade IV (high disability, severely limiting [5-

6 disability points regardless of pain intensity score]) (see for the CPG protocol:[17]). Following our 

previous studies[8,11], we defined chronic multi-site musculoskeletal pain as grade I, II, III or IV on the 

CPG and pain present in the prior 6 months in the extremities, the back and the neck. Remission was 

defined as being free of chronic multi-site musculoskeletal pain (in the prior 6 months) at one of the 

follow-up time points (2, 4 or 6 years). We also refer to this group with ‘remission of chronic multi-

site pain’. Time to remission described the first time-point at which this event occurred. Subjects 

whose chronic multi-site pain did not remit were classified as ‘persistent’ and still met the criteria of 

chronic multi-site musculoskeletal pain at all follow-up time points. All subjects were censored in the 

analysis at the last recorded follow-up.  

  

Biological stress systems 

Function of the HPA axis was assessed by collection of saliva samples at home using Salivettes 

(Sarstedt AG and Co, Numbrecht, Germany) at seven time points within a median of 9 days (IQR=5-

22) after the baseline interview. Cortisol analysis was performed by competitive electroche- 

miluminescence (E170 Roche, Switzerland). The cortisol awakening response included sampling 

points at awakening, and 30 min, 45 min, and 60 min later. Using formulas described by Pruessner et 

al.[19], the area under the curve with respect to the ground (AUCg) and with respect to the increase 

(AUCi) were calculated based on the four morning cortisol measures[20]. The AUCg is an estimate of 

the total cortisol secretion over the first hour of awakening, whereas the AUCi is a measure of the 

dynamic of the cortisol awakening response related to the sensitivity of the system and emphasizing 

the rate of change of the cortisol levels after awakening. In line with our previous work[21], we only 

used AUCg and AUCi as markers of the cortisol awakening curve in our analyses. Evening cortisol was 

averaged over two evening values (10 p.m. and 11 p.m.). To provide a measure of the negative 

feedback system of the HPA axis, the cortisol suppression ratio was calculated as the cortisol value at 

awakening on the first day divided by the cortisol value at awakening on the next day after ingestion 

of 0.5 mg dexamethasone the evening before (directly after the saliva sample at 11 p.m.). Cortisol 

values were assigned as missing if samples were collected outside of a margin of five minutes before 
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or after the time protocol. Also, a pilot test has been performed to rule out non-compliance with 

dexamathosone ingestion (see [20,21] for details on cortisol assessment and data cleaning proce- 

dures). 

For function of the IMS, both basal inflammation and the innate immune response were assessed 

as they have previously been related to chronic pain[11]. Fasting morning blood samples were kept 

frozen at -80°C and basal levels of inflammatory markers C-reactive protein (CRP), interleukin (IL)-6 

and tumor necrosis factor (TNF)-α were assayed. CRP was assayed using a high-sensitivity in-house 

ELISA based on purified protein and polyclonal anti-CRP antibodies (Dako, Glostrup, Denmark). IL-6 

was assayed using a high-sensitivity ELISA (PeliKine-CompactTM ELISA, Sanquin, Amsterdam, The 

Netherlands). TNF-α was assayed using a high-sensitivity solid-phase ELISA (Quantikine HS Human 

TNF-α Immunoassay, R&D systems, Minneapolis, MN, USA). Following our previous studies[11,22], a 

basal summary index was calculated as the standardized sum of all three standardized ln-transformed 

basal inflammatory markers. The innate immune response of 13 cytokines was determined in whole 

blood that was ex vivo stimulated with lipopolysaccharide (LPS; 10 ng/ml blood). LPS-stimulated 

samples were laid flat and incubated at a slow rotation for 5–6 hours at 37°C. Plasma was kept frozen 

at -80°C. Using a multi-analyte profile (Human CytokineMAP A V.1.0; Myriad RBM, Austin, TX, USA), 

interferon-γ, IL-2, IL-4, IL-6, IL-8, IL-10, IL-18, C-C motif chemokine 2 (CCL2), CCL3, CCL4, matrix 

metalloproteinase-2, TNF-α and TNF ligand superfamily member 1 were determined. As all cytokines 

were highly intercorrelated (Pearson’s r: mean±SD=0.60±0.18) and are known to increase after LPS-

stimulation[11], an LPS summary index was calculated as the standardized sum of all 13 standardized 

ln-transformed markers. To avoid multiple testing, only the basal summary index and LPS summary 

index were used in the analyses. 

ANS assessment was performed using the VU University Ambulatory Monitoring System (VU-

AMS) device, recording the electrocardiogram and changes in thorax impedance from 6 electrodes 

placed on the chest and back for a period of ~2 hours[23,24]. ANS markers included heart rate and 

pre-ejection period (PEP) as markers of sympathetic activity; and SD of the normal-to-normal interval 

(SDNN) and respiratory sinus arrhythmia (RSA) as markers of parasympathetic activity of the ANS [see 

[25,26] for details].  

 

Adverse life events 

Adverse life events were assessed at baseline using the List of Threatening Events Questionnaire 

(LTEQ)[27,28]. Twelve recent life stressors, such as death of a close friend or relative or serious 

financial problems, were assessed at baseline (events occurring in the year prior to baseline 

assessment) and at 2-year follow-up (events occurring in the two years in between the baseline and 
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this follow-up assessment). We additionally inquired whether subjects experienced any other adverse 

life event in the past year[29]. The total number of life events (0-13) were calculated and used in the 

analyses.  

 

Covariates 

Baseline covariates were selected a priori based on previous studies on biological stress systems 

function and chronic pain. A first set of covariates included sociodemographic characteristics (age, 

sex, and years of education); cortisol sampling factors (in HPA axis analyses) including awakening time, 

working on day of sampling (yes/no), month of sampling (light vs. dark month), and <6h sleep 

(yes/no)[20]; laboratory site (Amsterdam, Groningen, Leiden; in LPS analyses); and respiration rate 

(breaths/minute, in RSA analyses in line with previous research[30]). Cortisol sampling measures were 

chosen based on prior findings regarding determinants of HPA axis measures in our study[20]. 

Similarly, covariates for analyses of the LPS summary index and RSA were chosen based on prior 

findings[11,30]. A second set of covariates comprised several lifestyle and disease factors. Body mass 

index was calculated as body weight in kilograms divided by height in meters squared. Smoking was 

categorized as never, former or current smoker. Alcohol intake was categorized as non-drinker, 

mild/moderate drinker or heavy drinker[31]. Physical activity was assessed with the International 

Physical Activity Questionnaire and expressed as one’s resting metabolic rate multiplied by minutes 

of physical activity per week (MET-minutes per week)[32]. Total number of chronic diseases (including 

cardiovascular disease, epilepsy, diabetes mellitus, osteoarthritis, stroke, cancer, chronic lung disease, 

thyroid disease, liver disease, intestinal disorders, and ulcers) for which persons were under 

treatment were assessed by self-report. Medication use was based on drug container inspection of all 

drugs used in the past month and classified according to the World Health Organization Anatomical 

Therapeutic Chemical (ATC) classification[33]. Medication was considered if frequently used (daily or 

>50% of the time). For IMS analyses, anti-inflammatory medication (ATC codes: M01A, M01B, A07EB, 

A07EC) was considered. For ANS analyses, heart medication (β-blocking agents [ATC code: C07] and 

other heart medication [ATC codes: C01, C02, C03, C04, C05, C08, C09]) was considered. A third set of 

covariates included lifetime (current and prior) diagnoses of depressive and/or anxiety disorders and 

use of antidepressant medication as these factors might confound the association between biological 

stress systems and pain[4,34]. Lifetime diagnoses of depressive disorders (major depressive disorder, 

dysthymia) and anxiety disorders (panic disorder, agoraphobia, generalized anxiety disorder, social 

phobia) were established with the Composite International Diagnostic Interview (WHO version 2.1) 

according to DSM-IV criteria[35]. Use of tricyclic antidepressants (ATC code: N06AA), selective 
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serotonin reuptake inhibitors (ATC code: N06AB) and other antidepressant medications (ATC codes: 

N06AF/AG/AX) was considered.  

 

Statistical analyses  

Baseline characteristics were compared between subjects with and without remission of chronic 

multi-site pain using independent-samples t tests for continuous variables, χ2 tests for dichotomous 

and categorical variables, and Mann-Whitney-U tests for non-normally distributed variables. Cox’s 

regression analyses were performed to determine the associations between biological stress systems 

and adverse life events at baseline and remission of chronic multi-site pain over 6 years follow-up, 

while adjusting for confounders in three steps: (1) sociodemographic variables (age, sex and years of 

education), cortisol sampling factors (in HPA axis analyses), laboratory site (in LPS analyses), and 

respiration rate (breaths/minute, in RSA analyses); (2) ‘lifestyle and disease’: body mass index, 

smoking, alcohol intake, physical activity, chronic diseases, anti-inflammatory medication (IMS 

analyses) and β-blocking agents and heart medication (ANS analyses), (3) lifetime depression and/or 

anxiety and antidepressant use. Unique aspects of the Cox’s approach are studying time at risk for an 

event and the censoring of data at the last recorded follow-up measure if subsequent data are missing 

or if no event occurs. Proportional hazards were verified. Values for evening cortisol, cortisol 

suppression ratio and basal inflammatory markers were ln-transformed prior to analyses to normalize 

distributions. Missing data of biological stress systems (with the exception of the HPA-axis measures) 

were likely at random. Life events at 2-year follow-up were used for sensitivity analyses to test 

whether they were further predictive of remission of chronic multi-site pain at later follow-up 

measures.  

A potential moderating effect of life events in the association between function of biological 

stress systems and remission of chronic multi-site pain was examined by adding an interaction term 

(biological marker*number of life events) to each analysis. Also, since psychopathology[8] and pain 

intensity at baseline[36] might moderate the association between biological function and chronic 

multi-site pain, interaction terms ([biological marker*lifetime depression and/or anxiety]; [biological 

marker*pain intensity at baseline]) were separately tested and added to the analyses.  

For all statistical tests, a probability level of ≤5% was regarded as significant. To test interactions, 

this level was set at ≤10%. The statistical calculations were performed using SPSS V.20 for Windows 

(IBM, Armonk, NY, USA). 
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Results 

Of 665 subjects with chronic multi-site musculoskeletal pain at baseline, 28% did not remit of chronic 

multi-site pain at any of the available follow-up time points. Of remitted subjects (n=480), average 

time to remission was 3 years (46% remitted after 2 years, an additional 17% after 4 years, and an 

additional 9% after 6 years). Subjects with remitted chronic multi-site pain had lower baseline pain 

scores, were significantly younger, had more years of education, worked more often on day of cortisol 

sampling, and had more sleep than subjects with persistence of chronic multi-site pain (28%). 

Moreover, the remitted group had lower body mass index, were more often moderate alcohol 

drinkers, were more often physically active, had less often chronic diseases, used less often other 

heart medication, had less often a lifetime depressive or anxiety disorder, had lower values for IL-6, 

and higher values for SDNN and RSA than the persistent group (see Table 1). 

 
 

Table 1. Baseline characteristics* comparing subjects with persistence and with remission of chronic 
multi-site musculoskeletal pain 

 Persistence of 

chronic multi-site 

pain (n=185) 

Remission of  

chronic multi-site  

pain (n=480) 

 

P† 

Pain scores    
  Pain days 134.8 (61.4) 100.0 (70.2) <0.001 
  Pain intensity 58.3 (15.6) 50.6 (18.0) <0.001 
  Pain disability 48.3 (23.1) 35.9 (26.0) <0.001 
Sociodemographic factors    
  Age, years 48.4 (10.6) 43.8 (12.2) <0.001 
  Women, % 78.4 71.2 0.06 
  Education, years 10.8 (3.2) 11.6 (3.2) 0.002 
Cortisol sampling factors    
  Time of awakening 7:30 (1:00) 7:30 (0:58) 0.66 
  Working on day of sampling, % 57.8 68.5 0.009 
  Sampling in month with more daylight, % 68.1 70.8 0.49 
  ≤6h sleep, % 43.8 31.0 0.003 
Lifestyle and disease factors    
  Body mass index, kg/m2, median [IQR] 26.0 [23.3-29.4] 24.9 [22.4-29.0] 0.03 
  Smoking, %   0.31 
  Never smoker 27.0 26.5  
  Former smoker 36.2 30.8  
  Current smoker 36.8 42.7  
  Alcohol use, %   0.001 
  Non-drinker 48.6 35.4  
  Mild/moderate alcohol drinker  38.4 54.0  
  Heavy alcohol drinker 13.0 10.6  
  Physical activity, 1000 MET min./week, median [IQR]   3.3 [1.9-5.0] 3.7 [1.5-5.7] 0.02 
  Number of chronic diseases       1.4 (1.2) 0.9 (0.9) <0.001 
  Anti-inflammatory medication, % 29.7 25.6 0.28 
  β-blocking agents, % 12.4 8.8 0.15 
  Other heart medication, % 20.0 13.3 0.03 
Depression and anxiety factors    
  Lifetime depressive or anxiety disorder, % 92.4 86.7 0.04 
  Antidepressant medication, % 30.8 30.4 0.92 
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Table 1. Baseline characteristics* comparing subjects with persistence and with remission of chronic 
multi-site musculoskeletal pain (Continued) 

* Values are mean ± SD unless otherwise indicated. † Based on independent-samples t-tests for continuous 

variables, χ2 tests for dichotomous and categorical variables and Mann-Whitney U tests for non-normally 
distributed variables. MET = resting metabolic rate multiplied by minutes of physical activity per week 
(metabolic equivalent); HPA axis, hypothalamic-pituitary-adrenal axis; AUCg, area under the curve with 
respect to the ground; AUCi, area under the curve with respect to the increase; IMS, immune system; CRP,  
C-reactive protein; IL-6, interleukin-6; TNF-α, tumor necrosis factor-alpha; LPS = lipopolysaccharide; ANS, 
autonomic nervous system; PEP, pre-ejection period; SDNN, standard deviation of the normal-to-normal 
interval; RSA, respiratory sinus arrhythmia.  
 

 

 

To examine relevance of covariates, we performed multivariate Cox regression analyses including all 

covariates simultaneously. Lower age (HR[95%CI]=0.99[0.98-1.00] per year, p=0.03) and a lower 

number of chronic diseases (HR[95%CI]=0.87[0.78-0.96], p=0.006) seemed to significantly predict 

remission of chronic multi-site pain. Table 2 shows associations between function of the biological 

stress systems and remission of chronic multi-site musculoskeletal pain. None of the HPA axis, IMS 

and ANS variables were associated with chronic multi-site pain remission after adjustment for 

covariates (all p>0.05). 

 

  

 Persistence of  

chronic multi-site  

pain (n=185) 

Remission of  

chronic multi-site  

pain (n=480) 

 

P† 

Biological stress systems function 

 

   

HPA axis    

  AUCg, nmol/l/h 18.9 (6.9) 18.6 (6.5) 0.70 

  AUCi, nmol/l/h 2.8 (6.4) 2.5 (6.1) 0.69 

  Mean evening level, nmol/l, median 

[IQR] 

5.4 [3.4-6.9] 4.7 [3.3-6.6] 0.25 

  Cortisol suppression ratio, median [IQR] 2.2 [1.7-2.9] 2.4 [1.7-3.1] 0.39 

IMS    

  Basal CRP, mg/L, median [IQR] 1.4 [0.68-3.5] 1.3 [0.57-2.8] 0.29 

  Basal IL-6, pg/mL, median [IQR] 0.95 [0.60-1.5] 0.78 [0.51-1.2] 0.03 

  Basal TNF-α, pg/mL, median [IQR] 0.80 [0.60-1.1] 0.80 [0.60-1.0] 0.14 

  Basal summary index 0.11 (0.98) -0.04 (1.0) 0.10 

  LPS summary index 0.15 (0.74) -0.06 (1.1) 0.11 

ANS    

  Heart rate, beats/min 71.6 (9.7) 71.9 (9.2) 0.73 

  PEP, msec 120.6 (20.0) 120.8 (17.5) 0.89 

  SDNN, msec 60.5 (22.4) 66.7 (24.3) 0.003 

  RSA, msec 37.3 (19.4) 41.7 (22.0) 0.02 

  Respiration rate, breaths/minute   17.0 (1.2) 17.0 (1.1) 0.81 

Adverse life events    

Total number of adverse life events 0.69 (0.96) 0.77 (1.1) 0.37 
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Table 2. Associations* between biological stress systems function at baseline  
and remission of chronic multi-site musculoskeletal pain over 6 years follow-up 

 

 Remission of chronic 

multi-site pain  

 N HR per 1 SD (95%CI) P 

HPA axis     

  AUCg a 403    

    Sociodemographic adjusted 1  0.99 (0.88-1.11)  0.82 

    Lifestyle & disease adjusted 2  1.00 (0.88-1.13)  0.99 

    Depression & anxiety adjusted 3  1.01 (0.89-1.14)  0.90 

  AUCi a 403    

    Sociodemographic adjusted 1  1.00 (0.89-1.12)  0.96 

    Lifestyle & disease adjusted 2  1.01 (0.89-1.14)  0.89 

    Depression & anxiety adjusted 3  1.01 (0.90-1.14)  0.85 

  Mean evening level a 439    

    Sociodemographic adjusted 1  0.99 (0.89-1.11)  0.91 

    Lifestyle & disease adjusted 2  1.01 (0.89-1.14)  0.91 

    Depression & anxiety adjusted 3  1.01 (0.89-1.15)  0.87 

  Cortisol suppression ratio a    415    

    Sociodemographic adjusted 1  1.00 (0.89-1.13)  0.97 

    Lifestyle & disease adjusted 2  0.99 (0.89-1.12)  0.92 

    Depression & anxiety adjusted 3  1.00 (0.89-1.12)  0.97 
IMS     

  CRP b 650    

    Sociodemographic adjusted 1  0.99 (0.90-1.08)  0.80 

    Lifestyle & disease adjusted 2  0.99 (0.89-1.10)  0.87 

    Depression & anxiety adjusted 3  0.99 (0.89-1.10)  0.99 

  IL-6 b 649    

    Sociodemographic adjusted 1  0.99 (0.90-1.09)  0.84 

    Lifestyle & disease adjusted 2  1.00 (0.91-1.10)  0.99 

    Depression & anxiety adjusted 3  1.00 (0.91-1.10)  0.96 

  TNF-α b 647    

    Sociodemographic adjusted 1  0.98 (0.89-1.07)  0.61 

    Lifestyle & disease adjusted 2  0.98 (0.89-1.08)  0.69 

    Depression & anxiety adjusted 3  0.98 (0.89-1.08)  0.69 

  Basal summary index b 643    

    Sociodemographic adjusted 1  0.97 (0.89-1.07)  0.57 

    Lifestyle & disease adjusted 2  0.98 (0.88-1.09)  0.71 

    Depression & anxiety adjusted 3  0.98 (0.89-1.09)  0.73 

  LPS summary index b,c 266    

    Sociodemographic adjusted 1  0.88 (0.73-1.05)  0.16 

    Lifestyle & disease adjusted 2  0.88 (0.72-1.07)  0.19 

    Depression & anxiety adjusted 3  0.86 (0.70-1.05)  0.14 
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Table 2 Table 2. Associations* between biological stress systems function at  
baseline and remission of chronic multi-site musculoskeletal pain over 6 years  
follow-up  (Continued) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 

*Using Cox regression analyses; HR per 1 SD increase; ln-transformed variables were  

used for evening cortisol, post-dexamethasone cortisol and basal inflammatory markers.   

1 adjusted for sex, age, years of education (and 
a 

cortisol sampling factors; c 
laboratory  

site; 
e respiration rate); 2 

additionally adjusted for alcohol intake, smoking, body mass  

index, number of chronic diseases and physical activity (and b use of anti-inflammatory  

medication; 
d use of β-blocking agents or other heart medication); 3 

additionally adjusted  

for lifetime diagnoses of depressive and anxiety disorders and use of antidepressants. 
HPA axis, hypothalamic-pituitary-adrenal axis; AUCg, area under the curve with respect  
to the ground; AUCi, area under the curve with respect to the increase; IMS, immune  
system; CRP, C-reactive protein; IL-6, interleukin-6; TNF-α, tumor necrosis factor-alpha;  
LPS, lipopolysaccharide; ANS, autonomic nervous system; PEP, pre-ejection period;  
SDNN, SD of the normal-to-normal interval; RSA, respiratory sinus arrhythmia.  

 
 

  

 

 Remission of chronic 

multi-site pain  

     N HR per 1 SD (95%CI) P 

ANS     

  Heart rate d 641    

    Sociodemographic adjusted 1  0.99 (0.90-1.09)  0.86 

    Lifestyle & disease adjusted 2  1.00 (0.91-1.10)  0.96 

    Depression & anxiety adjusted 3  0.99 (0.90-1.10)  0.88 

  PEP d 632    

    Sociodemographic adjusted 1  1.03 (0.94-1.13)  0.56 

    Lifestyle & disease adjusted 2  1.03 (0.94-1.13)  0.61 

    Depression & anxiety adjusted 3  1.03 (0.93-1.14)  0.57 

  SDNN d 641    

    Sociodemographic adjusted 1  1.03 (0.94-1.14)  0.48 

    Lifestyle & disease adjusted 2  1.03 (0.94-1.13)  0.55 

    Depression & anxiety adjusted 3  1.03 (0.94-1.14)  0.52 

  RSA d,e 641    

    Sociodemographic adjusted 1  0.99 (0.89-1.11)  0.91 

    Lifestyle & disease adjusted 2  0.98 (0.88-1.09)  0.66 

    Depression & anxiety adjusted 3  0.97 (0.87-1.08)  0.61 
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Table 3 reports the association between the total number of adverse life events and remission of 

chronic multi-site pain. Similar to the unadjusted model, no significant association was found after 

adjusting for sociodemographic or more extensive sets of covariates (all p>0.05).  

 
Table 3. Association* between adverse life events at baseline and remission  
of chronic multi-site musculoskeletal pain over 6 years follow-up (n= 665) 

 

 

 

 

 

 
 

 

*Using Cox regression analyses; HR per 1 additional life event.   

1 adjusted for sex, age, years of education; 2 additionally adjusted for alcohol  

intake, smoking, body mass index, number of chronic diseases and physical  

activity; 3 additionally adjusted for lifetime diagnoses of depressive and  

anxiety disorders and use of antidepressants. 
 
 

Additional analyses showed that the number of life events assessed at 2-year follow-up was not 

further predictive of remission of chronic multi-site pain at later follow-up measures (n=628; fully 

adjusted HR[95%CI]=0.96[0.90-1.02], p=0.18). Also, no moderating effects of life events in the 

association between any of the markers of the biological stress systems and remission of chronic 

multi-site pain were found (all p-interaction>0.10). Moreover, no evidence was found for moderating 

effects of psychopathology and pain intensity at baseline in the association between biological stress 

systems and remission of chronic multi-site pain (all p-interaction>0.10). Additional analyses 

examining a short follow-up period restricted to 2 years also showed no associations between 

biological stress systems and life events with remission of chronic multi-site pain (n=628; similar 

hazard ratio’s and all p>.30). In order to test whether our findings were not influenced by chronic pain 

status at baseline, we performed analyses while adjusting for all covariates including baseline pain 

intensity scores and also found similar non-significant hazard ratio’s for each predicting variable (all 

p>0.10). Similarly, adjusting for pain disability or number of pain days at baseline did not affect our 

findings. Following a previous study[37], we additionally tested whether pain severity at follow-up 

affected our findings. However, the inclusion of pain intensity or pain disability at 2-year follow-up 

separately as confounders in our fully adjusted analyses showed similar hazard ratio’s (analyses 

restricted to 2 year follow-up, n=628; all p>0.40). 

  

  

 

Remission of chronic 

multi-site pain  

 HR (95%CI) P 

Number of adverse life events   

  Sociodemographic adjusted 1 1.00 (0.93-1.09) 0.98 

  Lifestyle & disease adjusted 2 1.02 (0.93-1.11) 0.71 

  Depression & anxiety adjusted 3 1.02 (0.93-1.12) 0.65 
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Discussion  

This longitudinal study showed that remission of chronic multi-site musculoskeletal pain was neither 

predicted by HPA axis, IMS and ANS functioning, nor by adverse life events, nor by the interaction 

between biological stress system function and life events.  

Our findings suggest that dysfunction of three major biological stress systems does not hamper 

the remission of chronic multi-site pain, neither causes its persistence. This is remarkable given the 

prominent hypothesis in the field that biological and psychosocial stress both contribute to the 

maintenance of central sensitization[4]. This suggests that other determinants may be of more 

importance for chronic pain persistence. We showed that older age and a higher number of chronic 

diseases are such determinants. Predictors of the persistence of chronic widespread pain in previous 

longitudinal studies were older age, female sex, leaving school at a young age, high tender point count, 

high levels of fatigue, additional physical or psychological symptoms[38]; and high psychological 

distress, fatigue and illness behavior such as medical care-seeking behavior[39]. Another study found 

that the number of painful regions (13-18 vs. 1-6 regions) at baseline and being an immigrant[40] 

predicted the persistence of chronic widespread pain. One previous longitudinal study found 

restorative sleep to predict the remission of chronic widespread pain 15 months later[37]. Future 

multivariable studies could examine which of the sociodemographic, pain-related, sleep-related, 

somatic or psychosocial factors most strongly contribute to chronic pain remission/persistence. Our 

study suggests to include age and chronic disease as potential predictors in these future studies. 

Previous cross-sectional studies, including NESDA studies, did indicate modest associations 

between biological stress systems and chronic multi-site pain[7,8,11]. The existence of a concurrent 

but not prospective association suggests that these biological changes do not determine the course 

of chronic pain. A hypothesis is that altered biological function is a consequence of chronic pain itself, 

by acting as a chronic stressor, with associated symptoms such as fatigue, sleep disturbance, 

depressed mood, and lower physical activity levels[41]. A final explanation is that a third factor, such 

as a genetic factor, induced both pain and biological changes. 

We demonstrated in this study that adverse life events did not predict remission of chronic multi-

site musculoskeletal pain over 6 years. Conversely, these life events do not appear to cause persisting 

chronic pain. It is possible that a longer follow-up time than 6 years would result in an association 

between adverse life events, such as childhood maltreatment, and persisting of chronic pain. On the 

other hand, life events may play a role in the etiology rather than in the persistence of chronic pain. 

In our previous study, we showed that adverse life events, but not biological stress systems, were 

associated with a higher risk of developing chronic multi-site musculoskeletal pain over 6 years[22]. 

Also, persisting chronic multi-site pain might be caused not by life events but by other psychosocial 
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factors such as psychological distress (e.g. continuously feeling under strain), attitudes and concerns 

about illness and health[39] or avoidance behavior and catastrophizing cognitions[42].  

The number of subjects with remitted chronic multi-site pain in our study [46% within 2 years, 

63% within 4 years, and 72% within 6 years] appears relatively low compared to other previous studies 

[44% within 1 year[39]; 65% within 2 years[38]]. This lower remission rate may be explained by 

differences in measurement of pain or by a rather high rate of psychological distress[39] in our study 

due to the design of NESDA. There are several methodological considerations to our study related to 

the assessment of biological variables and pain. We assessed biological variables in 1 day, whereas 

HPA axis, ANS and IMS functioning fluctuates from day-to-day. Missing data does not seem differential 

for LPS-stimulated inflammation[11] but may be slightly differential for HPA axis markers because our 

subjects collected salivary samples at home[8]. Our study did not assess biological function at follow-

up. Future studies could elucidate whether changes in biological function over time rather than 

baseline function determine the remission of chronic pain. Moreover, pain may fluctuate and we 

assessed pain in the 6 months prior to the follow-up visits, suggesting that some persons might have 

been misclassified. Also, our study did not measure type of pain, and therefore cannot entirely exclude 

that some of our findings may not hold for specific types of pain, such as rheumatoid arthritis. Also, 

our classification of chronic multi-site musculoskeletal pain was pain in the extremities, the back and 

the neck, while most previous studies assessed chronic widespread pain [pain in all four body 

quadrants][43]. We may therefore have included some patients with milder pain complaints in our 

study. However, setting broader parameters in studying mechanisms underlying chronic pain might 

be useful as multi-site pain without meeting the widespread criteria is also associated with severe 

disability, high pain intensity and significant psychological distress[44]. Strong aspects of this study 

are the longitudinal design, the large sample size, and the assessment of a wide range of biological 

markers in relation to remission of chronic multi-site pain while adjusting for a large number of 

covariates. Thus, if dysfunction of biological stress systems would play an important role in the 

persistence of chronic pain, we should have been able to show this, especially since our cross-sectional 

findings did indicate biological alterations in chronic multi-site pain[8,11].  

In conclusion, this longitudinal study showed that neither HPA axis, immune and autonomic 

function nor adverse life events hamper the remission of chronic multi-site musculoskeletal pain. 
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Abstract 

Introduction Brain-derived neurotrophic factor (BDNF) disturbances and life stress, both indepen-

dently and in interaction, have been hypothesized to induce chronic pain. We examined whether (1) 

the BDNF pathway (val66met genotype, gene expression and serum levels), (2) early and recent life 

stress, and (3) their interaction are associated with the presence and severity of chronic multi-site 

musculoskeletal pain. 

Methods Cross-sectional data are from 1646 subjects of the Netherlands Study of Depression and 

Anxiety. The presence and severity of chronic multi-site musculoskeletal pain were determined using 

the Chronic Pain Grade questionnaire. The BDNF val66met polymorphism, BDNF gene expression and 

BDNF serum levels were measured. Early life stress before the age of 16 was assessed by calculating 

a childhood trauma index using the Childhood Trauma Interview. Recent life stress was assessed as 

the number of recent adverse life events using the List of Threatening Events Questionnaire. 

Results Compared to val66val, BDNF met carriers more often had chronic pain, whereas no differences 

were found for BDNF gene expression and serum levels. Higher levels of early and recent stress were 

both associated with the presence and severity of chronic pain (p<0.001). No interaction effect was 

found for the BDNF pathway with life stress in the associations with chronic pain presence and 

severity.  

Conclusions This study suggests that the BDNF gene marks vulnerability for chronic pain. Although life 

stress did not alter the impact of BDNF on chronic pain, it seems an independent factor in the onset 

and persistence of chronic pain.  
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Introduction 

Chronic musculoskeletal pain, which may even occur without peripheral tissue damage, has been 

conceptualized as a central sensitization condition in which factors of the central nervous system 

enhance pain modulation[1]. Central sensitization may occur through disturbances of neurotrophic 

factors[2]. Brain-derived neurotrophic factor (BDNF) may be an important pain modulator, as it 

positively regulates neuronal growth, recovery and development[3], and central and peripheral 

synaptic plasticity[4,5]. The influence of the BDNF pathway (BDNF genotype, gene-expression and 

protein) may be especially prominent when life stress is present, as evidenced by significant BDNF-

with-stress interactions found for the onset of depression[6-8]. Such an interaction may also apply to 

chronic pain as the condition shares similar pathophysiological mechanisms[3]. 

Some studies hypothesized that blocking BDNF in sensory neurons could represent an approach 

for chronic pain treatment[2,9]. This hypothesis is supported by cross-sectional studies on 

fibromyalgia, a syndrome with chronic multi-site pain, which consistently showed increased BDNF 

serum[10-12] and plasma[13] levels. One study found that increased BDNF expression in chronic 

abdominal pain patients was correlated with higher pain severity scores compared to controls[14]. 

Other associations between BDNF indicators and pain are very inconsistent. A common single-

nucleotide polymorphism (SNP) on the BDNF gene is val66met (rs6265), which alters BDNF protein 

structure by a valine (val) to methionine (met) insertion at codon 66[15]. Two studies suggest that 

BDNF met carriers may be at higher risk for chronic pelvic or abdominal pain[16,17], but this was not 

found in another study on fibromyalgia[18]. However, as the met allele has been found to decrease 

BDNF secretion[3,15], it would have been expected that val carriers are at a higher risk of chronic 

pain. So, overall, studies on the BDNF pathway (genotype/expression/protein) in chronic pain show 

inconsistent results, and no earlier studies have examined the BDNF pathway in different levels 

covering DNA, gene expression and protein levels.  

Life stressors may add to the impact of BDNF disturbances on chronic pain. Evidence from cross-

sectional and longitudinal studies suggests that early and recent life stress may trigger the 

development of chronic pain[19-22]. Life stressors may have different impact on pain depending on 

an individual’s genetic risk. In a previous study on depression, BDNF met carriers with a history of 

childhood trauma showed lower BDNF serum levels compared to met carriers without childhood 

trauma, whereas this pattern was reversed in the val66val group[23]. A gene-environment interaction 

may also apply to chronic pain. However, previous studies on BDNF in chronic pain (n<155) are 

inconsistent, and the interaction of BDNF with life stress has never been tested for chronic pain. 

Therefore, this cross-sectional study examines the association between (1) the BDNF pathway 

(val66met genotype, gene expression and serum level), (2) early and recent stress, and (3) the 
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interaction of the BDNF pathway with early and recent life stress, and the presence and severity of 

chronic multi-site musculoskeletal pain. 

 

Methods 

Sample  

The current cross-sectional study was based on data from the Netherlands Study of Depression and 

Anxiety (NESDA), an ongoing cohort study conducted among 2981 adults (18-65 years at baseline) 

from which 94.8% were of North-European ancestry. Subjects were recruited from the general 

population (n=564), general practices (n=1610) and mental health care organizations (n=807). People 

in different developmental stages of psychopathology as well as controls with no psychiatric diagnosis 

participated. The NESDA study contains a high proportion of subjects with chronic multi-site 

musculoskeletal pain and provides a unique opportunity for control of relevant variables such as 

depressive and anxiety disorders. The research protocol was approved by the Central Ethics 

Committee on Research Involving Human Subjects of the VU University Medical Center Amsterdam, 

The Netherlands. Penninx et al. provided a detailed description of the NESDA study design and 

sampling procedures[24]. 

For this study, subjects with pain data were selected (n=2980). From these subjects, 767 persons 

met criteria for chronic pain and 887 persons were controls (see section below for measurement 

criteria). Of these subjects, 8 persons were excluded because no data was available on BDNF, leaving 

a total of 1646 subjects. All these subjects had data available on recent stress. Data on early life stress 

(childhood trauma) were available in 1643 subjects. Data on BDNF val66met were available in 1412 

subjects; on BDNF gene expression in 1068 subjects; and on BDNF serum in 1608 subjects. Included 

subjects (n=1646) had significantly lower pain scores, were older, were more often male, had less 

often depression or anxiety, had higher BDNF serum levels, had lower early and recent stress levels 

(all p<0.05), but did not differ in smoking, antidepressant use, BDNF gene expression level, BDNF 

val66met genotype and the presence of chronic pain, compared with excluded subjects (n=1335). 

 

Chronic multi-site musculoskeletal pain  

Chronic multi-site musculoskeletal pain was defined using the Chronic Pain Grade (CPG)[25], a valid 

and reliable questionnaire[26,27]. The CPG first inquires about the presence of pain in the prior 6 

months in the extremities (joints of the arms, hands, legs or feet), back, neck, head, abdomen, chest, 

and the orofacial area (mouth and face)[28]. The subsequent questions in the CPG refer to the most 

painful location and inquire 1) days in pain in the prior 6 months (scale 0-180); 2) pain at this moment 

(scale 0-10); 3) worst pain in the prior 6 months (scale 0-10); 4) average pain in the prior 6 months 
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(scale 0-10); 5) disability days in the prior 6 months (scale 0-180); 6) disability in daily activities (scale 

0-10); 7) disability in spare time, social life, and family activities (scale 0-10); and 8) disability in work 

(scale 0-10). A total pain intensity score was calculated using questions 2, 3 and 4 of the CPG; a total 

pain disability score was calculated using questions 6, 7 and 8 of the CPG [average of the 0-10 ratings 

of the 3 questions multiplied by 10 resulting in a 0-100 score]. Disability points (7 categories; 0-6) were 

calculated adding the total disability score (0-100) and the indicated points for disability days 

(question 5 of the CPG; see [25] for details). Five grades were categorized: grade 0 (pain-free, no pain 

in the prior 6 months); grade I (low disability [<3 disability points], low intensity [<50]); grade II (low 

disability [<3 disability points], high intensity [≥50]); grade III (high disability, moderately limiting [3-4 

disability points]); and grade IV (high disability, severely limiting [≥5 disability points])[25]. Following 

previous research[22,29,30], we defined chronic multi-site musculoskeletal as grade I, II, III or IV on 

the CPG and pain present in the prior 6 months in the extremities, the back and the neck. The control 

group consisted of people with grade 0 (n=169) or with grade I and pain in at most 2 locations (n=713). 

The remaining subjects not meeting the criteria of the chronic multi-site musculoskeletal pain group 

or the control group were excluded from the present study (n=1327). We also refer to the chronic 

multi-site musculoskeletal pain group as the chronic pain group. 

 

Brain-derived neurotrophic factor 

BDNF val66met genotype 

For detailed description of DNA extraction, quality control, and imputation techniques, see previous 

studies[31-33]. BDNF genotyping was performed on multiple chip platforms (including Affymetrix-

Perlegen 5.0 and Affymetrix 6.0) in (partially overlapping) different subsets of the total NESDA sample. 

Quality control was performed within and between chip platforms. Basic quality control steps for 

subjects included checks for European ancestry, sex inconsistencies, mendelian errors, missing rates 

and high genome-wide homozygosity. Genotype data were further checked based on Hardy-Weinberg 

equilibrium (p=0.91), minor allele frequencies (MAFs) and call rates. Data were imputed using the 

1000 Genomes phase 1 INTEGRATED RELEASE version 3 ALL panel[33]. The Val66Met BDNF SNP 

(rs6265) was typed in some of the panels used for imputation and all post-imputation QC criteria were 

met. R2 value for rs6265 (CHR=11; BP=27658369) was 0.99, indicating an almost perfect correlation 

between the imputed genotype and the true underlying genotype. The minor allele frequency was 

0.21. The current sample (n=1412) consists of 64% val66val and 4% met66met homozygotes, whereas 

32% were val66met heterozygotes. Following previous research[23,34], we combined the low-

frequency met66met with val66met and further refer to this group as ‘met carriers’ (dominant model; 

val66val=reference). 
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BDNF gene expression 

Venous blood samples were drawn in the morning (7-10 AM) after an overnight fast in one 7-mL 

heparin-coated tube (Greiner Bio-One, Monroe, North Carolina). Heparinized whole blood samples 

were transferred within 20 minutes of sampling into PAXgene Blood RNA tubes (Qiagen) and stored 

at −20°C. Samples were hybridized to Affymetrix U219 arrays (Affymetrix, Santa Clara, CA) containing 

530,467 probes summarized in 49,293 probe sets. Array hybridization, washing, staining, and scanning 

were carried out in an Affymetrix GeneTitan System per the manufacturer’s protocol. Gene expression 

data were required to pass standard Affymetrix QC metrics (Affymetrix expression console) before 

further analysis. We excluded from further analysis probes that did not map uniquely to the hg19 

(Genome Reference Consortium Human Build 37) reference genome sequence, as well as probes 

targeting a messenger RNA (mRNA) molecule resulting from transcription of a DNA sequence 

containing a single nucleotide polymorphism (based on the dbSNP137 common database). 

Normalized probe set expression values were obtained using Robust Multi-array Average (RMA) 

normalization as implemented in the Affymetrix Power Tools software (APT, version 1.12.0, 

Affymetrix). Further details on BDNF gene expression assessment and RNA processing have been 

described elsewhere[35,36]. In this study, we calculated the mean BDNF expression across all five 

probe sets targeting BDNF after adjusting for RNA per plate, position on plate, month and time of 

blood withdrawal, level of blood hemoglobine, and time between blood withdrawal and RNA 

extraction.  

 

BDNF serum 

Serum BDNF protein concentrations (ng/mL) were measured within 3 months after their receipt using 

the Emax Immuno Assay system from Promega according to the manufacturer’s protocol. The 

undiluted serum was acid treated, which in a dilution-dependent way reliably increased the 

detectable BDNF. Subsequently, serum samples were diluted 100 times and stored again at  ̶ 85 C˚ for 

BDNF assay the next day. After dilution, the BDNF concentrations were well within the range of the 

standard curve. The assay sensitivity threshold was ascertained at 1.56 ng/ml reflecting the minimum 

level of BDNF in the serum that could be reliably determined. Three samples were below this 

threshold and deleted for all subsequent analyses. See our previous study[37] for more details on 

BDNF assessment. 
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Early and recent life stress  

Early life stress was assessed at baseline using the Childhood Trauma Interview (CTI) from The 

Netherlands Mental Health Survey and Incidence Study[38]. The CTI assesses four domains of trauma 

before the age of 16 by asking whether the traumatic event occurred (yes/no), and a subsequent 

question asking how often the event occurred. The domains included emotional neglect (lack of 

parental attention or support and ignorance of one’s problems and experiences), psychological abuse 

(being verbally abused, undeserved punishment, subordinated to siblings and being blackmailed), 

physical abuse (being kicked or hit with hands or an object, beaten up or physical abuse in any other 

way), and sexual abuse (being sexually approached against one’s will, meaning being touched or 

having to touch someone in a sexual way). The CTI yields a score ranging 0–8 by adding the frequencies 

of occurrence (0, absent; 1, once or sometimes; 2, regularly, often or very often). Subsequently, a 

cumulative index called childhood trauma index was calculated as the sum of experienced number 

and frequency of childhood trauma for each participant, categorized into 5 categories (0, 1-2, 3-4, 5-

6 and 7-8).   

Recent life stress was assessed as the total number of recent adverse life events, which was 

determined at baseline using the List of Threatening Events Questionnaire (LTE-Q)[39]. The list 

assesses twelve life stressors in the year preceding the baseline assessment such as death of a close 

friend or relative or serious financial problems. We additionally inquired whether subjects 

experienced any other adverse life event in the past year. Following previous research[22], the total 

number of adverse life events (0-13) were used in the analyses. 

  

Statistical analyses and covariates 

Descriptive baseline characteristics were reported as means or percentages in the chronic pain and 

control group. To examine the differences between groups, independent-sample T tests were used 

for continuous variables and χ2 tests for dichotomous and categorical variables.  

Logistic regression analyses were performed for each BDNF variable with the presence of chronic 

pain. Analyses of val66met (met carriers vs. val66val) were adjusted for age, sex, and three ancestry-

informative principal components[40] to take possible population stratification into account. BDNF 

gene expression and BDNF serum analyses were adjusted for age, sex and smoking 

(never/former/current), because these variables have previously been linked to BDNF[37]. For the 

associations of early and recent stress with chronic pain presence, we performed logistic regression 

analyses adjusted for age and sex. Interactions of each BDNF variable with early and recent stress in 

the association with chronic pain presence were examined by adding an interaction term (BDNF 
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variable*trauma index; or BDNF variable*life events) to the logistic regression analyses also including 

all covariates.  

For analyses of pain severity, fully adjusted linear regression analyses were performed within the 

chronic pain group (n=764). The associations of BDNF, early and recent stress, and the interaction of 

BDNF with early and recent stress were tested with the total pain intensity score and the total pain 

disability score separately. 

Depressive and anxiety disorders have previously been associated with chronic pain[41]. We also 

showed that BDNF was related to depression and antidepressant medication in our sample[42]. To 

discard these potential confounding effects, additional analyses were performed adjusting for current 

(past 6 months) depressive disorders (major depressive disorder, dysthymia) and anxiety disorders 

(panic disorder, agoraphobia, generalized anxiety disorder, social phobia) (established with the 

Composite International Diagnostic Interview: [43]) and frequent use of tricyclic antidepressants (ATC 

code: N06AA), selective serotonin reuptake inhibitors (N06AB) and other antidepressant medications 

(N06AF/ AG/AX). 

For all statistical tests, a probability level of ≤5% was regarded as significant. For testing 

interactions, this level was set at ≤10%. The statistical calculations were performed using SPSS V.20 

for Windows (IBM, Armonk, NY, USA). 

 

Results 

Sample characteristics 

Compared to controls, chronic pain subjects had higher pain scores, were significantly older, were 

more often women, were more often current smokers, had more often a current depressive and/or 

anxiety disorder, used more frequently antidepressants, and reported more early and recent life 

stress (Table 1). The BDNF val66met polymorphism, BDNF gene expression and BDNF serum level 

showed low and non-significant intercorrelations (Pearson’s r: ̶ 0.03 to 0.02, p>0.34; data not shown).  
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      Table 1. Baseline characteristics* 

* Values are mean ± SD unless otherwise indicated. N# Sample size is n=1646, unless otherwise indicated  

because of missings on individual measures. † Based on independent-sample t-test for continuous variables  

and χ2 test for dichotomous and categorical variables. Early and recent life stress are presented as categories  
for illustrative purposes; continuous variables were used in subsequent analyses.  
  

   N# Controls  
(n=882) 

Chronic pain 
(n=764) 

p† 

Pain scores     

Days of pain in the prior 6 months 1645 27.7 (48.7) 108.0 (69.5) <0.001 

Pain intensity  21.9 (14.7) 52.9 (17.9)  <0.001 

Pain disability  9.8 (13.5) 39.7 (25.9) <0.001 

Sociodemographic factors     

Age, years  42.0 (13.6) 44.7 (12.2) <0.001 

Women, %  56.7 73.6 <0.001 

Lifestyle      

Smoking, %    0.02 

   Never smoker  31.5 26.0  

   Former smoker  35.7 31.3  

   Current smoker  32.8 42.7  

Current affective disorders      

Depression and/or anxiety, %  37.6 72.6 <0.001 

Antidepressant medication, %  17.5 31.0 <0.001 

BDNF      

BDNF Val66Met genotype 1412   0.07 

  Val/Val, %  66.5 61.9  

  Val/Met, %  29.0 34.7  

  Met/Met, %  4.5 3.4  

BDNF gene expression 1089 2.18 (0.1) 2.17 (0.1) 0.11 

BDNF serum level (ng/ml) 1608 9.1 (3.2) 9.3 (3.7) 0.26 

Early life stress  1643   <0.001 

Childhood trauma index [0], %  64.7 42.8  

Childhood trauma index [1-2], %  29.3 39.8  

Childhood trauma index [3-4], %  6.0 17.3  

Recent life stress    <0.001 

Recent adverse life events [0], %  61.8 53.4  

Recent adverse life events [1-2], %  33.7 38.5  

Recent adverse life events [3-6], %  4.5 8.1  



106 

 

The BDNF pathway and the presence and severity of chronic pain 

Compared to val66val carriers, BDNF met carriers more often had chronic pain after adjustment for 

confounders (Table 2). BDNF gene expression and BDNF serum levels were not associated with the 

presence of chronic pain before and after adjustment for confounders (p>0.05). No significant 

associations were found for the BDNF variables with neither pain intensity nor pain disability among 

chronic pain subjects (Table 3). When BDNF expression and serum analyses were additionally adjusted 

for depression, anxiety and antidepressants, similar non-significant associations were found with 

chronic pain presence and severity, with the exception of a significant association for higher BDNF 

expression with lower pain disability (β=  ̶ 0.09, p=0.05; data not shown).  

 

Table 2. The associations of the BDNF pathway and life stress  
with the presence of chronic multi-site musculoskeletal pain  

 

 

 

 

 

 

 

 

 

 

Based on logistic regression analyses: a adjusted for age, sex, and population  

structure; b adjusted for age, sex and smoking; c adjusted for age and sex.  

BDNF genotype: reference group consists of subjects with the Val66Val genotype.  
Gene-expression: OR are per 1 unit increase (relative measure); BDNF serum:  
OR are per 1 unit (ng/mL) increase; Childhood trauma index: OR are per 1 unit  
increase in the index; Recent adverse life events: OR are per 1 additional event.  

 N OR (95%CI) p 

BDNF    

BDNF met carrier genotype a 1412 1.26 (1.01-1.58) 0.04 

BDNF gene expression b 1089 0.53 (0.21-1.31) 0.17 

BDNF serum levels b 1608 1.00 (0.97-1.03) 0.91 

Early life stress    

Childhood trauma index c 1643 1.56 (1.42-1.72) <0.001 

Recent life stress    

Recent adverse life events c 1646 1.30 (1.17-1.44) <0.001 
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Table 3. The associations of the BDNF pathway and life stress with pain severity in  
subjects with chronic multi-site musculoskeletal pain 

 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 

Based on linear regression analyses: a adjusted for age, sex, and population structure;  
b adjusted for age, sex, and smoking; c adjusted for age and sex. BDNF genotype:  

reference group consists of subjects with the Val66Val genotype. 

 

 

Early and recent life stress and the presence and severity of chronic pain 

Early and recent life stress were significantly associated with both the presence and the severity 

(intensity and disability) of chronic pain (see Table 2 and 3; all p<0.001). Additionally adjusting for 

depression, anxiety and antidepressants showed somewhat lower, however significant, odds ratios 

for both early stress (OR[95%CI]=1.37[1.24-1.52], p<0.001) and recent stress (OR[95%CI]=1.20[1.07-

1.34], p=0.001) with chronic pain presence. Similarly, the associations with pain severity were 

somewhat weaker, however remained statistically significant (early stress: β=0.10, p=0.004 with 

intensity and β=0.17, p<0.001 with disability; recent stress: β=0.13, p=<0.001 with intensity and 

β=0.12, p=0.001 with disability). 

 

The interaction of BDNF with life stress and the presence and severity of chronic pain 

No significant interaction effect of the BDNF pathway with life stress was found in the associations 

with chronic pain presence and severity (see Table 4 and 5). Two from a total of 18 tested interaction 

terms appeared statistically significant (p<0.10; Table 5). Additionally adjusting the analyses for 

depression, anxiety and antidepressants did not affect these findings. 

  

 
 Pain intensity Pain disability 

 N Beta p Beta p 

BDNF      

BDNF met carrier genotype a 654 0.04 0.36 -0.03 0.50 

BDNF gene expression b 534 -0.03 0.44 -0.08 0.06 

BDNF serum levels b 740 0.04 0.31 -0.03 0.40 

Early life stress      

Childhood trauma index c 761 0.13 <0.001 0.19 <0.001 

Recent life stress      

Recent adverse life events  c 764 0.15 <0.001 0.14 <0.001 
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Table 4. The interaction of the BDNF pathway with life stress  
in the association with the presence of chronic multi-site  
musculoskeletal pain 

 

 
 
 
 
 
 

 

 

 

 

Based on logistic regression analyses: a adjusted for age, sex,  

and population structure; b adjusted for age, sex, and smoking.  

BDNF genotype: met carriers vs. Val66Val (reference group);  
trauma = childhood trauma index; events = total number of  
recent adverse life events.  
 
 
 
 

 
Table 5. The interaction of the BDNF pathway with life stress in the   
association with the severity of chronic multi-site musculoskeletal pain 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Based on linear regression analyses: a adjusted for age, sex, and population  

structure; b adjusted for age, sex, and smoking. BDNF genotype: met carriers  

vs. Val66Val (reference group); trauma = childhood trauma index; events =  
total number of recent adverse life events. 
 

  

 N p 

BDNF x early life stress   

BDNF genotype x trauma a 1409 0.53 

BDNF expression x trauma b 1087 0.74 

BDNF serum x trauma b 1605 0.24 

BDNF x recent life stress   

BDNF genotype x events a 1412 0.11 

BDNF expression x events b 1089 0.19 

BDNF serum x events b 1608 0.64 

  Pain intensity Pain disability 

 N p p 

BDNF x early life stress    

BDNF genotype x trauma a 651 0.24 0.92 

BDNF expression x trauma b 532 0.82 0.37 

BDNF serum x trauma b 737 0.36 0.82 

BDNF x recent life stress     

BDNF genotype x events a 654 0.19 0.05 

BDNF expression x events b 534 0.73 0.49 

BDNF serum x events b 740 0.06 0.16 
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DISCUSSION 

This study showed that BDNF met carriers more often had chronic multi-site musculoskeletal pain 

compared to val66val carriers. BDNF gene expression and serum levels were not associated with 

chronic pain. Higher early and recent stress levels were independently associated with chronic pain 

presence and severity, but did not alter the impact of BDNF on pain. 

Our finding that BDNF met carriers are more likely to have chronic pain is in line with previous 

studies on pain disorders[16,17], but in contrast to the hypothesis of increased neuroplasticity with 

upregulated BDNF in pain[9]. Possibly, the met allele might play a role in the brain morphology 

underlying chronic pain. A previous meta-analysis examining val66met and hippocampal changes in 

depression pointed out deleterious effects of underpowered studies and overestimations of effect 

sizes[44]. Such potential methodological issues should be considered when further exploring the met 

risk allele as an underlying mechanism of chronic pain.  

The met allele has previously been thought to induce lower BDNF secretion[3,15]. However, this 

study found no direct associations of BDNF gene expression and serum levels with chronic pain, unlike 

previous studies[10-13]. We also found that val66met was uncorrelated with BDNF expression and 

serum levels. This supports the idea that there is no one-to-one mapping of genotype to gene 

expression and serum levels[36,45,46]. An explanation may be that peripheral BDNF levels are 

uncorrelated with whole blood BDNF[47]. Moreover, peripheral BDNF levels are likely determined by 

other factors than the BDNF gene, such as environmental factors[48], immune[49] or neuroendocrine 

factors[50], other genes, and epigenetics[51]. 

Life stress did not seem to alter the impact of the BDNF pathway on pain, contrary to our previous 

NESDA study on depression[23]. Instead, higher levels of early and recent life stress were directly 

associated with the presence and severity of chronic pain. This finding does support several previous 

studies[19,20]. Although recall bias cannot be excluded in our cross-sectional study, our results are in 

line with the notion that psychosocial factors trigger the development of chronic pain[21,22]. The 

process underlying the link between life stressors and chronic pain should be further examined. The 

etiology of chronic pain is likely multifactorial including sociodemographic, lifestyle, somatic and 

several psychosocial factors.  

This study only assessed the val66met variant, whereas the genetic risk of chronic pain may be 

increased by polygenetic variation. Studies examining genome-wide associations or a polygenetic risk 

score for chronic multi-site pain may be useful. Nonetheless, this study was driven by a well-founded 

hypothesis that BDNF plays a crucial role in pain modulation and neural plasticity[4,5]. Our 

classification of chronic pain was pain in the extremities, the back, and the neck in the prior 6 months. 

Previous studies mostly examined chronic widespread pain, axial and bilateral pain above and below 
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the waist according to the ACR criteria[52]. We may have included some patients with milder pain 

due to our ‘less stringent’ definition. However, the majority of multi-site pain patients which do not 

fulfil the ‘widespread’ criteria still suffer from severe limitations, high pain intensity and significant 

psychological distress[53]. It might hence be useful to set broader parameters for studying 

mechanisms underlying chronic pain. Our sample contains a high proportion of subjects with 

depression and anxiety. Nonetheless, these disorders co-occur frequently with chronic pain, and our 

design did allow us to adjust for their potential confounding effects. This large-scale study was the 

first to examine the complete BDNF pathway in relation to chronic pain, while testing potential 

interactions with life stress.  

Our data provide evidence that the BDNF val66met polymorphism marks vulnerability for chronic 

pain. Life stress does not seem to increase the impact of BDNF on pain. Instead, life stress may directly 

trigger the onset or persistence chronic pain.  
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Abstract 

Introduction There is little clarity on the temporal relationships between sleep, depressive symptoms 

and pain. This longitudinal study examines whether insomnia and sleep duration predict the onset of 

chronic multi-site musculoskeletal pain over 6 years, and whether this association is mediated by 

depressive symptoms.  

Methods 1860 subjects of the Netherlands Study of Depression and Anxiety, free from chronic multi-

site musculoskeletal pain at baseline, were followed-up for the onset of chronic multi-site 

musculoskeletal pain after 2, 4 and 6 years (Chronic Pain Grade questionnaire). We determined 

baseline insomnia (Women’s Health Initiative Insomnia Rating Scale ≥9) and sleep duration (short: ≤6 

hours, normal: 7-9 hours, long: ≥10 hours). Depressive symptoms were assessed at baseline and as a 

change score over time (Inventory of Depressive Symptomatology). First, the associations between 

baseline sleep measures and chronic pain onset at follow-up were examined. Second, mediation 

analyses were applied to test whether depressive symptoms mediated between sleep measures and 

chronic pain onset. 

Results Insomnia (HR[95%CI]=1.60[1.30-1.96], p<0.001) and short sleep duration (HR[95%CI]= 

1.52[1.22-1.90], p<0.001) were associated with chronic pain onset. Adding baseline depressive 

symptoms as a mediator attenuated the associations for insomnia/short sleep with chronic pain onset 

(∆B=40% and 26%). Adding the change score of depressive symptoms as a mediator weakened the 

association for insomnia (∆B=16%), but not for short sleep. All direct effects for sleep measures with 

chronic pain onset remained statistically significant (p<0.05). Also, a higher score of baseline 

depressive symptoms and an increase in depressive symptoms over time were independently 

associated with chronic pain onset (p<0.001). 

Conclusions This longitudinal study showed that insomnia, short sleep duration, depressive symptoms 

and a further increase in depressive symptoms are independent risk factors for developing chronic 

pain. Depressive symptoms seem to partially mediate the association between insomnia/short sleep 

and developing chronic pain. 

  



 

117 

 

7 Sleep, depressive symptoms and onset of chronic pain 

Introduction 

Chronic multi-site musculoskeletal pain is common and highly disabling[1,2]. Sleep complaints are 

found in 67 to 88% of persons with chronic pain[3,4]. Although the etiology underlying chronic pain 

remains largely unknown, poor sleep might contribute to the condition’s development.  

Individuals who suffer from insomnia/sleep problems consistently show an increased risk for the 

future development of chronic pain[5-11]. Although early work suggests that the relationship 

between sleep and pain may be bidirectional[12-14], more recent findings have shown that the 

temporal effect of sleep on pain may be stronger than that of pain on sleep[15,16]. Disturbed sleep, 

such as insomnia, might decrease pain thresholds and contribute to hypersensitivity of neural 

nociceptive pathways, a process called central sensitization[17]. Several experimental studies in pain-

free subjects have shown that sleep deprivation leads to increased pain intensity evoked by 

nociceptive stimuli (hyperalgesia) or increased reports of pain severity[12,18-20]. Normal sleep has 

previously been associated with decreased muscle tonus[21]. Reversely, disturbed sleep may possibly 

hamper natural muscle relaxation and recovery, which can ultimately result in chronic pain[9].  

Research suggests that negative mood mediates the association between sleep disturbances and 

the development of chronic pain[16]. One previous study (n=292), although cross-sectional of nature, 

indeed concluded that depressive symptoms mediated the association between disturbed sleep and 

pain among chronic pain patients[22]. Depressive symptoms may impact on pain possibly through 

mechanisms of increased physiologic or cognitive arousal and decreased physical activity[22]. 

Nonetheless, there is little clarity on the temporal dynamics of sleep, depressive symptoms and pain. 

This is mainly due to a lack of large-scale longitudinal studies which test whether sleep induces chronic 

pain beyond the influence of depressive symptoms and which adjust for covariates such as 

sociodemographic characteristics, lifestyle and chronic disease.  

This large-scale prospective longitudinal study examines whether insomnia and sleep duration 

predict the onset of chronic multi-site musculoskeletal pain over 6 years, and whether this association 

is mediated by depressive symptoms. 

 

Methods 

Sample  

The present study used longitudinal data from the Netherlands Study of Depression and Anxiety 

(NESDA). NESDA is an ongoing cohort study in which 2981 participants (18-65 years and 67% female 

at baseline, 95% North-European ancestry) were monitored biannually for 6 years to investigate the 

long-term course and consequences of depressive and anxiety disorders. Participants were recruited 

from the community (19%), from primary care (54%), and specialized mental health care (27%). 
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People with and without psychiatric disorders and with and without chronic pain participated. The 

disorders included dysthymia, major depressive disorder, general anxiety disorder, panic disorder, 

social phobia, and agoraphobia. Due to the aim of the NESDA study, exclusion criteria were not being 

fluent in Dutch and a primary diagnosis of psychotic, obsessive compulsive, bipolar or severe addiction 

disorder. Baseline data collection took place between 2004 and 2007, with follow-up assessments 2, 

4 and 6 years later. Using written questionnaires and a face-to-face interview, extensive information 

was gathered about demographic, clinical and psychosocial characteristics by specially trained 

research staff at the research site. The research protocol was approved by the Ethical Committee of 

participating universities and written informed consent was obtained from all participants. Penninx 

et al.[23] provided a detailed description of the NESDA study design and sampling procedures. 

Subjects who were free of chronic multi-site musculoskeletal pain at baseline (n=2213; see 

below) were selected. Of these eligible subjects, 2039 subjects had data on pain available for at least 

one follow-up measure (2, 4 or 6 years). From these subjects, we selected those who had baseline 

data on insomnia or sleep duration available, leaving a total of 1860 subjects for this study. Included 

subjects (n=1860) had significantly lower pain duration and intensity scores at baseline, were 

significantly older, and had more years of education than eligible persons who had incomplete data 

(n=353; all p<0.05). Also, included subjects had higher levels of physical activity, had lower depressive 

symptoms scores at baseline and 2 year follow-up, were more often non/former smokers and were 

less often long sleepers at baseline (all p<0.05), but did not differ in gender, body mass index, alcohol 

intake, the number of chronic diseases, insomnia and short/normal sleep duration at baseline, and 

depressive symptoms at 4 and 6 year follow-up (all p>0.05) from excluded subjects (n=353). From 

these 1860 included subjects, baseline data for insomnia were available of 1856 subjects, for sleep 

duration of 1859 subjects and for baseline depressive symptoms of 1855 subjects. Data for the change 

score in depressive symptoms over time (see section ‘depressive symptoms’ below) were available of 

1853 subjects.  

 

Onset of chronic multi-site musculoskeletal pain  

Chronic multi-site musculoskeletal pain was measured using the Chronic Pain Grade (CPG)[24], a valid 

and reliable questionnaire[25,26]. The CPG first inquires about the presence of pain in the prior 6 

months in the extremities (joints of the arms, hands, legs or feet), back, neck, head, abdomen, chest, 

and the orofacial area (mouth and face)[27]. The subsequent questions in the CPG refer to the most 

painful location and inquire 1) days in pain in the prior 6 months (scale 0-180); 2) pain at this moment 

(scale 0-10); 3) worst pain in the prior 6 months (scale 0-10); 4) average pain in the prior 6 months 

(scale 0-10); 5) disability days in the prior 6 months (scale 0-180); 6) disability in daily activities (scale 



 

119 

 

7 Sleep, depressive symptoms and onset of chronic pain 

0-10); 7) disability in spare time, social life, and family activities (scale 0-10); and 8) disability in work 

(scale 0-10). A total pain intensity score was calculated using questions 2, 3 and 4 of the CPG; a total 

pain disability score was calculated using questions 6, 7 and 8 of the CPG [average of the 0-10 ratings 

of the 3 questions multiplied by 10 resulting in a 0-100 score]. Disability points (7 categories; 0-6) were 

calculated adding the total disability score (0-100) and the indicated points for disability days 

(question 5 of the CPG)[24]. Following the CPG protocol, five grades were categorized: grade 0 (pain-

free, no pain in the prior 6 months); grade I (low disability [<3 disability points], low intensity [<50]); 

grade II (low disability [<3 disability points], high intensity [≥50]); grade III (high disability, moderately 

limiting [3-4 disability points]); and grade IV (high disability, severely limiting [≥5 disability points])[24]. 

Following our previous work[28-30], we defined chronic multi-site musculoskeletal pain as grade I, II, 

III or IV on the CPG and pain present in the extremities, the back, and the neck. Participants were 

classified as having onset of chronic multi-site musculoskeletal pain if they met these criteria at one 

of the follow-up assessments (2 years, 4 years or 6 years). We also refer to chronic multi-site 

musculoskeletal pain as ‘chronic pain’. 

 

Insomnia and sleep duration 

Sleep was assessed by insomnia and sleep duration as part of a questionnaire that participants filled 

out after the interview or at home (median time log for returning the questionnaire was four days). 

Insomnia, defined as a subjective report of problems initiating or maintaining sleep, was measured 

using the Women’s Health Initiative Insomnia Rating Scale (IRS), a valid and reliable questionnaire to 

assess sleep complaints[31]. The IRS consists of five questions concerning sleep in the past month. 

The five questions address trouble falling asleep, waking up during the night, early morning 

awakenings, trouble getting back to sleep after waking up and sleep quality. Scores on the first four 

items range from 0 ‘no’ to 4 ‘≥5 times a week’. The fifth item of sleep quality ranges from 0 ‘very 

sound or restful’ to 4 ‘very restless’. The total summary score ranges from 0 ‘no insomnia’ to 20 ‘severe 

insomnia’. Scores on the IRS were dichotomized at a cut off point of 9, which has shown to indicate 

clinical significant insomnia[31]. Sleep duration was assessed by asking participants to estimate the 

average hours of sleep per night during the past month, ranging from less than five hours to more 

than ten hours. Following previous findings for depression and anxiety[32], we anticipated that both 

short and long sleep may have deleterious effects on pain. Therefore, sleep duration was categorized 

as short (≤6 hours), normal (7-9 hours) and long (≥10 hours).  

 
Depressive symptoms 

Severity of depressive symptoms in the week prior to the interview (at baseline and at 2, 4 and 6 years 

of follow-up) was measured with the Inventory of Depressive Symptomatology (IDS)[33], a valid and 
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reliable instrument[33]. The IDS consists of 30 items, with each item rated on a four-point scale. Either 

appetite increase or decrease, but not both, are used to calculate the total score. Likewise, weight 

increase or decrease, but not both, are used to calculate the total score[33]. The IDS contains four 

sleep-related items, which we excluded for the present study. Therefore, the total IDS scale score 

ranges between 0 and 72, with higher scores indicating a higher severity. Depressive symptoms were 

analyzed as a baseline score and as a change score from baseline until either the moment a person 

had an event, onset of chronic pain, or was censored at the last recorded follow-up. In case follow-up 

data on depressive symptoms were missing at 4 or 6 year of follow-up, the previous follow-up value 

was used for calculation of the change score (n=51). 

 

Covariates 

Baseline covariates were selected a priori based on previous studies on sleep, depression and chronic 

pain[22,34,35]. Basic covariates included sociodemographic variables (age, sex and years of 

education) and several lifestyle and health factors. Body mass index was calculated as body weight in 

kilograms divided by height in meters squared. Smoking was categorized as never, former or current 

smoker. Alcohol use was categorized as non-drinker, mild/moderate drinker (1–21 (men)/1-14 

(women) drinks/week), or heavy drinker (>21 (men)/>14 (women) drinks/week)[36]. Physical activity 

was assessed with the International Physical Activity Questionnaire and expressed as one’s resting 

metabolic rate multiplied by minutes of physical activity per week (MET-minutes per week)[37]. 

Following previous research[38], we assessed the total number of chronic somatic diseases (including 

cardiometabolic, respiratory, musculoskeletal, gastrointestinal, neurological, endocrine diseases and 

cancer) by self-report for which persons were under treatment.  

Frequent intake (daily or >50% of the time) of medication was assessed based on drug container 

inspection of all drugs used in the past month and classified according to the World Health 

Organization Anatomical Therapeutic Chemical (ATC) classification[39]. Sleep medication included 

benzodiazepines (ATC codes: N05BA/CF/CD and N03AE). Antidepressant medication included tricyclic 

antidepressants (ATC code: N06AA), selective serotonin reuptake inhibitors (ATC code: N06AB) and 

other antidepressants (ATC codes: N06AF/AG/AX). Pain medication included analgesic medication 

(ATC codes: M01, M03, N02 and N03AF01/AX12/AX16). 

 

Statistical analyses 

Baseline characteristics were compared between subjects with and without onset of chronic pain 

using independent-samples t-tests for continuous variables, χ2 tests for dichotomous and categorical 

variables and Mann-Whitney U tests for non-normally distributed variables. Cox’s regression analyses 
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were performed to determine the independent associations of insomnia and sleep duration at 

baseline with the onset of chronic pain over 6 years follow-up, while adjusting for sociodemographic 

variables (age, sex and years of education) and lifestyle and health variables (body mass index, 

smoking, alcohol intake, physical activity and the number of chronic diseases). Time at risk was 

measured from baseline until either the moment a person had an event, onset of chronic pain, or was 

censored at the last recorded follow-up. Proportional hazards were verified.  

Several sensitivity analyses were performed. First, since baseline pain status might influence both 

baseline sleep and chronic pain at follow-up[40], we additionally adjusted our analyses for pain 

intensity at baseline. Second, to discard any potential confounding effects of medication intake in our 

study, we additionally adjusted our analyses for sleep medication, antidepressants and pain 

medication. Third, insomnia and sleep duration are only moderately correlated (Spearman r=0.36, 

p<0.001 in our sample), which is in line with the notion that they are partially separate concepts[41]. 

Nevertheless, we checked whether our findings for insomnia and sleep duration were independent of 

each other by including them simultaneously in one model. 

Mediation analyses were performed to test whether the associations between baseline 

insomnia/sleep duration and chronic pain onset were mediated by depressive symptoms. Both 

baseline depressive symptoms and a change score of depressive symptoms over time were considered 

as potential mediators. Values for both depression scores were standardized (divided by 10) to create 

comparable effect sizes. Onset of chronic pain was considered as a non-time-dependent dichotomous 

outcome variable in the mediation analyses. For ease of interpretation, sleep duration was considered 

as a dichotomous predictor (short sleep vs. normal/long sleep). First, we tested direct associations of 

insomnia (Figure 1+3) and short sleep duration (Figure 2+4) with chronic pain onset using logistic 

regression analyses (c). Next, we applied mediation analyses to test 1) the effect of insomnia/short 

sleep duration on depressive symptoms (a); 2) the effect of depressive symptoms on chronic pain 

onset (b); 3) the direct effect of insomnia/short sleep duration on chronic pain onset, corrected for  

a x b (c’); 4) the indirect effect of insomnia/short sleep duration on chronic pain onset through 

depressive symptoms (a x b). Mediation analyses were adjusted for all confounders (similar to Table 

2). Analyses for the depression change score were additionally adjusted for baseline depressive 

symptoms. We calculated the change in the unstandardized effect size (∆B) by subtracting c’ from c, 

and dividing this residual by the c (∆B= (c-c’) / c). We applied the Preacher and Hayes’s SPSS macro 

‘process’, which allows the use of dichotomous outcomes[42]. This method estimates the indirect 

effect of the independent variable on the dependent variable through the mediator variable. It uses 

bootstrap resampling procedures, in which subjects are randomly selected, with replacement, from 

the original sample. For each bootstrap sample the model is estimated and the parameters saved. The 
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indirect effect is deemed significant if the 95% bootstrap percentile confidence interval did not include 

zero. Number of bootstraps were set at 5000.  

For all statistical tests, a probability level of ≤5% was regarded as significant. The statistical 

calculations were performed using SPSS 20 for Windows (IBM, Armonk, NY, USA). 

 

Results 

Of 1860 subjects, 11% developed chronic pain over 2 years, 17% over 4 years and 21% over 6 years. 

Persons who developed chronic pain were significantly older, were more often female, had less years 

of education, had higher pain scores at baseline, had a higher body mass index, had more chronic 

diseases, had higher depressive symptoms scores, had more often insomnia and had more often 

short/long sleep duration (see Table 1 for baseline characteristics, all p<0.05).  

Persons with baseline insomnia (n=726) had higher baseline pain intensity scores than subjects 

without baseline insomnia (n=1130) [mean(SD)=40.9(19.4) vs. 31.2(18.6); p<0.001]. Similarly, short 

sleepers (n=448) had higher baseline pain intensity than normal/long sleepers (n=1411) 

[mean(SD)=39.8(20.0) vs. 33.4(19.1); p<0.001] (data not tabulated). 
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Table 1. Baseline characteristics* comparing subjects with and without onset of chronic  
multi-site musculoskeletal pain over 6 years follow-up (n=1860) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Values are mean ± SD unless otherwise indicated. † Based on independent-samples t-tests  

for continuous variables, χ2 tests for dichotomous and categorical variables and Mann- 
Whitney U tests for non-normally distributed variables. N# N values could vary from n=1860  
because of missings on each individual measure.  

 

 
 

  

 N# No onset of 

chronic pain 

(n=1468) 

Onset of 

chronic pain 

(n=392) 

P† 

Sociodemographic factors     

  Age, years  40.7 (13.4) 43.4 (12.5) <0.001 

  Women, %  63.4 69.6 0.02 

  Education, years  12.7 (3.2) 12.2 (3.1) 0.002 

Baseline pain      

  Pain duration 1858 47.0 (60.3) 74.9 (68.8) <0.001 

  Pain intensity  32.7 (19.3) 43.4 (18.0) <0.001 

Lifestyle and health      

  Body mass index, kg/m2   25.1 (4.7) 25.9 (5.4) 0.006 

  Smoking, %     0.70 

   No smoker  30.4 28.3  

   Former smoker  35.6 36.2  

   Current smoker  34.0 35.5  

  Alcohol intake, %    0.23 

   No alcohol drinker, %  27.8 32.1  

   Mild/moderate alcohol drinker, %   60.3 57.1  

   Heavy alcohol drinker, %  11.9 10.7  

  Physical activity, median(IQR)  2.9 (1.4-4.8) 3.0 (1.5-5.0) 0.35 

  Number of chronic diseases  0.44 (0.72) 0.63 (0.88) <0.001 

Depressive symptoms      

   Baseline 1855 14.6 (11.8) 18.9 (12.5) <0.001 

  2 year follow-up  1810 10.3 (9.3) 15.2 (11.1) <0.001 

  4 year follow-up 1647 10.0 (9.4) 15.1 (11.3) <0.001 

  6 year follow-up 1541 9.7 (9.3) 14.2 (10.6) <0.001 

Sleep measures     

  Insomnia (IRS≥9), % 1856 36.0 50.9 <0.001 

  Sleep duration, %  1859   <0.001 

    ≤6 hours   21.7 33.0  

    7-9 hours   74.8 63.2  

    ≥10 hours   3.5 3.8  
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Sleep measures and chronic pain onset 

Insomnia and short sleep duration at baseline were significantly associated with a higher hazard of 

chronic pain onset over 6 years after adjustment for basic covariates (see Table 2; p<0.001). Long 

sleep duration was not associated with chronic pain onset before and after adjustment for covariates 

(see Table 2; p=0.67).  

 

Table 2. Associations* between baseline sleep measures and the  
onset of chronic multi-site musculoskeletal pain over 6 years  

 

 

 

 

 

 

 

 

 

 

 

 

 

*Using Cox regression analyses, adjusted for sex, age, years of education,  
body mass index, smoking, alcohol intake, physical activity and number of 
chronic diseases. 
 

 

When adjusting our analyses for pain intensity at baseline, the associations between sleep 

disturbances and chronic pain onset became somewhat weaker, however remained statistically 

significant (insomnia: HR[95%CI]=1.35(1.10-1.66), p=0.004 and short sleep: HR[95%CI]=1.37(1.09-

1.71), p=0.006; compared to Table 2). Additional adjustment for sleep medication, antidepressants 

and pain medication neither affected our findings for both insomnia and short sleep (∆B<1%). When 

including insomnia and short sleep duration both in the same model, the associations with chronic 

pain onset became somewhat weaker, however remained significant (insomnia: HR[95%CI]=1.46[1.17 

-1.82], p=0.001; short sleep: HR(95%CI]=1.28[1.01-1.64], p=0.05). 

 

  

 

 

Onset of  

chronic pain  
N  HR (95%CI) P 

1856 Insomnia (IRS≥9) 1.60 (1.30-1.96) <0.001 

1859 Sleep duration   

 ≤6 hours 1.52 (1.22-1.90) <0.001 

 7-9 hours Reference  

 ≥10 hours 1.12 (0.66-1.91) 0.67 
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Mediation by baseline depressive symptoms 

Compared with Table 2, mediation analyses for baseline depression (Figure 1 and Figure 2) showed 

similar significant associations for sleep measures with chronic pain onset over 6 years [insomnia: 

B(SE)=0.53(0.12), p<0.001; short sleep: B(SE)=0.47(0.13), p<0.001; see upper part (c)]. Sleep measures 

appeared significantly associated with baseline depressive symptoms [insomnia: B(SE)= 1.00(0.05); 

p<0.001; short sleep: B(SE)=0.49(0.06); p<0.001; (a)]. Our analyses also showed that baseline 

depressive symptoms were associated with chronic pain onset in both models [insomnia: B(SE)= 

0.22(0.05); p=0.001; short sleep: B(SE)=0.25(0.05); p<0.001; (b)]. 

 

 

Figure 1. Illustration of the total effect of insomnia on chronic pain onset over 6 years (c) and  

a mediation design where insomnia affects chronic pain onset directly (c’) and indirectly (a x b)  

through baseline depressive symptoms (n=1851) 

 

 

* p<0.05; ** p<0.01; *** p<0.001; Direct effect: ΔB=  ̶ 40%. 
c = original effect of insomnia on chronic pain onset over 6 years; a = effect of insomnia on depressive  

symptoms; b = effect of depressive symptoms on chronic pain onset; a x b = indirect effect of insomnia  

on chronic pain onset; c’ = direct effect of insomnia on chronic pain onset in mediation design.  

Baseline depression: B per 10 points increase. Analyses were adjusted for sex, age, years of education,  

body mass index, smoking, alcohol intake, physical activity and number of chronic diseases.  
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Direct effects between sleep measures and chronic pain onset attenuated when adding baseline 

depressive symptoms as a mediator to the models (insomnia: ∆B=40%; short sleep: ∆B=26%). 

However, these direct effects remained statistically significant [insomnia: B(SE)=0.32(0.13), p=0.01; 

short sleep: B(SE)=0.35(0.15), p=0.01; see (c’) in Figure 1 and Figure 2]. Thus, the associations between 

insomnia/short sleep and chronic pain onset seem to be partially mediated by baseline depressive 

symptoms. 

 

 

 

Figure 2. Illustration of the total effect of short sleep duration on chronic pain onset over 6 years (c)  

and a mediation design where sleep duration affects chronic pain onset directly (c’) and indirectly  

(a x b) through baseline depressive symptoms (n=1854) 

 

 
* p<0.05; ** p<0.01; *** p<0.001; Direct effect: ΔB=  ̶ 26 %. 

c = original effect of short sleep (vs. normal/long sleep) on chronic pain onset over 6 years; a = effect  

of short sleep on baseline depressive symptoms; b = effect of baseline depressive symptoms on chronic  

pain onset; a x b = indirect effect of short sleep on chronic pain onset; c’ = direct effect of short sleep  

on chronic pain onset in mediation design. Baseline depression: B per 10 points increase. Analyses were  

adjusted for sex, age, years of education, body mass index, smoking, alcohol intake, physical activity  

and number of chronic diseases.  
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Mediation by change in depressive symptoms 

Subsequent mediation analyses for the depression change score (Figure 3 and Figure 4) similarly 

showed significant effects between sleep measures and chronic pain onset over 6 years [insomnia: 

B(SE)=0.32(0.13), p=0.01; short sleep: B(SE)=0.35(0.13), p=0.009; see upper part (c)]. Whereas 

insomnia was significantly associated with an increase in depressive symptoms over time 

[B(SE)=0.11(0.04), p=0.007; (a)], this was not the case for short sleep duration [B(SE)=0.05(0.04), 

p=0.25; (a)].  

 
 
Figure 3. Illustration of the total effect of insomnia on chronic pain onset over 6 years (c) and  

a mediation design where insomnia affects chronic pain onset directly (c’) and indirectly (a x b)  

through change in depressive symptoms over time (n=1849) 

 

 
* p<0.05; ** p<0.01; *** p<0.001; Direct effect: ΔB= ̶ 16%. 

c = original effect of insomnia on chronic pain onset over 6 years; a = effect of insomnia on change in  

depressive symptoms; b = effect of change in depressive symptoms on chronic pain onset; a x b = indirect  

effect of insomnia on chronic pain onset; c’ = direct effect of insomnia on chronic pain onset in mediation  

design. Change in depression: B per 10 points increase in change score of depressive symptoms (positive  

score indicates worsening of symptoms). Analyses were adjusted for sex, age, years of education, body  

mass index, smoking, alcohol intake, physical activity, number of chronic diseases and baseline score of  

depressive symptoms. 
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However, an increase in depressive symptoms did appear significantly associated with chronic pain 

onset in both models [insomnia: B(SE)=0.42(0.07), p<0.001; short sleep: B(SE)= 0.43(0.07), p<0.001; 

(b)]. The direct effect between insomnia and chronic pain onset significantly attenuated when adding 

the depression change score as a mediator to the model (∆B=16%), although this was not the case for 

short sleep duration [∆B=3%; indirect effect (a x b): p=0.33]. Similar to the analyses for baseline 

depression, direct effects for sleep measures with chronic pain onset remained statistically significant 

[insomnia: B(SE)= 0.27(0.13), p=0.04; short sleep: B(SE)= 0.34(0.14), p=0.01; see (c’) in Figure 3 and 

Figure 4]. Thus, an increase in depressive symptoms seems to partially mediate the association for 

insomnia, but not for short sleep, with chronic pain onset. 

 

 

Figure 4. Illustration of the total effect of short sleep duration on chronic pain onset over 6 years (c) 

and a mediation design where sleep duration affects chronic pain onset directly (c’) and indirectly 

(a x b) through change in depressive symptoms over time (n=1852) 

 

 

* p<0.05; ** p<0.01; *** p<0.001; Direct effect: ΔB= ̶ 3%. 

c = original effect of short sleep (vs. normal/long sleep) on chronic pain onset over 6 years; a = effect of short  

sleep on change in depressive symptoms; b = effect of change in depressive symptoms on chronic pain onset;  

a x b = indirect effect of short sleep on chronic pain onset; c’ = direct effect of short sleep on chronic pain onset  

in mediation design. Change in depression: B per 10 points increase in change score of depressive symptoms 

(positive score indicates worsening of symptoms). Analyses were adjusted for sex, age, years of education,  

body mass index, smoking, alcohol intake, physical activity, number of chronic diseases and baseline score  

of depressive symptoms. 
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Discussion 

This longitudinal study showed that insomnia, short sleep duration, baseline depressive symptoms 

and a further increase in depressive symptoms over time were independent predictors of the onset 

of chronic pain. The effect between insomnia/short sleep and chronic pain onset seems to be partially 

mediated by depressive symptoms.  

 Our finding that disturbed sleep is a risk factor for developing chronic pain is in line with previous 

prospective studies[5-11]. In line with our hypothesis[16,22], the associations for insomnia/short 

sleep with chronic pain onset seem partially mediated by baseline depressive symptoms (∆B=40% and 

26%), although an independent effect between sleep and chronic pain remains. Insomnia and short 

sleep are highly disabling and may result in increased levels of arousal[22] and neurobiological 

changes[43]. This might subsequently lead to negative mood and other associated symptoms, 

ultimately resulting in a transition from acute to chronic pain. The association between insomnia (but 

not short sleep) and chronic pain was further attenuated by adjusting for a change in depressive 

symptoms over time (∆B=16%). Thus, we found limited evidence that a further increase in depressive 

symptoms over time contributes to the link between disturbed sleep and developing chronic pain.   

A few previous cross-sectional studies[44-46] and prospective multivariable studies[6-8] did 

adjust for the influence of depression, and also demonstrated an independent effect between sleep 

and pain. However, whereas depression indicates impaired mental health, our study assessed 

depressive symptoms which is a more general reflection of negative mood. Baseline depressive 

symptoms and an increase in depressive symptoms over time independently predict the onset of 

chronic pain in our study, which concurs with multiple previous studies[34,47-49]. Thus, both poor 

sleep and negative mood may contribute to the process of central sensitization, ultimately resulting 

in chronic pain. This supports the notion that subjects with sleep problems and concurrent depressive 

symptoms report the highest levels of pain, but sleep problems in the absence of depressive 

symptoms also increases pain[45]. Therefore, both sleep and depressive symptoms should be 

addressed as part of the etiology of chronic pain[50].  

Several mechanisms have emerged as potential pathways linking sleep to chronic pain, although 

they are speculative. Previous studies found that altered function of the hypothalamic-pituitary-

adrenal axis (HPA axis) and the immune system were associated with both sleep complaints[51,52] 

and chronic pain[53]. However, our previous NESDA study (n=2039) showed that function of the HPA 

axis, the immune system and the autonomic nervous system was not associated with chronic pain 

onset[28], which suggests other biological pathways may better explain the sleep-pain relationship. 

Evidence, mainly from animal studies, proposed opioidergic, serotonergic and dopaminergic 

neurotransmitter systems[16,54-56] to explain the link between sleep deprivation and hyper-
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sensitivity to pain. In addition, a negative affective coping style related to the pain, such as 

catastrophizing, has been found to mediate between insomnia and central sensitization[16,57]. Also, 

our findings might be explained by higher levels of pre-sleep arousal in subjects vulnerable to chronic 

pain, suggesting it is not poor sleep per se, but rather high levels of distress that increase the risk of 

developing chronic pain[58]. Another study suggests that increased attention to pain may be a 

mediator between poor sleep and pain[59]. It remains for future prospective studies to examine these 

potential biological and psychosocial pathways to be better able to predict chronic pain onset.  

We found that short sleep duration, but not long sleep duration, predicted chronic pain onset. 

This is in contrast to the hypothesis that extensive sleep negatively affects health[32], but in line with 

other studies suggesting that short sleep negatively affects pain[60]. Perhaps the sample size of 

persons with long sleep duration was too small to be able to show this; long sleepers in our study 

were more frequently lost to follow-up. Another explanation is that short sleep duration is a marker 

of health status whereas long sleep may be the result of longstanding disease processes such as 

depression. Also, it could be that muscles cannot recover sufficiently in the case of short sleep, and 

that this is not the case for long sleep, although this warrants further research. 

Strong aspects of this study are the longitudinal design, the large sample size, and the assessment 

of both sleep quality and quantity in relation to chronic pain onset while adjusting for several 

covariates such as lifestyle. The NESDA study contains a high proportion of subjects with sleep 

disturbances and with chronic multi-site musculoskeletal pain onset, which makes it a very suitable 

sample to study their relationship. Our participants show sufficient variation in depressive symptoms 

scores, enabling us to examine the influence of this relevant covariate. Next to these important 

strengths, there are also several methodological considerations to our study. First, this observational 

study was not designed to definitely proof mediation by depressive symptoms. Sleep, depressive 

symptoms and pain may still be mutually interactive, each inducing or perpetuating the other. Second, 

self-report of sleep may differ from more objective measures of sleep, such as polysomnography or 

actigraphy. Perhaps the self-experience of sleep rather than objective sleep is predictive of chronic 

pain onset. On the other hand, the insomnia rating scale has been validated against actigraphy 

measures for women[31]. Third, it is likely that the most vulnerable subjects in our study were lost to 

follow-up. On the other hand, we still found significant associations for sleep and depressive 

symptoms with future chronic pain onset. Fourth, our classification of chronic multi-site 

musculoskeletal pain was self-reported pain in the extremities, the back and the neck in the prior 6 

months. Pain may strongly fluctuate, and we only assessed pain at four separate time points 

throughout follow-up of 6 years. Also, our findings might differ for other types of pain. Previous 

studies mostly investigated chronic widespread pain, which is a cardinal symptom of the fibromyalgia 
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syndrome, and defined as axial and bilateral pain above and below the waist[61]. With our ‘less 

stringent’ definition, we may have included patients with milder pain complaints. However, the 

majority of multi-site pain patients do not fulfil the ‘widespread’ criteria, but still suffer from high pain 

intensity, significant psychological distress and severe limitations in daily living[62]. Therefore, setting 

somewhat broader parameters for studying the etiology of chronic pain might be useful[62,63].  

In conclusion, this longitudinal study shows that insomnia, short sleep and depressive symptoms 

might trigger the development of chronic pain. The association between insomnia/short sleep and 

chronic pain onset seems to be partially mediated by depressive symptoms.  
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SUMMARY OF THE MAIN FINDINGS 

Chronic pain is common and its contribution to the worldwide disease burden will continue to 

increase[1]. Mechanisms underlying the condition are still largely unknown. Chronic pain is 

hypothesized to be the consequence of central sensitization, hypersensitivity of neural nociceptive 

pathways (‘pain pathways’)[2]. Both biological factors and psychosocial factors are thought to 

contribute to central sensitization. Therefore, the overarching aim of this thesis was to examine 

biological factors, by themselves or in interaction with psychosocial factors, in relation to the onset 

and persistence of chronic pain. Our first aim of this thesis was to examine whether function of the 

hypothalamic-pituitary-adrenal axis (HPA axis) and the immune system (IMS) was associated with the 

presence and severity of chronic pain. Second, we tested whether function of biological stress systems 

(the HPA axis, IMS and the autonomic nervous system (ANS)), adverse life events, or a combination 

were associated with the onset and remission of chronic pain. Third, we examined whether the brain-

derived neurotrophic factor (BDNF) pathway (val66met genotype, gene expression and serum level), 

life events/trauma, or a combination were associated with the presence and severity of chronic pain. 

Fourth, we examined whether sleep disturbances were associated with the onset of chronic pain, and 

whether this effect was dependent on depressive symptoms. For all these studies, we used data from 

the Netherlands Study of Depression and Anxiety (NESDA), a large longitudinal cohort study which 

recruited 2981 persons, aged 18 through 65 years[3]. Chronic pain was defined as pain in the 

extremities, the back and the neck in the prior 6 months (‘chronic multi-site musculoskeletal pain’). 

In the current chapter, the main findings of Chapter 2 through 7 will be summarized. First, we will 

discuss our main aims and main results as reported in each chapter of this thesis, followed by 

discussion of the main findings in relation to previous research. Furthermore, we will elaborate on 

methodological considerations, a clinical implication and suggestions for future research. The chapter 

finishes with an overall conclusion.  
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1 The cross-sectional association between the autonomic nervous system and chronic pain was examined in a previous NESDA study 

(Barakat et al.:[4]). 2 One previous NESDA study showed that individuals who reported any pain (back, neck, joint, facial, abdominal, 

head or chest pain) in the prior 6 months had higher levels of depressive symptoms. Also, the score of depressive symptoms was 
positively associated with an increased number of pain locations (Ligthart et al.: [5]).;  

ch. = chapter; N.E. = not examined; * = in interaction with. 

 

 

 
Table 1. Main results of chapter 2 through chapter 7 in this thesis. 

 Cross-sectional studies Longitudinal studies 

 Chronic pain  
presence 

Chronic pain  
severity 

Chronic pain  
onset 

Chronic pain 
remission 

Biological stress systems   

Autonomic 
nervous 
system  

No associations 1 Lower heart rate 
variability is associated 
with increased pain 

intensity 1 

No associations (ch. 4) No associations 
(ch. 5) 

HPA axis Lower morning cortisol 
levels and a blunted diurnal 
slope in chronic pain 
subjects without depression 
and/or anxiety (ch. 2)  

No associations (ch. 2) No associations (ch. 4) No associations 
(ch. 5) 

Immune 
system 

Unaltered basal 
inflammatory markers but 
increased innate immune 
response in chronic pain  
(ch. 3) 

No associations (ch. 3)  No associations (ch. 4) No associations 
(ch. 5) 

Biological 

stress*events 

N.E. N.E. No associations (ch. 4) No associations 
(ch. 5) 

Brain-derived neurotrophic factor   

BDNF Unaltered BDNF serum and 
BDNF expression levels but 
altered genotype of the 

Val66Met polymorphism in 

chronic pain subjects (ch. 6) 

No associations (ch. 6) N.E. N.E. 

BDNF* 
events/trauma 

No associations (ch. 6) No associations (ch. 6) N.E. N.E. 

Psychosocial stress   

Recent 
adverse life 
events 

Increased number of 
adverse life events is 
associated with chronic pain 
presence  
(ch. 6) 

Increased number of 
adverse life events is 
associated with higher 
pain intensity and 
disability within chronic 
pain group (ch. 6) 

Increased number of 
adverse life events is 
associated with a higher 
risk of chronic pain onset 
(ch. 4) 

No associations 
(ch. 5) 

Childhood 
trauma 

Increased level of childhood 
trauma is associated with 
chronic pain presence  
(ch. 6) 

Increased childhood 
trauma is associated with  
higher pain intensity and 
disability within chronic 
pain group (ch. 6) 

N.E. N.E. 

Sleep/depressive symptoms   

Insomnia 
Sleep duration 
 
 

N.E. N.E. Insomnia and short sleep 
duration increase the risk 
of chronic pain onset, 
partially mediated by 
depressive symptoms  
(ch. 7) 

N.E. 

Depressive 
symptoms  

N.E., although there seems 

to be a close link.2 In this 

thesis, depression appeared 
as a relevant confounder/ 
moderator (ch. 2/3/6) and 
depressive symptoms as a 
partial mediator (ch. 7). 

N.E., although significant 
associations have 

previously been found 2 

Depressive symptoms at 
baseline and a further 
increase in depressive 
symptoms over time are 
independently associated 
with a higher risk of 
chronic pain onset (ch. 7) 

N.E. 
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Biological stress systems, psychosocial stress and chronic pain 

Results from each of the thesis chapters are summarized in Table 1. The hypothesis that we addressed 

in chapter 2-5 was that altered function of three biological stress systems –the HPA axis, IMS and 

ANS– induce and perpetuate central sensitization, an effect which is aggravated by the experience of 

adverse life events[6]. Our first step was to cross-sectionally examine whether these biological stress 

systems were associated with the presence and severity of chronic pain. One previous NESDA study 

examined function of the autonomic nervous system in relation to chronic pain[4]. In that study, no 

associations were found with the presence of chronic pain, although lower heart rate variability was 

associated with increased pain intensity among chronic pain subjects[4]. 

 

In Chapter 2, we focused on the question whether function of the HPA axis was cross-sectionally 

associated with the presence and severity of chronic pain. We compared salivary cortisol levels 

(awakening level, 1-hour awakening response, evening level, diurnal slope and postdexamethasone 

level) of persons with chronic pain (n=654) to a control group without chronic pain (n=471). We found 

that the chronic pain subjects showed lower cortisol level at awakening, lower evening level and a 

blunted diurnal slope compared to controls. However, lower cortisol level at awakening and a blunted 

diurnal slope appeared to be restricted to those without depressive and/or anxiety disorders, who 

also showed a lower 1-hour awakening response. Cortisol levels were not associated with pain 

severity among chronic pain subjects. Our findings suggest hypocortisolemia in chronic pain, which 

could be the result of a long-term underlying hyperactivity of the HPA axis due to prolonged stress 

exposure, which ultimately resulted in exhaustion of the system[7]. If chronic pain was accompanied 

by a depressive and/or anxiety disorder, the association between cortisol and chronic pain appears to 

be partly masked. This concurs with the notion that depression and anxiety are typically related to 

increased levels of cortisol[8-11]. Our findings mark the importance of taking into account psycho- 

pathology when examining HPA axis function in chronic pain, because depression/anxiety clearly 

modify this association.  

 

In Chapter 3, we examined whether function of the IMS was cross-sectionally associated with the 

presence and severity of chronic pain. We compared blood levels of basal inflammatory markers and 

the innate immune response for subjects with chronic pain (n=754) to a control group without chronic 

pain (n=878). Basal inflammatory markers included C-reactive protein, interleukin-6, and tumor 

necrosis factor-alpha. The innate immune response was obtained by measuring levels of 13 

inflammatory markers after lipopolysaccharide (LPS) stimulation in a subsample (n=707). Chronic pain 

subjects demonstrated higher levels of basal inflammatory markers compared to controls, but 
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8 Summary and General Discussion 

statistical significance was lost after adjustment for lifestyle and disease variables. In particular, body 

mass index and chronic disease appeared to explain the association of basal inflammation with 

chronic pain. Chronic pain subjects did show increased levels of some LPS-stimulated inflammatory 

markers (4 out of 13), even after adjustment for lifestyle and disease variables. Pain severity was not 

associated with basal inflammation and the innate immune response among chronic pain subjects. 

Our findings suggest that lifestyle and disease variables should be taken into account as potential 

confounders when examining immune function in chronic pain. These variables might particularly 

influence levels of basal inflammatory markers because they strongly fluctuate within individuals, 

whereas the innate immune response seems to be more robust and under genetic control[12]. 

Moreover, our study found suggestive evidence for an increased innate immune response in chronic 

pain, which could be investigated as a risk factor for the onset or persistence of chronic pain. 

 

In Chapter 4, we hypothesized that biological stress systems (HPA axis, IMS and ANS function), recent 

(<6 months) adverse life events, or a combination were longitudinally associated with the onset of 

chronic pain over 6 years follow-up. In subjects free from chronic pain at baseline (n=2039), we 

determined baseline HPA axis, IMS and ANS function, and the total number of recent adverse life 

events at baseline. Function of the HPA axis included assessment of salivary cortisol levels (awakening 

level, 1-hour awakening response, evening level, diurnal slope and postdexamethasone level). For 

function of IMS, both levels of basal inflammatory markers and the innate immune response were 

determined. Both sympathetic and parasympathetic activity of the ANS were examined. We followed-

up our subjects for the onset of chronic pain after 2, 4 and 6 years. Our study could not confirm that 

function of biological stress systems (HPA axis, IMS and ANS) was associated with the onset of chronic 

pain, either by itself or in interaction with adverse life events. This potentially suggests that biological 

alterations in chronic pain subjects, as indicated by hypocortisolemia (Chapter 2) and an increased 

innate immune response (Chapter 3), are consequences rather than risk factors for developing chronic 

pain. We did find that an increased number of adverse life events was a risk factor for the onset of 

chronic pain. With the experience of every additional adverse life event, the risk of developing chronic 

pain over 6 years increased by approximately 14%. This finding may suggest that psychosocial factors 

play a role in triggering the development of chronic pain.   

 

Chapter 5 aimed to test the hypothesis that function of biological stress systems (HPA axis, IMS and 

ANS), recent adverse life events, or a combination were longitudinally associated with the remission 

of chronic pain over 6 years follow-up. In subjects with chronic pain at baseline (n=665), we assessed 

baseline HPA axis, IMS and ANS function, and the total number of recent (<6 months) adverse life 
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events at baseline and 2-year follow-up. Function of the HPA axis included assessment of salivary 

cortisol levels (awakening level, 1-hour awakening response, evening level, diurnal slope and 

postdexamethasone level). IMS function was assessed by determining levels of basal inflammatory 

markers and the innate immune response. We examined both sympathetic and parasympathetic 

activity of the ANS. We followed-up our subjects for the remission of chronic pain after 2, 4 and 6 

years. Our analyses showed that biological stress systems function and adverse life events were not 

associated with the remission of chronic pain, either as a main effect or in interaction. Thus, altered 

biological stress systems function and adverse life events do not seem to hamper the remission of 

chronic pain, neither cause its persistence. This suggests that other factors should be considered to 

be able to identify those with persisting chronic pain. 

 

Brain-derived neurotropic factor, psychosocial stress and chronic pain 

Another biological factor that may be involved in central sensitization is brain-derived neurotrophic 

factor (BDNF), a neurotransmitter involved in the growth and protection of neural pain pathways 

[6,13]. Psychosocial stress, such as adverse life events and childhood trauma, might aggravate the 

impact of BDNF on chronic pain[6]. 

In Chapter 6, we tested the hypothesis that BDNF, recent adverse life events/childhood trauma, 

or a combination were cross-sectionally associated with the presence and severity of chronic pain 

(n=1646). The complete BDNF pathway was examined (val66met genotype, gene expression and serum 

level). Our analyses revealed that the BDNF val66met polymorphism was associated with the presence 

of chronic pain. Specifically, carriers of the met allele were more likely to have chronic pain compared 

to val/val carriers. BDNF gene expression and serum levels were not associated with the presence of 

chronic pain. This suggests that the BDNF gene has no simple one-to-one mapping to peripheral levels. 

A possible explanation is that peripheral BDNF levels are influenced by other (genetic, environmental 

or biological) factors than the BDNF gene. We observed no associations for the BDNF pathway with 

pain severity among chronic pain subjects. Life stress did not aggravate the impact of BDNF on pain, 

but was rather directly associated with the presence and severity of chronic pain. Our results imply 

that the BDNF met allele could mark vulnerability for chronic pain, whereas BDNF gene expression 

and serum level do not seem to play a role in chronic pain. Subjects with chronic pain did report 

increased levels of recent adverse life events and childhood trauma, which underlines the relevance 

of examining the role of psychosocial factors in chronic pain. 
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8 Summary and General Discussion 

Sleep disturbances, depressive symptoms and chronic pain 

Disturbed sleep is another factor that is hypothesized to contribute to the development of chronic 

pain, and this effect is possibly mediated by the experience of depressive symptoms[14]. 

In Chapter 7, our focus was to study the longitudinal association of sleep disturbances at baseline with 

chronic pain onset over 6 years follow-up. In subjects free of chronic pain at baseline (n=1860), we 

examined whether insomnia and sleep duration predicted the onset of chronic pain, and whether this 

association was mediated by depressive symptoms. Depressive symptoms were assessed at baseline 

and as a change score over time (from baseline to the moment of chronic pain onset/censoring). We 

found that both short sleep duration (≤6 hours vs. 7-9 hours) and insomnia increased the risk of the 

onset of chronic pain. The association between sleep disturbances and chronic pain onset seemed to 

be partially mediated by depressive symptoms (∆B=16-40%). In addition, baseline depressive 

symptoms and a further increase in depressive symptoms over time independently predicted chronic 

pain onset. Thus, insomnia, short sleep duration and depressive symptoms are all independent risk 

factors for developing chronic pain. This suggests it may be beneficial to improve sleep (quantity and 

quality) and depressive symptoms in order to decrease the risk of developing chronic pain.  

 

DISCUSSION OF THE MAIN FINDINGS  

Biological stress  ̶  cause or consequence of chronic pain? 

Chronic pain subjects showed unaltered ANS function in one previous NESDA study[4]. Chronic pain 

subjects do seem to show altered function of the HPA axis and IMS, indicated by hypocortisolemia 

and an increased innate immune response in our cross-sectional studies (Chapter 2 and Chapter 3). 

However, altered function of the HPA axis, IMS and ANS was no risk factor for future onset of chronic 

pain (Chapter 4).  

Thus, we could not confirm that biological vulnerability of the HPA axis, IMS and ANS predicts the 

development of chronic pain. What is the support of this notion from previous research? The general 

idea that changes in HPA axis, IMS and ANS predispose the development of chronic pain is based on 

a prominent hypothesis in the field[6]. However, most evidence for the involvement of biological 

stress systems comes from cross-sectional studies. A major caveat of these studies is that conclusions 

regarding causality cannot be drawn. In these studies, chronic pain subjects demonstrated altered 

sympathetic/parasympathetic balance, neuroendocrine and immune disturbances[6,15-17], and 

worsening of pain symptoms with the experience of stress[18-20]. Based on these findings, Maletic 

and Raison suggest a combination of biological and environmental underpinnings for chronic pain[6]. 

One previous longitudinal study (n=241) is a notable exception, which showed that altered function 

of the HPA axis predicted the onset of chronic widespread pain over 15 months follow-up[21]. Why 
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did they find their subjects to indicate biological vulnerability for chronic pain, whereas this was not 

confirmed in the NESDA study? This might be explained by measurement differences, e.g. in the 

assessment of pain, depression, anxiety and cortisol. In addition, the study by McBeth et al. followed-

up their subjects over a shorter period (15 months) than our study (2, 4 and 6 years). Perhaps HPA 

axis changes can only induce chronic pain within a shorter time span than two years. On the other 

hand, HPA axis vulnerability might in particular develop early in life by adverse childhood experiences 

[22,23] or by prenatal factors[24]. This vulnerability is thought to subsequently lead to long-term brain 

alterations which may facilitate disease later on in life[25]. Thus, HPA axis vulnerability resulting in 

chronic pain seems to be a gradual rather than a short-term process. Another explanation for our 

distinct findings is heterogeneity of samples. McBeth et al. included a group with high rates of 

psychosocial stress based on somatic symptoms and illness behavior, whereas the NESDA study 

included a group with high rates of depression and anxiety. It could therefore be that subjects in the 

McBeth study were more vulnerable to HPA axis changes. Also, their participants may differ from our 

participants in the presence of comorbidities. For example, both studies have no information on post-

traumatic stress disorder, even though it has previously been related to hypocortisolemia [16,26]. In 

addition, there are several methodological considerations that can explain our findings. This thesis 

found small to moderate cross-sectional associations for altered biological function with chronic pain, 

and these may not hold in subsequent longitudinal analyses with a smaller sample size. Another 

consideration is that most of our subjects already reported some pain at baseline. We cannot be 

completely sure that we predicted onset and remission of chronic pain rather than simply moving in 

and out of criteria of chronic pain. However, similar to the McBeth study, we checked the influence 

of pain intensity at baseline and this did not appear to affect our findings. Nevertheless, it is still 

possible that the transition from an absolutely pain-free state into a severe widespread pain state 

would result in different findings for biological stress systems with chronic pain. An important strength 

of our study, is that we have a much larger sample size (n=2039) than the McBeth study (n=241). Thus, 

we could also argue that if cortisol changes would predict the onset of chronic pain, we should have 

been able to shown this in our much larger cohort study.  

Irrespective of the aforementioned considerations, our findings may also imply that biological 

alterations in chronic pain subjects are consequences rather than risk factors of the condition. 

Although we did not examine this in our study, it could be that chronic pain itself, by acting as a chronic 

stressor, is the cause of biological alterations at a later stage[27]. Our cross-sectional studies showed 

that these biological changes included hypocortisolemia and an increased innate immune response. 

Several previous studies also reported a hypoactive state of the HPA axis in chronic pain[6,16,21,28-

30]. In acute pain, higher levels of cortisol are secreted be able to cope with the defense reactions 
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that are activated in response to stress. However, in case of chronic pain, the stress system may reach 

a state of exhaustion and the HPA axis turns to a state of hypoactivity[31]. Hypocortisolemia might be 

indicative of adrenal sufficiency, or disturbances at higher levels of the HPA axis, such as reduced 

secretion of corticotropin-releasing hormone from the hypothalamus[21,32,33]. In our study, hypo- 

cortisolemia seems to occur at awakening rather than in the evening. A possible explanation is a 

decreased cortisol secretion during the late phase of sleep or differences in frequency of cortisol peaks 

overnight[34,35]. This would concur with the finding that chronic pain subjects frequently suffer from 

sleep problems[36,37]. However, we did not measure nocturnal cortisol levels neither cortisol levels 

further throughout the day so this remains to be elucidated in future research. In this thesis, we also 

found suggestive evidence for an increased innate immune response in chronic pain. This might 

indicate a disturbed innate capacity of the IMS to produce cytokines. This could be the consequence 

of the prolonged incoming pain signals and the sustained inflammatory state[38]. Although hypo-

cortisolemia and innate immunity likely play a role in chronic pain, the complete understanding of 

underlying processes remains to be elucidated. 

Our study was the first large-scale longitudinal study to shed light on the role of three major 

biological stress systems in the etiology of chronic pain. In sum, we found altered function of biological 

stress systems in our cross-sectional studies, indicated by hypocortisolemia and an enhanced innate 

immune response, but these biological changes were no risk factor for the development of chronic 

pain.  

 

How does psychosocial stress result in chronic pain?  

Our finding that psychosocial stressors are related to the presence and severity of chronic pain seems 

to concur with several previous studies[39,40]. Specifically, our cross-sectional data demonstrated 

that chronic pain subjects report higher levels of recent adverse life events and childhood trauma 

(Chapter 6). Our longitudinal study confirmed that adverse life events were also prospectively 

involved in chronic pain (Chapter 4), which suggests that psychosocial factors may trigger the 

development of chronic pain. Our study is in line with several previous prospective studies that found 

recent life events and childhood trauma to increase the risk of developing chronic pain[41-43].  

The effect between adverse life events and chronic pain onset was not modulated by biological 

stress systems, suggesting that another pathway should explain this link. Our study assessed baseline 

function of biological stress systems. Perhaps changes in biological stress systems over time can 

modulate between psychosocial stress and the onset of chronic pain, but this has not yet been 

examined. Also, it is possible that not basal activity of biological stress systems, but rather disturbed 

reactivity of biological stress systems (in response to a stressor) explains the link between life events 
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and chronic pain. Severe early life stress such as childhood trauma has been suggested to permanently 

alter HPA axis responses under challenge[25]. For example, patients with fibromyalgia have previously 

shown reduced cortisol release in response to a social stressor[26] or pharmacological challenge 

[44,45]. However, these studies had small sample sizes, and therefore future studies should examine 

the reactivity of biological stress systems in chronic pain in larger groups.  

An alternative explanation is that psychosocial stressors directly trigger central sensitization, 

without modulation of biological stress systems. Experiences or environmental triggers have been 

suggested to play a role in the transition from acute pain to chronic pain[46]. Psychosocial factors that 

are thought to affect the experience of pain include cognitions (i.e. thoughts, beliefs and appraisals), 

coping responses and social environmental variables[47]. Cognitions can be seen as nerve impulses 

which may have electrochemical consequences in the brain, additional to the consequences of 

peripheral nociceptive input[38]. Evidence suggests that experimentally induced psychosocial stress 

(e.g. ‘the Trier Social Stress test’) can contribute to central sensitization[48]. Also, negative cognitive-

affective reactions to pain, such as pain catastrophizing, may contribute to central sensitization and 

increased pain sensitivity[49,50]. These negative affective reactions have been found to increase brain 

activity in regions related to attention to pain, emotion and motor activity[49]. One recent study 

examined brain activation of fibromyalgia patients in response to negative, positive and neutral 

picture presentation[51]. Remarkably, fibromyalgia patients, unlike controls, did not perceive painful 

stimuli in the presence of positive pictures as less painful than those received while looking at neutral 

pictures, and pain was rated almost just as painful as during negative picture presentation. This was 

reflected by reduced activity in the orbitofrontal cortex (control/emotion) and the ventral anterior 

cingulate cortex (affect/pain modulation). Chronic pain patients may thus show a deficient connection 

of positive emotions with pain[51].  

Although not examined in this thesis, brain alterations might explain the link between negative 

experiences and the onset of chronic pain. From acute to chronic pain, there seems to be a shift in 

involvement of pain-modulatory brain areas to emotion-related brain areas[52]. Pain is sensory 

information that needs to be evaluated by the central nervous system, a complex process which 

involves memory, reasoning, and emotional processes[38,46]. Several neuroimaging studies have 

shown that life stress was associated with structural and functional alterations in brain regions related 

to cognitive and emotional functioning[25]. Similar brain regions seem to play a role in chronic pain, 

such as the dorsolateral and medial pre-frontal cortex, the anterior cingulate cortex and the 

insula[25,53]. In addition, chronic pain subjects have shown accelerated gray matter loss, indicative 

of premature aging[54]. Nevertheless, a major caveat of the current literature is its failure to identify 

whether these brain alterations occur before or after the development of chronic pain[55]. Thus, 
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although brain changes might modulate between stressful events and chronic pain, more prospective 

studies need to be performed to shed light on this hypothesis. One large-scale study (n=2987) suggests 

that genetic factors were at least just as important as environmental factors in the development and 

severity of chronic pain[56]. That study found an heritability estimate of 30% for severe chronic pain 

(Grade III and IV on the Chronic Pain Grade questionnaire)[56]. It is most likely that a combination of 

(epi)genetic factors, vulnerability to an altered stress response, life stress and impaired descending 

pain modulation underlies the etiology of chronic pain[25,55,57] 

Although we cannot provide a definite answer to the question how stressful events can induce 

chronic pain, the current biopsychosocial perspective on chronic pain suggests that thought processes 

can be powerful enough to contribute to chronic pain[38]. Nevertheless, the field of psychosocial 

stress and chronic pain is a complicated one and the precise dynamics remain to be further elucidated.  

 

Different predictors for onset vs. persistence of chronic pain  

This thesis shows that predictors associated with the onset of chronic pain were different from 

predictors of the persistence of chronic pain. Our study found that life events, but not biological stress 

systems were predictors of chronic pain onset (Chapter 4). Remarkably, neither life events nor 

biological stress systems seemed to play a role in the persistence of chronic pain (Chapter 5). 

Stressful life events appeared to play a role in the transition from acute to chronic pain rather 

than from chronic pain to persisting chronic pain. This is in contrast to the idea that psychosocial stress 

triggers both the development and worsening of central sensitization[6]. Our data implies that 

biological alterations occur in a later phase, possibly as a consequence of the chronic stressor of 

ongoing pain. These biological changes and the experience of negative life events do not seem to 

further determine whether a person’s chronic pain persists. Beyond this thesis, longitudinal studies 

examining these associations are currently lacking. However, previous studies did focus on other 

determinants and found that sociodemographic, pain-related, sleep-related, somatic and 

psychosocial factors may determine chronic pain persistence[58-62].   

Two previous large-scale prospective studies (n>19.000) also showed other predictors for the 

onset (obesity, sleep problems, chronic disease[63]) than for the persistence (anxiety/depression, 

smoking, body mass index, sleep problems, age and gender[64]) of chronic widespread pain over 11 

years follow-up. This seems to be in line with evidence from psychiatric research. For example, one 

previous cross-sectional study suggests that biological stress systems and BDNF play a role in the 

etiology but not in the progression from first to subsequent episodes of major depressive disorder 

(MDD)[65]. Thus, these studies, in combination with our findings, seem to underline that there are 

different risk factors for a different stage of the illness. 
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Biological stress systems in chronic pain vs. psychopathology  

The co-occurrence of chronic pain and psychopathology seems to be more the rule than the 

exception[66,67]. Chronic pain seems to increase the risk of the onset and worsen the course of 

depression and anxiety[68,69]. Reversely, depression and anxiety can increase the risk of the onset 

and persistence chronic pain[63,64]. It has even been hypothesized that chronic pain and psychiatric 

disorders are manifestations of the same underlying pathophysiological condition, as they are both 

characterized by ‘neurosensitization’[70] and share similar neuroendocrine, immune and autonomic 

disturbances of the stress response[6,71]. 

Overall, this thesis showed that depression and anxiety seemed to influence our associations 

between biological factors and chronic pain. Depressive and anxiety disorders, typically related to 

hypercortisolemia, appeared to mask the association between hypocortisolemia and chronic pain 

(Chapter 2). Several previous studies that failed to stratify their analyses according to the presence of 

psychopathology might have led to misconceptions regarding the role of the HPA axis in chronic pain. 

It could be that different subtypes of depression are related to distinct biological changes. For 

example, hypercortisolemia has particularly been found in melancholic depression, but not in atypical 

depression[72]. This thesis also showed that adjusting for depression and anxiety moderately 

attenuated the cross-sectional associations of the immune system with chronic pain (Chapter 3). In 

addition, we found unaltered BDNF serum levels in chronic pain (Chapter 6), whereas a previous 

NESDA study found decreased BDNF serum levels in depression[73]. Whereas hypocortisolemia did 

not seem to play a role in the course of chronic pain (Chapter 5), it has previously been related to the 

course of depression[74]. Thus, although similar stress systems might be involved, our studies suggest 

that chronic pain and psychopathology may not be entirely similar in their underlying patho-

physiology. 

 

A new hypothesis for the etiology of chronic pain 

Based on the overall findings of this thesis, I propose a new hypothetical framework (see Figure 1) in 

which psychosocial stress factors and sleep problems induce central sensitization, ultimately resulting 

in the onset of chronic pain, which subsequently alters function of biological stress systems 

(hypocortisolemia, higher innate immune response). These biological alterations, and adverse life 

events, do not further impact the persistence of chronic pain (not depicted in Figure 1). In addition, 

other factors, not examined in this thesis, such as genetic[55,56] and other biological[6] and psycho- 

social factors[75] presumably play a role in the etiology of chronic pain. 
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Figure 1. New hypothetical framework for the etiology of chronic pain based on findings in this thesis.  

 

Methodological considerations  

Strong aspects of the NESDA study are the large sample size, the longitudinal design, the assessment 

of a wide range of biological variables, and the possibility to take several relevant covariates into 

account. The NESDA study included subjects with a great variation in symptoms, with or without 

depressive or anxiety disorders, which resulted in the inclusion of sufficient subjects both with and 

without the presence, onset and persistence of chronic pain. Moreover, we had sufficient sample sizes 

when stratifying our analyses, which provided the opportunity to examine moderation effects of 

variables such as depression.  

However, with every large-scale cohort study, there are some methodological aspects to 

consider. Overall, one consideration is our measurement of chronic pain, which is distinct from 

previous studies. Our classification of chronic multi-site musculoskeletal pain is pain in the 

extremities, the back, and the neck in the prior 6 months. This seems to be a broader approach 

compared to previous studies using clinical examination of the chronic widespread pain (CWP) criteria 

(pain in all four body quadrants)[76]. Thus, subjects in the NESDA study may show milder pain 

complaints than subjects from previous studies that used these CWP criteria. It is possible that our 

results may systematically vary between individuals and between patients with pain who are given 

different diagnoses (fibromyalgia (CWP), rheumatoid arthritis, osteoarthritis or low back pain). 

However, multi-site pain not meeting the CWP criteria can be just as demanding and limiting in daily 

life[77]. Moreover, since contaminations across diagnoses is not uncommon in clinical reality, setting 

broader parameters for studying chronic pain may be useful.  

Due to the design of the NESDA study, we included a high rate of participants with depressive 

and/or anxiety disorders. This may have resulted in selection bias; our participants may not 
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adequately represent the general population. Nonetheless, certain levels of psychosocial stress at 

baseline are needed to be able to include sufficient persons with chronic pain. Also, the NESDA study 

enabled us to take the confounding or moderating effects of psychopathology into account, which 

were measured by structural interviews according to Diagnostic and Statistical Manual (DSM) 

standards[78]. This is a major strength compared to previous studies on chronic pain, which mostly 

used self-report questionnaires to measure depression and anxiety, if they included it as confounders 

at all. 

Another important issue is the measurement of biological variables. First, whereas missing data 

does not seem differential between persons with and without chronic pain for the innate immune 

response, it may be slightly differential for salivary cortisol. Since participants collected cortisol levels 

at home, the levels may be subject to differences due to compliance with the sample protocol. 

Although our previous pilot study indicated that NESDA participants were compliant with the intake 

of dexamethasone[79], missing data may still be differential for the basal cortisol levels. Second, we 

assessed biological factors on 1 day, whereas levels of cortisol, cytokines, autonomic markers and 

BDNF may fluctuate from day to day. This may have affected the reliability of our findings. 

Inflammatory markers have been found to accurately capture the short-term variability up to 6 

months within an individual[80]. Most of the variance for cortisol, however, may reflect day-to-day 

fluctuation[81]. It has been suggested that assessment of 2 to 6 days can substantially increase the 

reliability of the cortisol awakening response[82]. However, costs and burden of participants also play 

a role in our large epidemiological study, and we have likely compensated the reliability of our findings 

with our large sample size. Third, this thesis assessed biological stress systems at a peripheral level, 

and these may not be correlated with levels of the same marker within the central nervous system. 

For example, a higher innate immune response was found in blood plasma of chronic pain subjects, 

but this does not provide any information on immune processes within their brain and spinal cord. It 

may be relevant to examine whether biological vulnerability for central sensitization can be found 

when examining central processes. On the other hand, pain hypersensitivity might be mainly central, 

but the combination of peripheral impulse input and increased central pain sensitivity is thought to 

be responsible for chronic pain disorders[83,84]. This suggests to study the relative contribution of 

both peripheral and central factors to chronic pain[85]. 

 

Clinical implication 

The prevalence of chronic pain is increasing world-wide and holds a top position among the list of 

diseases with high disease burden[1]. In order to improve treatment, it is essential to increase our 
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understanding of the risk factors of the onset and persistence of chronic pain. This thesis aimed to 

examine several biological and psychosocial factors in relation to chronic pain.  

In order to find interventions to prevent chronic pain, our findings suggest to focus on coping 

with stressful events and the improvement of sleep and depressive symptoms. Studies targeting these 

factors for prevention of chronic pain are currently lacking. One recent Cochrane review suggests that 

cognitive behavioral therapies aimed at decreasing distress may provide small benefits for reducing 

pain, negative mood, and disability in fibromyalgia patients[86]. Interventions based on changing 

sleeping habits may also improve pain and mood[60,87]. 

When subjects have already been exposed to chronic pain, stress reduction programs might also 

positively affect the biological changes (hypocortisolemia, higher innate immune response) that we 

found in our chronic pain subjects. Although evidence is suggestive, some previous studies found that 

treatment aimed at reducing arousal and stress (e.g. meditation, mindfulness stress-based therapy) 

can have a beneficial effect on immune and cortisol parameters[88-90]. This could possibly result in 

normalization of the biological stress response, which might subsequently improve pain symptoms. 

This thesis found that biological stress systems and life events did not play a role in the 

persistence of chronic pain. This suggests future research is needed to determine targets for 

treatment of chronic pain. One previous cohort study among Dutch chronic widespread pain patients 

(n=200) found that baseline predictors of better outcome of multidisciplinary treatment were less 

anxiety, stronger beliefs in personal control, less belief in consequences, less pain, less fatigue, higher 

level of education, and male gender[91]. Previous studies suggested that key mechanisms of change 

in treatment of chronic pain could be improvement of negative emotional cognitions such as 

catastrophizing[92,93] and fear-avoidance beliefs (avoidant behavior of activity based on fear)[94-

96].  

 

Future research 

This thesis aimed at providing insight into the factors contributing to chronic pain. Although this thesis 

significantly contributed to the knowledge on the role of biological and psychosocial factors in chronic 

pain, as with any good research, many questions still remain which can be addressed in future studies. 

First, this thesis can speculate that HPA axis and IMS alterations are consequences of chronic pain, 

but we only provided evidence that these changes are likely no causes of the condition. Additional 

large-scale prospective studies are needed to confirm that these biological changes are indeed 

consequences of chronic pain. To confirm our hypothesis, a group of subjects with chronic pain at 

baseline has to be identified and followed-up over time. Both at baseline and follow-up, biological 

function, pain and several covariates such as depression should be assessed. Also, to determine 
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generalizability of these findings, studies could be performed examining more severe types of pain, 

such as chronic widespread pain, the cardinal symptom of the fibromyalgia syndrome.  

Second, future studies could focus on examining which pathway explains the associations for 

adverse life events, disturbed sleep and depressive symptoms with the future onset of chronic pain. 

Biological stress reactivity in response to stress rather than basal activity could be examined as such 

a potential pathway. The reactivity of (neuro)biological factors should be assessed at the peripheral 

as well as the central level of the nervous system to examine their relative contribution to chronic 

pain. Neuroimaging studies could be performed to examine brain activity in emotion-related areas 

before and after the development of chronic pain, to be able to draw conclusions about a causal 

direction.  

Third, our findings suggest to test a prevention program that includes coping with stressful events 

and improvement of sleep and depressive symptoms, in order to prevent the development of chronic 

pain. This treatment could be tested in subjects that are vulnerable for the development of chronic 

pain, for example subjects with a diagnosis of (another) chronic condition or acute pain patients (e.g. 

after surgery). Finally, this thesis further suggests to examine predictors of chronic pain persistence, 

other than biological stress systems and life events, to be able to identify which persons are at risk for 

ongoing pain while other persons improve in their pain symptoms. Future studies could assess the 

persistence of chronic pain over a longer course of time than 6 years, in particular because most 

patients ending up in a clinical setting have had pain symptoms for a longer period than 6 years[92,97].   

 

In conclusion 

This thesis could not confirm that dysfunction of three major biological stress systems   ̶ HPA axis, IMS 

and ANS ̶  are associated with the development of chronic pain. Chronic pain subjects did show altered 

HPA axis and IMS function in our cross-sectional studies, suggesting these changes might evolve as 

consequences of chronic pain. Biological stress systems and adverse life events do not further impact 

the persistence of chronic pain. Adverse life events, disturbed sleep and depressive symptoms are all 

independent risk factors of future development of chronic pain. These psychosocial factors could be 

valuable targets for prevention of chronic pain among those at risk for developing the condition. In 

addition, future large-scale prospective studies should be performed to test our hypothesis that 

changes in HPA axis and IMS function are indeed consequences of chronic pain. 
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SAMENVATTING 

Achtergrond 

Chronische pijn is een omvangrijk en groeiend probleem. Chronische pijn in het bewegingsapparaat 

staat bovenaan op de wereldranglijst van de meest belastende aandoeningen[1]. Ruim 2 miljoen 

Nederlanders lijden aan chronische pijn[2]. Chronische pijn wordt meestal gedefinieerd als pijn die 

langer aanhoudt dan 3 maanden[3]. De aandoening heeft negatieve gevolgen voor het dagelijks 

functioneren, de kwaliteit van leven en de psychische gezondheid van de patiënt[4,5]. De 

maatschappelijke kosten van chronische pijn lopen in Nederland op tot 20 miljard euro per jaar[6]. De 

huidige behandelingen lijken tot op heden matig effectief[7,8]. Om preventie en behandelingen te 

verbeteren, is allereerst meer kennis nodig over welke factoren bijdragen aan het ontstaan en het 

voortduren (beloop) van chronische pijn. Momenteel is dit vrijwel onbekend. Er is echter wel 

toenemend bewijs dat chronische pijn ontstaat ten gevolge van ‘centrale sensitisatie’: een proces 

waarbij het centrale zenuwstelsel overprikkeld is geraakt en sneller of eerder reageert op zowel 

pijnlijke prikkels als prikkels die normaliter niet pijnlijk zijn[3]. Men veronderstelt dat zowel 

biologische als psychosociale factoren kunnen bijdragen aan centrale sensitisatie, en dus aan 

chronische pijn[9,10]. Het algemene doel van dit proefschrift is daarom het bestuderen van 

biologische factoren (biologische stress-systemen en brain-derived neurotrophic factor) en 

psychosociale factoren (recente stress en jeugdtrauma) in relatie tot het ontstaan en beloop van 

chronische pijn. Daarnaast onderzoeken we als laatste onderdeel in dit proefschrift de rol van 

slaapproblemen en depressieve symptomen bij chronische pijn.  

 

Biologische stress-systemen 

Men veronderstelt dat het verstoord functioneren van biologische stress-systemen, in combinatie 

met blootstelling aan stressvolle gebeurtenissen, ten grondslag liggen aan centrale sensitisatie, en dus 

aan chronische pijn[11]. Onder biologische stress-systemen wordt een samenspel van 

lichaamsprocessen verstaan in o.a. de hersenen, het bloed en de zenuwbanen, die geactiveerd 

worden wanneer er sprake is van bedreiging of stress. Deze biologische stress-systemen zijn het 

autonome zenuwstelsel, de hypothalamus-hypofyse-bijnier-as (kortweg:  ‘HPA-as’), en het immuun- 

systeem. Het autonome zenuwstelsel is het deel van het zenuwstelsel dat zelfstandig en automatisch 

verschillende organen aanstuurt (en b.v. de hartslag verhoogt). De HPA-as is een belangrijk hormonaal 

systeem dat de productie van cortisol uit de bijnierschors activeert. Cortisol is een ‘stress-hormoon’ 

dat het lichaam normaliter beschermt tegen gevaar, o.a. door vrijmaking van energie uit de spieren 

en het normaliseren van adrenaline. Het immuunsysteem, oftewel afweersysteem, produceert en 

remt de aanmaak van verschillende immuunmoleculen (waaronder cytokines zoals interleukin-6) om 
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adequaat te kunnen reageren op b.v. infecties. Een aantal voorgaande studies heeft reeds 

veranderingen in deze systemen aangetoond bij chronische pijn[11-14]. Deze studies hadden echter 

kleine steekproefgroottes, wat ten koste gaat van de betrouwbaarheid van de resultaten. Daarnaast 

werd er in deze studies niet altijd rekening gehouden met verstorende factoren zoals bijvoorbeeld 

depressie, die ook invloed kunnen hebben op de biologische stress-systemen. Daarom wordt in dit 

proefschrift het functioneren van biologische stress-systemen vergeleken tussen mensen mét en 

zonder chronische pijn m.b.v. data van de grootschalige NESDA-studie, waarbij tevens rekening wordt 

gehouden met de invloed van factoren zoals depressie.  

 

In Hoofdstuk 1 van dit proefschrift wordt een uitgebreide theoretische achtergrond gegeven en 

worden de onderzoeksvragen gedefinieerd. Tevens wordt hier de methodologie van de studies 

beschreven. De definitie van chronische pijn in dit proefschrift is wijdverspreide pijn in zowel de rug, 

nek én gewrichten in de afgelopen 6 maanden (‘chronic multi-site musculoskeletal pain’). Voor al de 

studies in dit proefschrift is gebruik gemaakt van gegevens van de Nederlandse Studie naar Depressie 

en Angst (NESDA). De onderzoeksresultaten worden gepresenteerd in Hoofdstuk 2 t/m 7. 

 

Resultaten 

Het autonome zenuwstelsel en chronische pijn 

In een eerdere NESDA-studie, die geen deel uitmaakt van dit proefschrift, werd de relatie tussen het 

autonome zenuwstelsel en chronische pijn onderzocht. Zowel het sympathische deel (actief bij actie) 

als het parasympatische deel (actief bij herstel) van het autonome zenuwstelsel werd onderzocht in 

relatie tot de aanwezigheid en de ernst van chronische pijn (n=1574)[15]. Er werd geen relatie tussen 

het autonome zenuwstelsel en de aanwezigheid van chronische pijn aangetoond. Kortom, mensen 

mét en zonder chronisch pijn lijken niet in het functioneren van het autonome zenuwstelsel te 

verschillen[15]. Echter, binnen de groep mensen met chronische pijn werd er wél een relatie 

gevonden tussen het zenuwstelsel en de ernst van pijn. Dat wil zeggen, mensen met intensere 

chronische pijn hebben een lagere hartslagvariabiliteit dan mensen met minder intense chronische 

pijn. Een mogelijke verklaring is dat intense pijn een chronische stressor is die het herstel 

(parasympatische deel) van het zenuwstelsel negatief beïnvloedt (zie voor deze voorgaande NESDA-

studie: [15]). 
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De hypothalamus-hypofyse-bijnier-as (HPA-as) en chronische pijn 

In dit proefschrift wordt allereerst de relatie onderzocht tussen het functioneren van de HPA-as en de 

aanwezigheid en de ernst van chronische pijn (n=1125) (zie Hoofdstuk 2). Het functioneren van de 

HPA-as wordt gemeten d.m.v. speekselonderzoek. Hieruit worden verschillende cortisolwaarden 

bepaald: de waarde direct na het ontwaken, de 1-uurs ochtendcurve, de avondwaarde, de dagcurve 

en het cortisolgehalte na de inname van dexamethason (een test die verstoorde functie van de 

negatieve feedbackloop van de HPA-as kan aantonen). De gemeten cortisolwaarden worden 

vergeleken tussen mensen mét en zonder chronische pijn. Hieruit blijkt dat mensen met chronische 

pijn lagere cortisolwaarden bij het ontwaken, in de avond en in de dagcurve laten zien. Dit wordt ook 

wel aangeduid als hypocortisolemie, en dit kan ontstaan door een continue activatie van de HPA-as 

ten gevolge van langdurige blootstelling aan stress. Uiteindelijk leidt deze langdurige activatie tot 

uitputting van de HPA-as, wat resulteert in een verlaagde cortisolproductie[16]. Een relatie tussen 

cortisol en de ernst van chronische pijn wordt niet gevonden. Tevens blijkt dat depressie en 

angststoornissen een belangrijk maskerend effect laten zien op de relatie tussen cortisol en 

chronische pijn. Dat wil zeggen dat hypocortisolemie bij het ontwaken en in de dagcurve alleen 

zichtbaar is bij mensen met chronische pijn zónder depressie en/of angststoornissen. Mensen met 

chronische pijn en óók een depressie of angststoornis laten geen veranderingen in cortisolwaarden 

zien. Dit komt doordat depressie en angststoornissen op hun beurt gerelateerd zijn aan een verhoogd 

ochtendcortisol[17-20]. In vervolgonderzoek naar de relatie tussen de HPA-as en chronische pijn is 

het dus van belang om rekening te houden met deze psychiatrische stoornissen.  

 

Het immuunsysteem en chronische pijn 

Vervolgens onderzoeken we de relatie tussen het immuunsysteem en de aanwezigheid en de ernst 

van chronische pijn (n=1632) (zie Hoofdstuk 3). In deze studie worden de bloedniveaus vergeleken 

van (1) basale immuunmoleculen en (2) de immuunrespons tussen mensen mét en zonder chronische 

pijn. De basale immuunmoleculen die worden bestudeerd zijn de cytokines interleukin-6 en tumor 

necrosis factor-alpha, en het levereiwit C-reactive protein (CRP). In eerste instantie laten mensen met 

chronische pijn verhoogde waarden van deze basale immuunmoleculen zien. Echter houdt deze 

relatie geen stand wanneer rekening wordt gehouden met de factoren body mass index (een maat 

voor overgewicht) en chronische ziekten, die beide bekend staan om het verhogen van de waarden 

voor basale immuunmoleculen[21,22]. De groep mensen met chronische pijn in onze studie heeft 

immers gemiddeld gezien een hogere body mass index en meer chronische ziekten (zoals 

cardiovasculaire ziekten) dan de groep zonder chronische pijn.  
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De immuunrespons wordt bepaald aan de hand van het meten van de reactie van 13 cytokines op 

stimulatie met lipopolysaccharide (LPS), een substantie die het immuunsysteem maximaal stimuleert. 

Voor de immuunrespons wordt wél een verhoogde waarde gevonden bij chronische pijn, zelfs nadat 

rekening werd gehouden met body mass index en ziekten. De reden hiervoor is wellicht dat de 

immuunrespons meer bepaald wordt door genetische factoren dan de basale immuunmoleculen[23]. 

Een verhoogde immuunrespons bij chronische pijn zou kunnen duiden op meer kwetsbaarheid voor 

b.v. ontstekingen. De ernst van chronische pijn blijkt in deze studie niet gerelateerd aan het 

immuunsysteem.  

 

Biologische stress-systemen, psychosociale stress en het ontstaan van chronische pijn 

In Hoofdstuk 2 en Hoofdstuk 3 zijn aanwijzingen gevonden voor veranderingen in de HPA-as en het 

immuunsysteem bij chronische pijn. Echter blijft de vraag of deze veranderingen in biologische stress- 

systemen aanwezig zijn vóórdat chronische pijn ontstaat en dus wijzen op een soort biologische 

kwetsbaarheid. Om dit te onderzoeken, wordt de hypothese getoetst dat biologische stress-systemen 

(het autonome zenuwstelsel, de HPA-as en het immuunsysteem), recente stress, of een combinatie 

van die twee, gerelateerd zijn aan het ontwikkelen van chronische pijn (zie Hoofdstuk 4). We 

selecteren een groep mensen zonder chronische pijn (n=2039). Vervolgens bepalen we het 

functioneren van de biologische stress-systemen en het aantal recente stressvolle gebeurtenissen (in 

de afgelopen 6 maanden). Dan wordt gemeten of de proefpersonen na 2 jaar, 4 jaar of 6 jaar 

chronische pijn hebben ontwikkeld. Uit deze studie blijkt dat de drie biologische stress-systemen niet 

gerelateerd zijn aan het later ontstaan van chronische pijn, ook niet in combinatie met recente stress. 

Dit betekent dat het waarschijnlijker is dat de eerder aangetoonde biologische veranderingen bij 

chronische pijn (hypocortisolemie en verhoogde immuunrespons) gevolgen zijn van chronische pijn 

in plaats van risicofactoren. Er lijkt dus in onze studie geen sprake te zijn van biologische 

kwetsbaarheid voor chronische pijn. Daarentegen is het doormaken van meerdere stressvolle 

gebeurtenissen wél gerelateerd aan een verhoogd risico op het ontwikkelen van chronische pijn. Met 

elke extra negatieve levensgebeurtenis die men meemaakt, neemt het risico op het ontwikkelen van 

chronische pijn met ongeveer 14% toe. Dit betekent dat psychosociale factoren een belangrijke 

bijdrage lijken te leveren aan de ontwikkeling van chronische pijn. 

 

Biologische stress-systemen, psychosociale stress en het beloop van chronische pijn 

Vervolgens onderzoeken we of biologische stress-systemen (het autonome zenuwstelsel, de HPA-as 

en het immuunsysteem), recente stress, of een combinatie van die twee, een rol spelen bij het beloop 

van chronische pijn (zie Hoofdstuk 5). We selecteren een groep mensen met chronische pijn (n=665). 
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Wederom bepalen we het functioneren van de biologische stress-systemen en het aantal recente 

stressvolle gebeurtenissen (in de afgelopen 6 maanden). Vervolgens wordt het beloop van chronische 

pijn gemeten tijdens de vervolgmetingen na 2 jaar, 4 jaar en 6 jaar. Het beloop is onderverdeeld in (1) 

aanhoudende chronische pijn en (2) verbetering van pijnklachten. Met verbetering wordt bedoeld dat 

tijdens tenminste één van de vervolgmetingen geen pijn in de nek, de rug én de gewrichten wordt 

gerapporteerd (in de 6 maanden voorafgaand aan deze vervolgmeting). Uit deze studie blijkt dat noch 

de biologische stress-systemen noch recente stress gerelateerd zijn aan het beloop van chronische 

pijn. Ook wordt geen relatie gevonden voor de combinatie van biologische stress-systemen en recente 

stress met het beloop van chronische pijn. Dit betekent dat er in de toekomst andere risicofactoren 

onderzocht zullen moeten worden, om uiteindelijk te kunnen bepalen wie kwetsbaar is voor 

langdurige pijnklachten en wie een gunstiger beloop zal hebben.  

 

Brain-derived neurotropic factor, psychosociale stress en chronische pijn 

Bij chronische pijn kunnen er veranderingen in het brein optreden[24]. Een stof in het brein die hierbij 

mogelijk een rol speelt is de brain-derived neurotrophic factor (BDNF)[25,26], die een stimulerende 

werking heeft op de groei en bescherming van zenuwcellen[11,27]. Men veronderstelt dat BDNF een 

rol speelt bij chronische pijn[28-30], en dat blootstelling aan stress deze relatie versterkt[31]. Daarom 

onderzoeken we of BDNF, stress (recente stress/jeugdtrauma), of een combinatie van die twee, 

gerelateerd zijn aan de aanwezigheid en de ernst van chronische pijn (n=1646) (zie Hoofdstuk 6). Een 

uniek aspect van onze studie is dat we BDNF op drie manieren meten: (1) als een gen bestaande uit 

DNA, (2) als hoeveelheid genexpressie (in hoeverre de genetische code wordt omgezet in het 

bijbehorende eiwit), en (3) als eiwitgehalte in het bloedserum. Wij bestuderen de Val66Met variant 

van het BDNF-gen. Het Val66Met genotype verandert de structuur van het BDNF-eiwit door de vorming 

van de aminozuren (bouwstenen voor een eiwit) valine (Val) en methionine (Met)[32]. De mogelijke 

allelcombinaties die een persoon kan hebben zijn Val/Met, Val/Val en Met/Met. Uit onze analyses 

blijkt dat het BDNF Val66Met-genotype gerelateerd is aan de aanwezigheid van chronische pijn. Met 

andere woorden, dragers van het Met-allel (Val/Met of Met/Met) rapporteren vaker chronische pijn 

dan dragers van enkel Val-allelen (Val/Val). Dit betekent dat het BDNF-gen mogelijk een rol speelt in 

de genetische kwetsbaarheid voor chronische pijn. Dit zou echter bevestigd moeten worden in 

vervolgonderzoek waarin een breder scala aan genen wordt bestudeerd. De waarden voor BDNF-

genexpressie en BDNF-serum waren onveranderd bij chronische pijn, waaruit blijkt dat zij niet alleen 

bepaald worden door het BDNF-gen (waarin wel een afwijking werd gevonden). Een mogelijke 

verklaring hiervoor is dat deze waarden ook beïnvloed worden door andere genen dan het BDNF-gen, 

of door omgevingsfactoren of biologische factoren, zoals b.v. cortisol. Er wordt geen relatie tussen de 
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BDNF waarden en de ernst van chronische pijn gevonden in deze studie. Blootstelling aan stress blijkt 

geen invloed te hebben op de relatie tussen BDNF en pijn. Daarentegen is blootstelling aan stress wél 

onafhankelijk gerelateerd aan de aanwezigheid en de ernst van chronisch pijn. Dit betekent dat 

mensen met chronische pijn vaker recente stress en jeugdtrauma’s rapporteren, en dat de hoogste 

niveaus stress en trauma gerapporteerd worden door de mensen met de meest intense chronische 

pijn. 

 

Slaapproblemen, depressieve symptomen en het ontstaan van chronische pijn  

Als laatste onderdeel in dit proefschrift onderzoeken we een ander oorzakelijk model van chronische 

pijn. Slaapproblemen zijn een veelvoorkomend probleem bij chronische pijnpatiënten[33]. Er zijn zelfs 

aanwijzingen dat verstoorde slaap, via een negatief effect op de stemming, kan leiden tot de 

ontwikkeling van chronische pijn[34]. Daarom is de vraagstelling in deze studie of slaapproblemen 

een risicofactor zijn voor het later ontwikkelen van chronische pijn, en of deze relatie afhankelijk is 

van de hoeveelheid depressieve symptomen (zie Hoofdstuk 7). We selecteren de groep mensen die 

geen chronische pijn hebben tijdens de eerste meting (“baseline”) (n=1860), en bepalen hun 

slaapduur en de aanwezigheid van insomnia (slapeloosheid). Depressieve symptomen worden ook 

gemeten op baseline. Daarnaast wordt bepaald of deze symptomen veranderen over de periode van 

baseline tot de vervolgmetingen. De resultaten laten zien dat korte slaap (6 uur of minder vs. 7-9 uur) 

en insomnia beide gerelateerd zijn aan een verhoogd risico op het ontwikkelen van chronische pijn. 

Depressieve symptomen blijken deze relatie voor een aanzienlijk deel te verklaren, maar het effect 

tussen slaapproblemen en chronisch pijn blijft aanwezig. Ook blijkt dat depressieve symptomen (als 

baseline score en als toename over de tijd) een onafhankelijke risicofactor zijn voor het ontwikkelen 

van chronische pijn. Samengevat zijn dus insomnia, korte slaap en depressieve symptomen allemaal 

risicofactoren voor het ontwikkelen van chronische pijn. Dit betekent dat het leren omgaan met stress 

en de verbetering van stemming en slaap mogelijke aanknopingspunten zijn ter preventie van 

chronische pijn.  

 

Discussie en Conclusie 

Het laatste hoofdstuk van dit proefschrift eindigt met een samenvatting en een discussie van de 

belangrijkste bevindingen (zie Hoofdstuk 8). De belangrijkste conclusie is dat het functioneren van 

drie belangrijke biologische stress-systemen   ̶ het autonome zenuwstelsel, de HPA-as en het 

immuunsysteem ̶  geen risicofactor is voor het ontwikkelen van chronische pijn. Er lijkt dus geen 

sprake te zijn van biologische kwetsbaarheid voor chronische pijn. Daarnaast blijken biologische 

stress-systemen en recente stress niet gerelateerd te zijn aan een slechter beloop van chronisch pijn. 
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Er zijn echter bij chronische pijn wél veranderingen in de biologische stress-systemen aangetoond: 

hypocortisolemie van de HPA-as en een verhoogde immuunrespons. Deze biologische veranderingen 

treden dus mogelijk niet vóór maar ná het ontwikkelen van chronische pijn op. Vervolgonderzoek zou 

dit moeten bevestigen. Daarnaast kan onderzocht worden of deze biologische gevolgen terug te 

dringen zijn door stressreducerende behandelingen (zoals b.v. cognitieve gedragstherapie of 

meditatie), en of deze behandelingen vervolgens ook een positief effect hebben op de pijn. Tevens 

blijkt uit dit proefschrift dat recente stress, slaapproblemen en depressieve symptomen een verhoogd 

risico op het ontwikkelen van chronische pijn met zich meebrengen. Preventieve programma’s zouden 

zich dus kunnen richten op de verbetering van stemming en slaapgewoontes bij mensen die 

kwetsbaar zijn voor het ontwikkelen van chronische pijn (b.v. na een operatie of na diagnose met een 

andere chronische aandoening). Op deze manier is mogelijk de transitie van acute pijn naar 

chronische pijn te voorkomen, en het aantal mensen dat lijdt aan deze beperkende aandoening 

aanzienlijk terug te dringen. 
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