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Abstract 

Patients with inflammatory arthritis often report flares of disease during times of 

psychological distress. This is particularly pertinent during adolescence, a time 

when mental health problems often become apparent. Increasing scientific 

evidence supports the concept that psychological stress and depression can 

promote increased systemic pro-inflammatory cytokine production driven by 

reduced cortisol sensitivity. For patients with inflammatory arthritis, it is 

possible that psychological distress reduces cortisol sensitivity, increasing pro-

inflammatory cytokine production, which leads to worsened disease activity. This 

association has never been explored in detail for patients with juvenile idiopathic 

arthritis (JIA) or in a purely adolescent population.  

 

In this thesis I profile the psychological health of 136 adolescent JIA patients and 

88 healthy adolescent controls. I also investigate the associations between 

psychological health, disease activity and inflammatory measures. 

 

I demonstrate that depressive symptoms are highly prevalent for all adolescents 

(both adolescent JIA patients and healthy adolescents). There were no differences 

in anxiety, depression, mental wellbeing or resilience questionnaire scores 

between adolescent JIA patients and adolescent healthy controls. However, JIA 

patients reported significantly lower controllable life event scores than healthy 

adolescents, which is likely indicative of the lifestyle limitations that they 

experience.  

 

Depression and anxiety strongly associated with worsened disability and pain. 

When longitudinal associations between depression and disease activity were 

explored using data from the Childhood Arthritis Prospective Study, depression 

at diagnosis was found to predict future disability and pain. Disability, pain and 

active joint count at diagnosis were found to predict future depressive symptoms.  

 

Inflammatory mechanisms were also explored. For adolescent healthy controls, 

increased anxiety and depression associated with an increased pro-inflammatory 
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profile (increased lipopolysaccharide (LPS) induced IL-6 production from 

peripheral blood mononuclear cells). This was consistent with previous studies. 

However, for JIA patients, anxiety and depression associated with an anti-

inflammatory profile (increased sensitivity to glucocorticoid inhibition of the 

LPS-induced IL-6 response).  

 

The association between anxiety, depression and increased cortisol sensitivity for 

JIA patients does not explain the association between anxiety, depression, 

disability and pain. Rather, the association between psychological health and 

disability and pain may be explained by subtle behavioural and cognitive 

changes. The increased cortisol sensitivity seen with higher anxiety and 

depression scores appears to be unrelated to disease activity.   

 

Overall, this thesis suggests that increased psychological support for adolescent 

JIA patients, especially at diagnosis, may improve their mental health and could 

impact on current and future pain and disability. This thesis therefore supports 

the notion for routine assessment of mental wellbeing and psychological distress 

during adolescent rheumatology appointments.  
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Chapter 1.  Thesis overview 

Adolescence is a time of immense biological, social and vocational change. During 

this time, there is an increased incidence of psychological health problems that 

not only impacts on an adolescent’s current quality of life but also predicts 

psychopathology later in life. Many adolescents with an inflammatory 

rheumatological condition, such as juvenile idiopathic arthritis (JIA), are known 

to experience significant limitations in home, school and leisure activities as well 

as significant pain, disability and fatigue. However, there are no reports in the 

literature of the mental health of adolescents with JIA. In the adult literature, 

depression and psychological stress have been found to associate with worsened 

inflammatory disease. Increased cytokine production and a reduced sensitivity to 

endogenous cortisol are two mechanisms that have been shown to contribute to 

this worsened inflammatory disease during times of psychological distress in 

adults. In adolescent rheumatology clinics, adolescents and clinicians often report 

flares of disease during times of psychological stress or low mood. However, this 

association has never before been investigated for adolescents with JIA.  

 

The first hypothesis explored in this thesis was that during times of low mood, 

adolescent patients with JIA experience worsened disease activity. The second 

hypothesis was that during times of low mood, immune cells from these patients 

would produce higher levels of pro-inflammatory cytokines and would have a 

reduced sensitivity to glucocorticoids. 

 

The aims of this thesis were to profile the psychological health, disease activity 

and inflammatory profile of adolescent JIA patients. This thesis also aimed to 

explore the relationships between these factors.  

 

A total of 136 JIA patients aged 13-18 years olds were recruited from the 

University College London Hospital (UCLH) adolescent rheumatology clinic. 88 

age and gender matched healthy adolescents were also recruited. Study 

participants completed psychological questionnaires assessing depression, 

anxiety, life event stressors, wellbeing and resilience. A blood sample was taken 
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to assess pro-inflammatory cytokine release and glucocorticoid sensitivity and 

for JIA patients, clinical measures of disease activity were recorded.  

 

The association between psychological health and disease activity for adolescent 

JIA patients was also explored within a wider population using data from the 

Childhood Arthritis Prospective Study (CAPS). Although both populations were 

cohorts of adolescent JIA patients, there were important differences between the 

two groups which made each cohort useful to look at for different reasons. For 

the CAPS cohort, patients were recruited within six months of diagnosis and 

stringent inclusion criteria were applied. This reduced the variation seen in 

disease duration, age of onset, medication use and JIA category (those with 

psoriatic arthritis and systemic onset JIA were not included due to low numbers 

of patients in these categories). This allowed a focused analysis of the cross-

sectional and longitudinal data. In contrast, the UCLH cohort was intended to be a 

‘snapshot’ of all JIA patients attending an adolescent rheumatology clinic. All JIA 

patients were recruited to the UCLH cohort regardless of ILAR JIA category, 

disease duration or biologic use.  

 

The results presented in this thesis show that adolescents with JIA attending the 

UCLH adolescent rheumatology clinic experienced equivalent levels of anxiety, 

depression, wellbeing and resilience as healthy adolescents. However, JIA 

patients reported significantly lower controllable life event scores than healthy 

adolescents, which is likely indicative of the lifestyle limitations that they 

experience.  

 

The association between psychological health and disease activity was explored 

in both the CAPS and UCLH populations. Depression and anxiety strongly 

associated with worsened disability and pain. When longitudinal associations 

between depression and disease activity were explored using data from the 

Childhood Arthritis Prospective Study, depression at diagnosis was found to 

predict future disability and pain. Disability, pain and active joint count at 

diagnosis were found to predict future depressive symptoms.  
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Inflammatory mechanisms were also explored in the UCLH population. For 

adolescent healthy controls, increased anxiety and depression associated with an 

increased pro-inflammatory cytokine production from immune cells. This was 

consistent with previous studies. However, for JIA patients, anxiety and 

depression associated with an anti-inflammatory profile (immune cells had an 

increased sensitivity to glucocorticoids).  

 

The association between anxiety, depression and increased glucocorticoid 

sensitivity for JIA patients does not explain the association between anxiety, 

depression, disability and pain and appears to be unrelated to disease activity. 

Rather, the association between psychological health and disability and pain may 

be explained by subtle behavioural and cognitive changes.  

 

The introduction (Chapter 2) will provide an overview of the current literature in 

the main subject areas covered in this thesis; JIA (clinical presentation, 

immunological dysfunction and long term outcomes), adolescent 

psychopathology, clinical evidence of psychological distress-associated 

exacerbation of inflammatory disease and mechanisms of psychological distress 

induced inflammation. Details of the search terms and search strategy used can 

be found in Appendix A. 
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Chapter 2.  Introduction 

2.1 The immune system and autoimmune disease 

2.1.1 The innate immune system 

The innate immune system is the earliest barrier to infection. For a pathogen to 

infect an individual, it must first get through physical barriers of the skin 

epithelia and mucosal membranes (Murphy et al., 2008, Kindt et al., 2007). Once 

infected, pathogens are recognised by the innate immune system and killed 

leading to resolution of the infection (Murphy et al., 2008, Abbas et al., 2014).  

 

Intracellular and extracellular pathogens can be recognised by pattern 

recognition receptors (PRRs) on innate immune cells (Murphy et al., 2008, Abbas 

et al., 2014). The two main anti-microbial strategies used by immune cells are 

degranulation (used by neutrophils, natural killer cells, basophils, mast cells and 

eosinophils) and phagocytosis (used by macrophages, dendritic cells, neutrophils 

and mast cells) followed by apoptosis or antigen presentation (see below) 

(Murphy et al., 2008, Abbas et al., 2014). Another innate immune mechanism is 

the complement system which opsonises pathogens, coating them in complement 

molecules and antibodies facilitating phagocytosis and cell lysis (Murphy et al., 

2008).   

 

2.1.1.1 Toll like receptors 

Pathogens often have structures with repeated patterns called pathogen 

associated molecular patterns (PAMPs), which are recognised by PRRs (Takeuchi 

and Akira, 2010, Akira and Takeda, 2004). PAMPs recognised by PRRs include 

lipopolysaccharide (LPS) (a bacterial endotoxin), bacterial flagellin, double 

stranded ribonucleic acid, CpG and peptidoglycan (Takeuchi and Akira, 2010, 

Akira and Takeda, 2004). PRRs can also recognise damage associated molecular 

patterns (DAMPs). DAMPs are molecules released from damaged cells such as 

deoxyribonucleic acid (DNA), ribonucleic acid (RNA) and nuclear proteins 

(Takeuchi and Akira, 2010, Akira and Takeda, 2004). There are four different 

types of PRR; toll like receptors (TLRs) which detect bacteria and viruses, C-type 
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lectin receptors (CLRs) which detect fungi, retinoic acid inducible gene-1-like 

receptors (RLR) which detect RNA viruses and nod like receptors (NLR) which 

detect bacteria (Takeuchi and Akira, 2010).   

 

TLRs are the best characterised of these four PRR classes. To date, TLR1 through 

to TLR11 have been identified in humans and are able to detect both intracellular 

and extracellular pathogens (Takeuchi and Akira, 2010). TLRs are comprised of 

an external leucine rich repeat domain which binds to ligands, a transmembrane 

domain and a cytoplasmic toll/IL-1receptor (TIR) domain (Lee and Min, 2007). 

Downstream of the TLR there are four TIR adapter molecules; myeloid 

differentiation primary-response protein 88 (MyD88), TIR-domain-containing 

adaptor protein (TIRAP), TIR-domain-containing adaptor protein inducing IFN-β 

(TRIF) and TRIF-related adaptor molecule (TRAM) (Lee and Min, 2007). These 

TIR adapter molecules activate the downstream transcription factors nuclear 

factor kappa beta (NFκβ), and activator protein 1 (AP-1), which cause production 

of pro-inflammatory cytokines. The transcription factors interferon regulatory 

factor 3 (IRF3) and IRF7 can also be activated and lead to antiviral type 1 

interferon (IFN) production (Lee and Min, 2007). 

 

2.1.1.1.1 Toll like receptor 4 

TLR4 binds extracellular LPS and is located on the plasma membrane. A number 

of molecules are involved in LPS activation of TLR4 (Figure 2.1). LPS first binds to 

the soluble protein LPS-binding protein (LBP) (Lu et al., 2008). LBP also binds to 

the membrane-bound cluster of differentiation 14 (CD14) (Lu et al., 2008). This 

LBP/CD14 complex facilitates LPS binding to myeloid differentiation factor 2 

(MD-2), a soluble protein that is bound to TLR4 (Lu et al., 2008). Upon binding to 

LPS, MD-2 causes TLR4 activation (Figure 2.1) (Lu et al., 2008). 

 

Once activated TLR4 has two downstream signalling pathways; the MyD88 

dependent pathway or the MyD88 independent pathway (Figure 2.1) (Akira and 

Takeda, 2004). The MyD88 pathway signals via IL-1 receptor-associated kinase 4 

(IRAK-4), tumour necrosis factor receptor-associated factor 6 (TRAF-6) and 

transforming growth factor-β-activated kinase 1 (TAK-1) (Akira and Takeda, 
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2004, Lu et al., 2008). TAK-1 activates the IκB kinase (IKK) complex, which is 

made up of IKKα, IKKβ and IKK. The IKKs phosphorylate IκB (inhibitor of kappa 

B), causing IκB to degrade and allowing NFκβ to translocate to the nucleus. TAK-1 

also activates mitogen activated protein kinase (MAPK), which activates AP-1 

(Akira and Takeda, 2004, Lu et al., 2008). MyD88 can also activate IRF5. NFκβ, 

AP-1 and IRF5 induce expression of pro-inflammatory cytokines such as tumour 

necrosis factor α (TNFα) and interleukin 6 (IL-6) (Akira and Takeda, 2004). The 

MyD88 independent pathway signals via TRAM and TRIF to activate receptor 

interacting protein 1 (RIP-1) and TRAF-3 (Akira and Takeda, 2004, Lu et al., 

2008). RIP-1 signals via MAPK to activate AP-1 and via IKKs to activate NFκβ. 

TRAF-2 signals via TRAF family member-associated NF-κB activator (TANK), IKKi 

and TANK binding kinase 1 (TBK1) to activate IRF3 (Akira and Takeda, 2004, Lu 

et al., 2008). AP-1, NFκβ and IRF3 all induce type 1 IFN expression. (Akira and 

Takeda, 2004, Lu et al., 2008).  
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2.1.2 The adaptive immune system 

The adaptive immune system takes longer to respond to pathogens but is a 

pathogen specific response which also has the properties of ‘immunological 

memory’ meaning a stronger response next time the same antigen is recognised. 

In short, antigen presenting cells (APCs)(such as dendritic cells) present antigen 

through Major Histocompatability Complex (MHC) Class II to a T cell with a 

complementary T cell receptor (TCR) in the lymph node (Murphy et al., 2008). 

Figure 2.1 LPS and TLR4 signalling 

LPS binds to TLR4 via MD-2. There are two downstream signalling pathways; 

the MyD88 dependent pathway, which induced pro-inflammatory cytokine 

release, or the MyD88 independent pathway, which induces anti-viral type-1 

interferon release. Adapted from (Lu et al., 2008) 
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This activates the T cell, causing clonal expansion, differentiation into a helper T 

cell and cytokine release (Murphy et al., 2008, Kindt et al., 2007, Abbas et al., 

2014). This T cell derived cytokine response is often termed the ‘cell mediated’ 

response (Murphy et al., 2008, Kindt et al., 2007, Abbas et al., 2014). CD4+ T cells 

can differentiate into different types of T helper cells, mainly Th1 cells 

(responsible for the elimination of intracellular pathogens and viruses), Th2 cells 

(responsible for eliminating extracellular pathogens such as bacteria and 

allergens), Th17 cells (responsible for extracellular pathogens such as bacteria 

and fungi) and regulatory T cells (Tregs) (responsible for regulating the immune 

response) (Murphy et al., 2008).  

 

A B cell becomes activated once the antigen binds to an antibody on the cell 

surface (Murphy et al., 2008). The antigen is then processed and presented on the 

surface of the B cell through MHC Class II (Murphy et al., 2008). In the germinal 

centre, a helper T cell with a complementary TCR then binds to and activates the 

B cell causing clonal expansion of antibody producing plasma cells and memory B 

cells (Murphy et al., 2008, Kindt et al., 2007, Abbas et al., 2014). This B cell and 

antibody mediated immune response is often termed the ‘humoral response’ 

(Murphy et al., 2008, Kindt et al., 2007, Abbas et al., 2014). 

 

To prevent an immune attack on self-antigen, a process of self-tolerance is 

carried out. During T cell development in the thymus, T cells are positively 

selected for self-MHC recognition and negatively selected for self-antigen 

recognition (Murphy et al., 2008, Abbas et al., 2014). This ensures T cells will only 

be activated by pathogenic antigen presented on self MHC (Murphy et al., 2008). 

Similarly, during B cell development in the bone marrow, B cells are negatively 

selected for if they are self-antigen reactive (Murphy et al., 2008, Abbas et al., 

2014).  

 

Tregs inhibit immune activation of self-reactive T cells in the periphery through 

secretion of immunosuppressive cytokines such as interleukin 10 (IL-10) and 

transforming growth factor beta (TGFβ) and by blocking self-antigen 

presentation to T cells (Murphy et al., 2008, Abbas et al., 2014). Regulatory B cells 
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(Bregs) facilitate Treg differentiation and suppress excessive Th1 inflammation 

through IL-10 secretion (Murphy et al., 2008, Mauri and Bosma, 2012).  

 

2.1.3 Cytokine signalling 

Cytokines are the messenger protein molecules of the immune system that can 

act in an autocrine or paracrine manner. Cytokines can be classified by the cell 

type that secretes them. Th1 cells target intracellular pathogens and secrete the 

following cytokines; IL-2, interferon gamma (IFNγ), TNF and granulocyte 

macrophage colony-stimulating factor (GM-CSF) (Murphy et al., 2008, Kindt et al., 

2007, Abbas et al., 2014). Th2 cells target extracellular pathogens and secrete IL-

4, IL-5, IL-6, IL-10 and IL-13 (Murphy et al., 2008, Kindt et al., 2007, Abbas et al., 

2014).  Th17 cells also target extracellular pathogens and secrete IL-17 and IL-22 

(Murphy et al., 2008). As discussed above, Tregs secrete IL-10 and TGFβ and 

Bregs secrete IL-10 giving these cells immuno-regulatory function (Murphy et al., 

2008, Kindt et al., 2007, Abbas et al., 2014). 

 

2.1.3.1  Interleukin-6 

Many immune cells produce IL-6 following TLR stimulation, mainly monocytes 

and macrophages (Calabrese and Rose-John, 2014). IL-6 is known as a pleiotropic 

cytokine as it is able to affect many different cell types. IL-6 induces mesangial 

cell proliferation, keratinocyte proliferation, osteoclast differentiation, 

upregulation of adhesion molecules, lipid metabolism, altered insulin sensitivity, 

angiogenesis and neuropsychiatric behaviours (Yoshida and Tanaka, 2014, 

Calabrese and Rose-John, 2014, Hunter and Jones, 2015).  

 

IL-6 is also known to affect multiple aspects of the immune system (Yoshida and 

Tanaka, 2014, Calabrese and Rose-John, 2014, Hunter and Jones, 2015). Th17 

cells promote inflammation and Tregs reduce inflammatory response. IL-6 is 

known to alter the ratio of Treg/Th17 balance, promoting the differentiation of 

naïve T cells into Th17 cells and preventing Treg differentiation (Calabrese and 

Rose-John, 2014). IL-6 therefore skews this balance to favour a more pro-

inflammatory state. IL-6 can also induce chemokine release from T cells, 
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recruiting more immune cells and further escalating the immune response 

(Calabrese and Rose-John, 2014, Hunter and Jones, 2015). IL-6 is also known to 

promote naive B cell differentiation into plasma B cells as well as promoting 

antibody release from plasma cells (Yoshida and Tanaka, 2014, Calabrese and 

Rose-John, 2014, Hunter and Jones, 2015). All of these roles of IL-6 within the 

immune system result in an escalated immune response (Yoshida and Tanaka, 

2014, Calabrese and Rose-John, 2014). 

 

There are two main signalling pathways for IL-6; classical signalling and IL-6 

trans-signalling. In classical IL-6 signalling, IL-6 binds to the membrane bound IL-

6 receptor (IL-6R) and to membrane bound glycoprotein 130 (gp130), which 

dimerises and induces downstream signalling via (signal transducer and 

activator of transcription) (STAT) and phosphatidylinositol-4,5-bisphosphate 3-

kinase (PI3K) pathways (Yokota, 2003). In IL-6 trans-signalling, IL-6 binds to the 

soluble IL-6R (sIL-6R). The sIL-6R is the product of the membrane bound IL-6R 

being cleaved by matrix metalloproteases (Yokota, 2003). The IL-6/sIL-6R 

complex then binds to membrane bound gp130, which dimerises and causes the 

same downstream processes as classical signalling (Yokota, 2003). There is also a 

soluble form of gp130 (sgp130) which acts as a negative regulator of trans IL-6 

signalling by binding to the IL-6/sIL-6R complex and preventing it binding to 

membrane bound gp130 (Yokota, 2003). 

 

Having given an overview of the innate and adaptive immune system, the next 

section will discuss juvenile idiopathic arthritis (JIA) in terms of clinical 

presentation, immunological dysfunction, treatment and long term outcomes. 

2.2 Juvenile Idiopathic Arthritis 

JIA is defined as arthritis of unknown aetiology that begins before the age of 16 

and persists for a minimum of six weeks (Petty et al., 2004). The prevalence of JIA 

is approximately 1 in 1000 children (Symmons et al., 1996). Although JIA by 

definition has no known cause, several genes, mainly HLA class I and II genes 

(HLA B27, HLA A2, HLA DRB1, HLA DP), have been identified that associate with 

increased susceptibility as well as a number of possible environmental factors 
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(including vaccination, infection, breastfeeding and maternal smoking) (Prakken 

et al., 2011, Ellis et al., 2010).  

2.2.1 Classification of JIA  

JIA is an umbrella term for a number of different arthropathies, each with their 

own symptoms and immunological defects. In the past, multiple classification 

systems were used both clinically and in research to identify different JIA 

subtypes. In order to clarify the classification of JIA subtypes, the International 

League of Associations for Rheumatology (ILAR) published a classification system 

for JIA for universal use to replace the several other classification systems 

previously being used. This was most recently updated in 2004 (Petty et al., 

2004). Table 2.1 describes the seven JIA subtypes of the 2004 ILAR classification 

system.  
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JIA category Prevalence of 

all JIA  

Definition Age of onset 

Systemic Arthritis 4-17% Arthritis in one or more joints with or preceded by fever (at least 2 weeks duration and daily for at 

least 3 days) plus one or more of: evanescent erythematous rash, hepatomegaly, splenomegaly, 

serositis, lymphadenopathy 

Childhood 

Oligoarthritis 27-56% Arthritis affecting 1-4 joints in the first 6 months of disease 

Persistent: affects no more than 4 joints throughout disease course 

Extended: affects more than 4 joints after the first 6 months 

Early childhood (peak at 

2-4 years) 

Polyarthritis 

(Rheumatoid factor 

negative) 

11-28% Arthritis affecting 5 or more joints in the first 6 months of disease with negative rheumatoid factor 

test 

Biphasic 

(first peak at 2-4 year and 

second peak at 6-12 

years) 

Polyarthritis 

(Rheumatoid 

Factor positive) 

2-7% Arthritis affecting 5 or more joints in the first 6 months of disease with positive rheumatoid factor (2 

tests at least 3 months apart) 

Late childhood and 

adolescence 

Psoriatic arthritis  2-11% Arthritis and psoriasis OR arthritis and 2 of: dactylitis, nail pitting or onycholysis, psoriasis in a 1st 

degree relative 

Biphasic 

(first peak at 2-4 year and 

second peak at 9-11 

years) 

Enthesitis related 

arthritis (ERA) 

3-11% Arthritis and enthesitis OR arthritis or enthesitis and 2 of the following (1) sacroiliac joint tenderness 

or (2) inflammatory lumbosacral pain, (3) HLA B27 positive, (4) onset of arthritis in a male over 6 

years old, (5) acute anterior uveitis, (6) history of HLA B27 associated disease in 1st degree relative 

Late childhood and 

adolescence 

Undifferentiated 

arthritis 

11-21% Arthritis that fulfils criteria in no specific category or fulfils criteria for more than 1 category  

Table 2.1 ILAR classifications of JIA and prevalence of each subtype. 

Adapted from (Fisher and Sen, 2012, Petty et al., 2004, Espinosa and Gottlieb, 2012, Ravelli and Martini, 2007). 
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2.2.2 Immune dysfunction in JIA 

The synovitis seen in JIA is immunologically very similar to adult rheumatoid 

arthritis (RA) (Ravelli and Martini, 2007). The synovial infiltrate contains T cells, B 

cells, macrophages and dendritic cells that that are associated with a Th1 and Th17 

type response (Ravelli and Martini, 2007). In the synovium, activated T cells tend 

to cluster around APCs forming germinal centre like structures (Ravelli and 

Martini, 2007, Gregorio et al., 2007, Prakken et al., 2011). APCs present self-

antigen to T cells with complementary TCRs, causing T activation and clonal 

expansion. T cells then bind to auto-antigen presented by MHC-class II on B cells. 

This activates the B cell and causes B cell clonal expansion and differentiation into 

plasma cells, which produce auto-antigen specific antibodies.   Examples of auto-

antibodies in JIA include rheumatoid factor (RF) and anti-nuclear antibodies (ANA) 

(van Rossum et al., 2003, Prakken et al., 2011).  

 

As well as humoral mechanisms, the inflammatory response in JIA also involves 

cell-mediated responses. In the synovial fluid of JIA patients, the homeostatic 

balance between Th1 and Th2 cytokines is skewed in favour of (predominantly) 

Th1 monocyte derived TNFα, IL-6, IL-1β and also T cell derived IFNγ and IL-17 

(Woo, 2002, Nistala and Wedderburn, 2009, Saxena et al., 2005). This pro-

inflammatory phenotype is accompanied by lower levels of immuno-regulatory 

cytokines IL-4 and IL-10 (Woo, 2002, Nistala and Wedderburn, 2009). In addition 

to this Th1/Th2 imbalance, the Th17/Treg balance in the synovial fluid of patients 

with active disease is also skewed in favour of a more pro-inflammatory Th17 

phenotype (Nistala and Wedderburn, 2009). Conversely, higher numbers of Tregs 

and increased Treg activation in patients with JIA has been found to associate with 

reduced disease severity (de Kleer et al., 2004). Bregs may also play a role in the 

defective self-tolerance seen in JIA. Mouse models have shown that depletion of IL-

10 producing B cells, termed B10 cells, in a methylated bovine serum albumin 

(mBSA) mouse model of arthritis results in severe joint damage and increased 

synovial infiltration of immune cells (Carter et al., 2011). Furthermore, patients 

with newly diagnosed RA have lower Breg levels than healthy controls. These 

lower Breg levels were associated with increased disease activity (through 

measurement of the DAS28 scores) (Ma et al., 2014). It is likely that similar 



 

 

35 

associations could be found for patients with JIA, particularly those with RF 

positive polyarticular JIA, which is most similar to adult RA. Overall, this sustained 

inflammatory activation causes pannus formation (thickening of the synovial 

tissue covering the cartilage), which in turn results in cartilage destruction and 

bone erosion (Ravelli and Martini, 2007).  

 

2.2.2.1 IL-6 and JIA 

Synovial IL-6 levels have been shown to strongly associate with disease activity in 

JIA patients (de Jager et al. 2007). As mentioned above, IL-6 promotes angiogenesis 

and upregulation of adhesion molecules, which promotes cellular infiltration at the 

joint and synovitis (Yoshida and Tanaka, 2014, Calabrese and Rose-John, 2014, 

Hunter and Jones, 2015). IL-6 also promotes osteoclast differentiation promoting 

bone resorption (Yoshida and Tanaka, 2014, Calabrese and Rose-John, 2014, 

Hunter and Jones, 2015). Furthermore,  IL-6 also escalates inflammation at the 

joint by inducing T helper cell proliferation and chemokine secretion, causing 

recruitment of more immune cells to the site of inflammation. IL-6 also promotes 

Th17 differentiation and prevents Treg differentiation, skewing the Th17/Treg 

balance towards a more pro-inflammatory state (Calabrese and Rose-John, 2014). 

B cells are also affected by IL-6. IL-6 promotes plasma B cells differentiation, 

therefore causing increased production of autoantibodies (Yoshida and Tanaka, 

2014, Calabrese and Rose-John, 2014, Hunter and Jones, 2015). IL-6 therefore 

affects many different aspects of JIA pathophysiology and is considered a driver of 

disease activity in JIA.  

 

It is not just IL-6 levels that are altered in JIA, but also levels of sIL-6R. Systemic JIA 

patients have been shown to have lower levels of unbound sIL-6R because their 

high levels of serum IL-6 result in more Il-6/sIL-6R complexes (Debenedetti et al., 

1994). Similarly, Peake et al. (2006) showed that the sIL-6Rs of JIA patients are 

mostly saturated with IL-6 (Peake et al., 2006). Further supporting the importance 

of the IL-6/sIL-6R complex in JIA, Nowell et al. (2003) showed that IL-6 trans-

signalling is mainly responsible for IL-6-associated arthritis in mouse models 

(Nowell et al., 2003). In an IL-6 knockout mouse, IL-6 administration induced joint 

swelling as expected (Nowell et al., 2003). To investigate whether this IL-6-
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induced arthritis could be attributed to classical or trans IL-6-signalling, sgp130 

was administered. sgp130 binds to and inhibits the IL-6/sIL-6R complex but does 

not affect classical IL-6 signalling. Administration of sgp130 abolished the IL-6-

induced joint swelling, proving that trans-signalling is mainly responsible for IL-6 

induced arthritis in this mouse model of arthritis (Nowell et al., 2003). 

2.2.3 Assessment of disease activity 

In order to record disease activity and symptoms for JIA patients, a number of 

different measures are commonly used. These include assessing number of joints 

deemed to be active or restricted on examination, serum biomarkers and using 

clinically validated questionnaires. The most commonly used disease activity 

measures for JIA patients in the UK are discussed below.  

 

Joint involvement is usually measured by a clinician counting the number of 

affected joints. The number of joints deemed by the assessor to be actively 

inflammed (active joint count), number of joints with limited movement (limited 

joint count) and number of swollen joints (swollen joint count) can be recorded. 

 

The physician visual analogue scale (VAS) (also referred to as the ‘physician global 

assessment’) is a physician’s rating of overall disease activity and health status 

measuring using a 0-10cm VAS. In a study of 160 JIA patients, associations 

between physician VAS scores and active joint count, pain VAS and patient VAS 

scores were explored for different ILAR categories (Miller et al., 2011). For 

patients with systemic JIA, physician VAS strongly (correlation coefficient >0.7) 

associated with active joint count and pain, indicating that these measures strongly 

influence the physician VAS score given (Miller et al., 2011). In contrast, for 

patients with ERA, the physician VAS was strongly associated with pain, but only 

moderately (correlation coefficient 0.4-0.70) associated with active joint count 

(Miller et al., 2011). This discrepancy may arise because the active joint count does 

not take into account spinal inflammation for ERA patients whereas it can be 

incorporated in the physician VAS score. This study therefore highlights how the 

appropriateness of disease activity measures varies across ILAR categories and the 

need for multiple outcome measures to be used.  
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The Childhood Health Assessment Questionnaire (CHAQ) is a measure of 

functional disability. It was originally adapted from the Stanford Health 

Assessment Questionnaire (HAQ) by Singh et al. (1994). The CHAQ assesses 

physical function in 8 areas; dressing and grooming, arising, eating, walking, 

hygiene, reach, grip and activities. The CHAQ was validated in72 JIA patients aged 

1-19 years (Singh et al., 1994).  

 

The face validity of the CHAQ was evaluated by health care professionals and 

discriminate validity was evaluated by parents of healthy children (Singh et al., 

1994). The CHAQ showed good construct validity with strong correlations 

between the CHAQ and Steinbroker functional class (Kendall’s Tau correlation 

coefficient 0.77) (Singh et al., 1994).   

 

The CHAQ also shows good reliability. The Cronbach’s alpha score was 0.94 and 

the test-retest correlation coefficient was 0.96 (Singh et al., 1994). Because of the 

large age range of the intended population (1-19 years), two versions of the CHAQ 

were developed; one for parents to complete and one for 8-19 year olds to self-

complete  There was a strong correlation  coefficient of 0.84 between parent 

completed and patient completed forms for 8-19 year olds (Singh et al., 1994).  

 

The CHAQ also includes two visual analogue scales; a pain VAS (0-10cm VAS 

assessing pain severity on the past week) and patient VAS (0-10cm VAS assessing 

overall disease activity) (Singh et al., 1994). However, the validity and reliability of 

these two visual analogue scales is not discussed in the paper by Singh et al. 

(1994).  

 

In a trial investigating methotrexate efficacy in 132 JIA patients, the 

responsiveness of various disease activity measures was assessed (Ruperto et al., 

1999). Physician VAS and parent VAS showed good responsiveness with large 

effect sizes. However, pain VAS showed poor responsiveness. Unfortunately 

patient VAS was not recorded (Ruperto et al., 1999). Despite the lack of evidence 

for the reliability and validity of the patient VAS and the pain VAS, both are 

commonly used tools for JIA patients both in the clinic and in research studies. 
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Serum biomarkers can also be used to assess disease activity. The erythrocyte 

sedimentation rate (ESR) and C-reactive protein (CRP) are two commonly used 

biomarkers for the assessment of disease activity in JIA patients (Consolarlo et al, 

2009, Giannini et al., 1997). However, these biomarkers of systemic inflammation 

have poor sensitivity and specificity as they can be affected by factors other than 

disease activity (e.g. infection, anaemia) (Duurland et al., 2014).  

 

The juvenile arthritis disease activity score (JADAS) is a composite disease activity 

score validated for use in JIA patients. This composite disease activity score is 

calculated as the sum of the physician VAS, patient VAS, active joint count and the 

ESR (converted to a 0-10 score) (Consolaro et al., 2009). When inter-correlations 

between these measures were explored, patient VAS, physician VAS and active 

joint count all showed low (correlation coefficient <0.4) to moderate associations 

with ESR (McErlane et al., 2013). Furthermore, ESR is not always measured at 

every clinical assessment which limits the usefulness of the full JADAS. Therefore, 

the JADAS3 was developed in 2013 (McErlane et al., 2013). This is a shorter 

version of the JADAS which excludes ESR. The JADAS3 has shown moderate to high 

(correlation coefficient 0.7) correlations with other disease activity measures and 

was found to be a better predictor of disease activity in JIA patients then the full 

JADAS (McErlane et al., 2013). However, when individual ILAR categories are 

considered, the JADAS3 does not accurately represent disease activity for all 

categories. For patients with ERA, the JADAS3 does not capture sacroiliac joints or 

axial inflammation and so caution needs to be taken if using the JADAS3 to record 

disease activity for these patients. 

 

2.2.4 Treatment options 

The primary treatment aim in JIA is to reduce inflammation. If only one joint is 

inflamed, an intra-articular steroid injection can be used to treat the inflammation 

locally (Espinosa and Gottlieb, 2012). If more than one joint is inflamed, disease 

modifying anti rheumatic drugs (DMARDs) are often used. The most common 

DMARD used for JIA is methotrexate, a folate antagonist that acts by inhibiting 

DNA, RNA and protein synthesis in proliferating immune cells (Lopez-Olivo et al., 
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2014, Espinosa and Gottlieb, 2012). As DMARDs are slow acting drugs, 

corticosteroids are sometimes used short term to reduce inflammation until 

DMARDs take effect (Hashkes and Laxer, 2005). However, the use of 

corticosteroids is minimised, particularly for young people. This is due to 

detrimental side effects, such as growth restrictions, caused by chronic use of high 

doses (Hashkes and Laxer, 2005).  

 

When patients are unresponsive to DMARDs, biologic treatments can be used. 

These treatments specifically target mediators of the inflammatory response that 

are elevated in JIA and associated with disease pathogenesis. The most commonly 

used biologics for JIA target the pro-inflammatroy cytokine TNFα. Etanercept, a 

soluble TNFα receptor, is the most commonly used biologic for JIA as it can be used 

for all subtypes and is National Institute for Heath and Care Excellence (NICE) 

approved (Espinosa and Gottlieb, 2012). Adalimumab and infliximab are also 

TNFα inhibition therapies and act as a monoclonal antibody against TNFα 

(Espinosa and Gottlieb, 2012). Tocilizumab is an anti-IL-6 receptor monoclonal 

antibody that is NICE approved for systemic and polyarticular JIA, anakinra is a 

competitive IL-1 receptor antagonist also used in systemic onset JIA (Ohlsson et al., 

2008), and rituximab is a monoclonal anti CD20 antibody, which causes B cell 

depletion and is used in adult RA patients (Espinosa and Gottlieb, 2012). The ACR 

have recommended rituximab treatment for RF positive polyarthritis patients with 

a history of arthritis of in five or more joints who have previously failed two TNFα 

inhibitors (Beukelman et al., 2011). Abatacept is a fusion protein of cytotoxic T-

lymphocyte-associated protein 4 (CTLA-4) and the Fc region of IgG1 (Beresford, 

2011). The CTLA-4 domain binds to CD80 and CD86 which inhibits T cell activation 

(Beresford, 2011). The effects of abatacept have been studied in a population of JIA 

patients (all subtypes) who have previously been treatment resistant to 

methotrexate and anti-TNF treatments (Ruperto et al., 2008). After four months of 

abatacept treatment, 65% of patients showed a 30% improvement in symptoms 

according to the American College of Rheumatology paediatric response criteria 

(Ruperto et al., 2008). Though biologics, notably TNFα inhibitors, have 

revolutionised the treatment of JIA, a significant number of patients still do not 

respond sufficiently, or require long term treatment and still cannot attain 
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treatment free remission. Responses can be variable and clearly more research 

needs to be done to understand individual differences in treatment 

responsiveness.  

2.2.5 Long-term Outcomes  

Minden et al. (2002) studied the long-term outcome of German children and 

adolescents with JIA. Patients were first assessed within 4 months of diagnosis and 

then at follow up 7 years later (average age 22). At follow up, 53% of patients were 

confirmed to be in remission (Minden et al., 2002). Of those still with active 

disease, most only had mild symptoms but still required regular medical care and 

hospital appointments (Minden et al., 2002). The most common systemic problem 

at follow up was uveitis in 14% of patients and 25% of patients had experienced 

growth restriction (Minden et al., 2002). Packham et al. (2002) conducted a 

retrospective study of 246 adult JIA patients (average age 35) with an average 

disease duration of 28 years. 43% of patients showed signs of clinically active 

disease, 42% had high levels of disability (Health Assessment Questionnaire score 

>1.5) and 33% had high levels of pain (pain visual analogue scale (0-100mm) over 

50) (Packham and Hall, 2002a, Packham et al., 2002).  Similarly, Foster et al. 

(1997) found that 39% of adults with JIA had active disease at the time of their 

study, and that patients had higher levels of pain and disability, particularly those 

with RF positive polyarthritis (Foster et al., 2003). Peterson et al. (1997) also 

studied long-term outcomes for adults with JIA and found that adult JIA patients 

had higher levels of pain, disability and fatigue when compared to age-matched 

healthy volunteers (Peterson et al., 1997). These studies therefore suggest that 

between 39-47% of JIA patients continue to experience active disease in adulthood 

as well as high levels of disability and pain.  

 

A nationwide Canadian study of adolescents (age 12-19) with rheumatic disease 

looked at the impact of the disease on daily life and wellbeing (Adam et al., 2005). 

Unsurprisingly, adolescents with a rheumatic disease had the burden of more 

hospital appointments and medical treatments than those without rheumatic 

disease (Adam et al., 2005). The study also found that adolescents with rheumatic 

disease experienced limitations across all areas of life in leisure, home and school 

activities (Adam et al., 2005). This population of JIA patients were also less likely 
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than their siblings to be in a long-term stable relationship and had lower rates of 

pregnancy (Packham and Hall, 2002b). Adding to these lifestyle limitations, 

Peterson et al. (1997) found that adult JIA patients also experience higher levels of 

social isolation than those without a long-term rheumatic disease (Peterson et al., 

1997).   

 

The educational achievement of JIA patients has been explored in several studies. 

In the Canadian study, adolescents with a rheumatic disease had lower rates of 

school enrolment when compared to both those with other chronic diseases and 

those without rheumatic disease (Adam et al., 2005). This is possibly due to the 

lifestyle limitations, pain, fatigue and disability described above. However, for 

those attending school, a JIA diagnosis did not affect educational attainment. 

Foster et al. (2003), Packham and Hall (2002a) and Peterson (1997) all found that 

JIA patients in the UK had similar levels of educational achievement to healthy age-

matched healthy volunteers (Foster et al., 2003). It is also important to consider 

that the Adam et al (2005) study was carried out in Canada and so is likely not 

representative of educational enrolment and attainment in a UK based JIA cohort 

as in the Foster et al. (2003) and Packham and Hall (2002a) studies. 

 

Foster et al. (2003) went on to study employment levels for adult JIA patients. 

Despite achieving comparable education levels as age-matched healthy volunteers, 

adult JIA patients had a three times higher unemployment rate than healthy 

volunteers (Foster et al., 2003). Similarly, Packham and Hall (2002a) found that 

their unemployment rate was twice that of UK general population, and both 

Minden et al (2002) and Peterson et al. (1997) found adult JIA patients to have 

higher rates of unemployment. This higher level of unemployment may be due to 

continued active disease, disability, pain and fatigue that these patients experience 

in adulthood. 

 

Packham et al. (2002) studied the psychological health of adult JIA patients.  5% of 

the adult JIA patients had high levels of depressive symptoms at the time of the 

study (Packham et al., 2002). In a normative population, 9% of women and 5% of 

men have been found to score over the cut off for the psychological questionnaire 
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used in the Packham et al. (2002) study (Crawford et al., 2001). Considering that 

72% of participants in the Packham et al. (2002) study were female, adult JIA 

patients had lower depressive symptoms than the normative population. 21% of 

adult JIA patients had previously experienced depressive symptoms in the past 

(Packham et al., 2002). This was most common in patients with an age of onset 

between 6 and 12 years (Packham et al., 2002). More long-term studies are needed 

to understand the prevalence of other psychological factors, such as anxiety and 

wellbeing, in adults with JIA.  

 

It is important to consider that Foster et al. (2003) found that JIA outcomes 

worsened with increasing age and disease duration. Participants of the Foster et al. 

(2003), Peterson et al. (1997) and Packham et al. (2002) studies had an average 

age of 30-35 and average disease duration of 21-28 years whereas in the study by 

Minden et al. (2002) the average age was 22 and average disease duration was just 

7 years. Longer disease durations may therefore account for the somewhat worse 

outcomes found in these studies. Another important factor to consider is that 

patients in the Foster et al. (2003), Peterson et al. (1997) and Packham et al. 

(2002) studies would have been diagnosed during the pre-biologic era at a time 

when there were much more limited treatment options. Children and adolescents 

diagnosed today are likely to have better long-term outcomes in terms of disease 

activity. Current observational cohort studies such as the Childhood Arthritis 

Prospective Study (CAPS) and the Biologics for Children with Rheumatic Diseases 

(BCRD) study may help to better define long-term outcomes in children with JIA in 

the post-biologic era.  

 

Having given an overview of JIA in terms of immunological dysfunction, clinical 

presentation, treatment and outcomes, the next section will describe adolescence 

in general with a focus on psychological health during this developmental period. 

The psychological health of patients with JIA will also be discussed. 

 

2.3 Adolescence and JIA 

Adolescence is recognised by the World Health Organisation (WHO) as “the period 

in human growth and development that occurs after childhood and before 
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adulthood, from ages 10 to 19” (World Health Organisation, 2014). During 

adolescence, the body undergoes huge physical changes that allow the body to 

become sexually mature. This is accompanied by psychological, social and 

behavioral changes. Adolescents develop an increased awareness of body image, 

sexual identity and self-esteem, as well as becoming increasingly independent 

from their parents and ultimately developing their own personal, social and sexual 

identity (Christie and Viner, 2005). 

 

During this time, there is a rapid development of cognitive processes such as 

decision making, working memory, self-awareness, theory of mind, perspective 

and abstract thinking (Blakemore and Choudhury, 2006). Adolescents are also 

more prone to risk taking behaviour as they are still developing the ability to 

understand the consequences of these actions (Christie and Viner, 2005). These 

psychosocial changes also fall alongside having to cope with changes in the family 

dynamic, high-pressure exams and making important future life decisions. 

 

2.3.1 Neurological changes during adolescence 

The prefrontal cortex (PFC) is responsible for behaviours associated with control; 

inhibitory self-control, forward planning and decision-making (Casey et al., 2008, 

Blakemore and Robbins, 2012, Blakemore and Choudhury, 2006). This area does 

not fully mature until young adulthood and during adolescence undergoes 

significant synaptic remodelling (Blakemore and Choudhury, 2006, Casey et al., 

2008). Magnetic resonance imaging (MRI) studies have shown that during 

childhood, there is an increase in grey matter in the PFC which peaks in early 

adolescence and then decreases throughout adolescence and into early adulthood 

(Blakemore and Robbins, 2012). This maturation process is described as ‘synaptic 

pruning’; strengthening important connections whilst ‘pruning away’ those that 

are not needed or used. 

 

The limbic system is involved with motivation, reward-seeking behaviours, 

impulsive behaviours and emotional reactivity (Casey et al., 2008, Blakemore and 

Robbins, 2012, Blakemore and Choudhury, 2006). In contrast to the PFC, the limbic 

system is almost fully developed by early adolescence (Casey et al., 2008).  
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Therefore, during adolescence, the limbic system is fully developed whereas the 

PFC is not (Mills et al., 2014). This is thought to result in a bias towards the 

reward-seeking, impulsive behaviours associated with the limbic system, with a 

distinct lack of the ‘control’ behaviours associated with the PFC (Figure 2.2) (Casey 

et al., 2008, Blakemore and Robbins, 2012, Blakemore and Choudhury, 2006, Mills 

et al., 2014). This developmental bias explains the behaviours typically seen during 

adolescence such as risk taking, poor decision making skills and the preference for 

immediate rewards rather than long-term gains (Casey et al., 2008, Blakemore and 

Robbins, 2012, Blakemore and Choudhury, 2006). Adolescents are also more 

sensitive to the reward system than adults, making them even more likely to take 

big risks to gain a reward (Blakemore and Robbins, 2012). Furthermore, the drive 

for independence from parents also contributes to the increased risk taking seen 

when adolescents are amongst peers compared to when alone (Blakemore and 

Robbins, 2012). A prospective study tracking both MRI and behavioural data in 

healthy individuals from childhood to adulthood is needed to confirm and better 

characterise these associations (Mils et al., 2014). 

 

 

Figure 2.2 Balance between development of the prefrontal cortex and limbic 

system in adolescence 

Taken from (Casey et al., 2008). 
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2.3.2 Stress  

Stress occurs when environmental circumstances or conditions have the capacity 

to threaten, challenge, exceed or harm the psychological or biological capacities of 

the individual. This is irrespective of whether the outcome is positive or negative 

(Compas, 2004). Stressors can be thought of objectively, identifying the occurrence 

of events or they can be thought of subjectively, where the event itself does not 

matter so much but the perceived stress of the situation by an individual is 

considered (Compas, 2004). 

 

2.3.2.1 Stress during adolescence 

Adolescence is often the first time individuals experience major stressful life 

events (such as exams, moving schools, arguments with family and friends) and 

often several of these can occur at the same time (Graber, 2004). The impact these 

stressful life events can have on an individual is mediated by resilience, subjective 

importance of the event to that individual, cognitive processing and coping 

mechanisms (Graber, 2004). In a study investigating psychological stress and 

mental health implications in adolescents, it was found that psychological stress 

was associated with a significant increase in incidence of depression, conduct 

disorder, binge drinking, smoking and marijuana use (Low et al., 2012). This 

relationship was found for all sources of stress investigated; interpersonal stress, 

personal stress (school, weight, health), family disruption and romantic breakup 

(Low et al., 2012). The authors suggest that these results reflect the fact that 

adolescents (especially younger adolescents) have an immature coping style 

compared to adults (Low et al., 2012). 

 

2.3.2.2 Stress and coping mechanisms 

Coping styles can be categorized as negative or positive. Negative coping styles 

include; self-medication, denial, self-blame, rumination, excessive working and 

social withdrawal. Positive coping styles include; problem solving, rethinking the 

event in a positive way, social support, humour, meditation and mindfulness, 

religion and exercise. Use of these positive coping mechanisms develops 

throughout adolescence (Compas, 2004). However, experiencing severe stress 
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during this period interferes with the capacity to use more complex positive 

coping skills (Compas, 2004). Therefore, adolescents who experience chronic 

stress are less able to develop these positive coping skills and are therefore less 

able to cope with future stressors (Compas, 2004). 

 

2.3.2.3 Stress and internalising disorders 

Stressful life events often precede the onset of depression (Graber, 2004). 

Therefore, the increased incidence of internalising disorders during adolescence 

can be at least partially attributed to increased stressful life events encountered 

during adolescence (Graber, 2004). 

 

Graber at al, (2004) carried out a review looking at the association between 

stressful life events and psychopathology in children and adolescents over time. Of 

60 studies reviewed, 53 studies found significant associations between the 

occurrence of a stressful life event and increases in future symptoms of 

psychopathology (Grant et al., 2004). This could be due to the adverse effects 

stressful life events have on the development of positive coping skills. The review 

also found that symptoms of psychopathology predict occurrence of future 

stressful life events (Grant et al., 2004). This latter relationship may be explained 

by the impact that mental health problems have on relationships between family 

and friends, on school and on extracurricular activities (Grant et al., 2004). The bi-

directionality of these relationships means that some adolescents become trapped 

in a cycle of psychopathology and stressful life events (Grant et al., 2004) 

 

The perceived controllability of events is also linked to depressive symptoms 

(Graber, 2004). Someone who experiences an uncontrollable life event is more 

likely to use negative rather than positive coping strategies (Spaccarelli, 1994, 

Grant et al., 2004). This may in turn increase the risk of developing internalising 

disorders (Graber, 2004). 
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2.3.2.4 Stress in adolescents with JIA 

The cause of JIA is still poorly understood but is thought to involve complex 

interactions between genetic predisposition and environmental factors, one of 

which is psychological stress (Ravelli and Martini, 2007). The occurrence of 

stressful life events has been linked to JIA onset. JIA patients were found to have 

experienced a significantly higher number of stressful life events before their first 

paediatric rheumatology appointment when compared to the stressful life events 

experienced in the same time period by healthy children (Neufeld et al., 2013). It 

has also been reported that JIA patients experience increased stressful life events 

throughout the course of their disease when compared to healthy volunteers 

(Mullick et al., 2005). Higher number of stressful life events were experienced by 

JIA patients with a co-morbid psychiatric disorder which in turn was found to 

negatively impact on the patients social relationships, education and leisure 

activities (Mullick et al., 2005). Interestingly, this study also found that the rate of 

psychiatric co-morbidity increased with disease duration, indicating a role of 

disease burden (Mullick et al., 2005). This study recruited JIA patients from 

Bangladesh, so, as with the Indian study above, it is important to keep in mind the 

considerable cultural differences when comparing this to a UK population. 

 

2.3.3 Adolescent psychopathology 

Adolescence is a period of increased incidence of psychopathology with 

approximately half of all psychiatric disorders starting between late adolescence 

and early adulthood (Kessler et al., 2007). Psychiatric disorders occurring in 

adolescence can predict future psychopathology in adulthood (Reef et al., 2010). 

It is therefore important to understand both psychiatric disorders and positive 

mental health occurring during adolescence with a view to preventing current and 

long-term psychiatric problems. The definition, symptoms, prevalence, incidence, 

risk factors and current best evidence base for treatment are given below for 

depression and anxiety.  
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2.3.3.1 Depressive episodes 

2.3.3.1.1 Definition and symptoms of a depressive episode 

The symptoms of a depressive episode include low mood (in adolescents this can 

present as irritable mood), fatigue, loss of interest and concentration, low self-

esteem, feelings of guilt and failure, changes in sleeping pattern, appetite and 

libido, agitation, weight loss and suicidal ideation (World Health Organisation, 

2016). The severity and number of symptoms experienced determines whether 

the depressive episode is classified as being mild, moderate or severe (World 

Health Organisation, 2016, American Psychiatric Association, 2013). 

 

2.3.3.1.2 Prevalence and incidence of depression during adolescence 

There is a 1.9% prevalence of depression for 13-15 year olds in the UK (Ford et al., 

2003) and a 2-4% incidence of depressive symptoms in 12-18 year olds (NICE, 

2005). Before adolescence, depression rates in boys and girls are similar. From age 

13, rates of depression increase for both boys and girls but the incidence of 

depression in girls becomes higher (Nolen-Hoeksema and Girgus, 1994). This 

gender difference becomes more pronounced throughout adolescence (Nolen-

Hoeksema and Girgus, 1994).  It has been proposed that risk factors for depression 

are more common in girls than boys even before puberty and then in early 

adolescence girls experience more challenges than boys (e.g. school achievement, 

romantic relationships) resulting in a higher depression rate (Nolen-Hoeksema 

and Girgus, 1994). In a sample of 100 adolescents aged 14 to 16, 13% of girls, 

compared to 3% of boys, met the American Diagnostic and Statistical Manual of 

Mental Disorders III (DSM-III) criteria for depression (Kashani et al., 1987). 

 

2.3.3.1.3 Risk factors 

Risk factors for depression include; neuroticism, stressful life events, negative 

childhood experiences, a first degree relative having depression and chronic illness 

(American Psychiatric Association, 2013). There is also a 40% heritability 

associated with depression (American Psychiatric Association, 2013). Depression 

is also commonly found to be co-morbid with anxiety; 25-50% of adolescents with 

depression also experience anxiety (Garber and Weersing, 2010). Furthermore, 
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development of depression in adolescents is often preceded by childhood anxiety 

(Graber, 2004). 

 

2.3.3.1.4 Treatment 

NICE provides guidelines for the treatment of young people and adolescents with 

depression in the UK. Those with mild depressive symptoms should be offered 

interventions through Child and Adolescent Mental Health Services (CAMHS) such 

as cognitive behavioural therapy (CBT), guided self-help and non-directive 

supportive therapy (NICE, 2005). Non-directive supportive therapy involves a 

therapist listening and supporting the patient without giving advice or their own 

interpretation, allowing the patient to come to terms with their problems 

themselves 

 

If this is not effective, further CBT, interpersonal therapy (short term therapy 

focussed on recent events and their impact on depressive symptoms), family 

therapy and psychodynamic psychotherapy (helping the patient understand the 

unconscious reasons behind their symptoms) should be offered (NICE, 2005). If 

the young person is still unresponsive, the interventional therapy should be 

combined with drug therapy (NICE, 2005). For adolescents, fluoxetine should be 

the first line of pharmacological treatment (NICE, 2005). If the patient is 

unresponsive, the second line of treatment should be citalopram or sertraline 

(NICE, 2005). Fluoxetine, citalopram and sertraline are all selective serotonin 

reuptake inhibitors (SSRIs). SSRI’s act by blocking reuptake of serotonin (5-HT) by 

the 5-HT transporter on the presynaptic membrane (Stahl, 1998). This results in a 

higher levels of serotonin in the synaptic cleft and increased post-synaptic 

serotonin signalling (Stahl, 1998). In children and adolescents, fluoxetine is the 

only SSRI that is known to have a favourable benefit to risk ratio, although this is 

complicated by the fact that very few trials have been published looking at 

sertraline and citalopram in a specifically adolescent population (Whittington et 

al., 2004). 
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2.3.3.2 Anxiety 

2.3.3.2.1 Definition 

Anxiety is defined as uncontrollable worry and apprehensive expectation about 

events/activities that is disproportionate to the realistic threat (American 

Psychiatric Association, 2013). Generalised anxiety disorder (GAD) refers to 

generalized and persistent anxiety unrelated to environmental circumstance 

(World Health Organisation, 2016). Other anxiety disorders include; phobic 

anxiety disorders, panic disorder, obsessive compulsive disorder, post-traumatic 

stress disorder and adjustment disorder (World Health Organisation, 2016). 

2.3.3.2.2 Symptoms 

Symptoms of GAD include; constant nervousness, muscle tension (including 

muscle twitching, feeling shaky, muscle aching), sweating, light-headedness, 

increased heart rate, and epigastric problems (World Health Organisation, 2016). 

For adolescents, worry is usually concerned with school and sports performance 

(American Psychiatric Association, 2013). 

 

2.3.3.2.3 Prevalence and incidence of anxiety disorder during adolescence 

In the UK, 5% of 13-15 year olds have been diagnosed with an anxiety disorder 

(Ford et al., 2003). Females are twice as likely as males to have an anxiety disorder 

and those of a European ethnic background are also more likely to have an anxiety 

disorder (American Psychiatric Association, 2013). 

 

2.3.3.2.4 Risk factors 

Risk factors for GAD include; neuroticism, parental over protection, and negative 

childhood experiences (American Psychiatric Association, 2013). One third of the 

risk can be attributed to genetics (American Psychiatric Association, 2013). 10-

15% of adolescents with anxiety also experience depression (Garber and 

Weersing, 2010). 

 



 

 

51 

2.3.3.2.5 Treatment 

Treatment for adolescents with GAD is not specified by NICE. However, guidelines 

for young people with social anxiety are provided and recommend group or 

individual CBT sessions. Clinical trials have repeatedly shown that CBT is an 

effective intervention for adolescents with anxiety (Cartwright-Hatton et al., 2004). 

Drug treatment is not routinely offered for young people with social anxiety (NICE, 

2013). In a clinical trial, children and adolescents with GAD were treated with 

either placebo, CBT alone, sertraline alone or CBT and sertraline (Walkup et al., 

2008). CBT alone and sertraline alone significantly improved symptoms of anxiety 

in 60% and 55% of patients respectively, compared to 24% of patients with 

placebo (Walkup et al., 2008). CBT combined with sertraline treatment improved 

symptoms of anxiety in 81% of patients, indicating that this could be a useful 

treatment option for adolescents with GAD in the future (Walkup et al., 2008). 

NICE suggests that adults with GAD attend psycho-educational groups and try 

guided self-help with the support of a trained practitioner (NICE, 2011). If no 

improvement is seen, CBT or applied relaxation is suggested. If improvement is 

still not seen, combinations of drug treatment and psychological interventions are 

used (NICE, 2011).  

 

2.3.3.3 Psychological health of adolescents with JIA 

For adolescents with a chronic disease, the rapid physical, social and psychological 

changes experienced normally during adolescence fall along-side learning to 

manage a chronic disease and making the transition from paediatric to adult care 

(Christie and Viner, 2005). With these added stressors it is unsurprising that 1 in 3 

adolescents with a chronic disease are likely to experience mental health problems 

(Blackman et al., 2013). Specific aspects of life with a chronic disease have been 

shown to affect this risk including prognosis, number of days with restricted 

activity, presence of comorbidities and symptom predictability (Ireys et al., 1994). 

Furthermore, this relationship was found to be mediated by whether the young 

person believed that their chronic disease impacted on their mental health (Ireys 

et al., 1994). There have been very few studies investigating the mental health of 

JIA patients specifically during adolescence with most studies looking at a mixed 
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population of children and young adolescents. Below, the existing literature in this 

area is discussed, with a focus on adolescence.  

 

2.3.3.3.1 Major depression in adolescents with JIA 

A nationwide Canadian study found that adolescents (age 12-19) with a rheumatic 

disease had a significantly higher incidence of depression (19%) than adolescents 

without any sort of rheumatic disease (5%) (Adam et al., 2005). Another study 

found 23% of 5-16 year olds with JIA scored over the cut off for major depressive 

disorder (MDD) in the Children’s Depression Inventory (CDI) compared to 8% of 

healthy volunteers (Bomba et al., 2013). Interestingly, in a long-term outcome 

study of adult patients with JIA, the current level of depression was found to be 

lower than rates previously found in the general population (Packham et al., 2002). 

However, 21% of patients had previously experienced depression, most commonly 

first occurring in late teenage years or early twenties, which is consistent with the 

highest rates of incidence in the general population. However, it is important to 

bear in mind that this study was retrospective in nature and so recall bias, or 

conversely failure to recall past events, may affect results. The study by Packham 

et al. (2002) also found that patients with an age of onset between six and twelve 

years old were more likely to experience depression later in life. This is thought to 

be at least partially due to impairments in developing positive coping strategies 

and also due to the sense of loss of identity and self confidence that may not 

necessarily be experienced by a child with very early onset JIA (Packham et al., 

2002). 

 

2.3.3.3.2 Anxiety in adolescents with JIA 

In a study by Bomba et al. (2013), 53% of JIA patients scored over the cut off for 

anxiety for the Self Administrated Psychiatric Scales for Children and Adolescents 

– Anxiety (SAFA-A) compared to 10% of healthy volunteers (Bomba et al., 2013).  

In a long term outcomes study by Packham et al., adult JIA patients were found to 

have significantly higher rates of anxiety than has been previously reported in the 

general population (Packham et al., 2002). Patients with adolescent onset JIA had 

an increased risk of developing a future anxiety disorder when compared to other 
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age of onset groups (Packham et al., 2002). As discussed above, this may be 

partially attributed to impaired coping skills and a sense of self loss (Packham et 

al., 2002). 

 

2.3.4 Wellbeing 

In contrast to depression and anxiety disorders, positive mental health is defined 

by the WHO as “a state of wellbeing in which every individual realizes his or her 

own potential, can cope with the normal stresses of life, can work productively and 

fruitfully, and is able to make a contribution to her or his community” (World 

Health Organisation, 2014). Mental wellbeing is not just an absence of mental 

health problems but also includes positive aspects of mental health. Mental 

wellbeing involves both hedonic and eudaimonic wellbeing. Hedonic wellbeing 

involves subjective happiness as well as balancing positive and negative emotions 

(Ryan and Deci, 2001, Keyes, 2013). Eudaimonic wellbeing involves self-realisation 

(realising the full potential of your abilities and talents and the satisfaction that 

comes from knowing our own potential), self-acceptance, positive relations with 

others, sense of purpose, personal growth and psychological functioning (Ryan and 

Deci, 2001, Keyes, 2013). Other related factors include a good quality of life, 

resilience, positive coping mechanisms and an absence of psychopathology (Keyes, 

2013). 

 

A focus group of young adults identified the main aspects of emotional wellbeing 

as having; stability, positive coping mechanisms, happiness, confidence, life 

balance, empathy, feeling grounded, feeling comfortable with yourself, managing 

emotions, confidence in persevering with challenges, feelings as though you 

belong, feeling valued in the community and having support from family, friends 

and the school (Coverdale and Long, 2015). 

 

2.3.4.1 Wellbeing of adolescents with JIA 

Very few studies have looked at mental wellbeing in JIA patients, yet alone 

adolescents with JIA. In a study of 32 children with JIA, patients were found to have 

significantly lower Patient Generated Index (PGI) General Wellbeing Measure 
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scores than healthy volunteers, indicating that JIA patients have a poorer sense of 

mental wellbeing (Yadav and Yadav, 2013). This study was in an Indian population 

of JIA patients and so considering cultural differences as well as the fact that 

internalising disorders are more common in Western society, it may be possible 

that even greater differences are seen in a UK JIA population. Other studies looking 

at mental wellbeing and JIA have focussed on an absence of psychiatric distress 

rather than measuring positive aspects of mental health, as is the true definition of 

mental wellbeing.  

2.3.5 Resilience 

2.3.5.1 Definition 

Luthar and Cicchetti et al, (2000) describe resilience as “a dynamic process 

wherein individuals display positive adaptation despite experiences of significant 

adversity or trauma”. This adversity, trauma or stressful life event is referred to as 

‘risk’. Resilience is not a characteristic of an individual; it is the mechanism of a 

positive outcome in the presence of risk (Luthar and Cicchetti, 2000, Compas, 

2004). This is achieved using positive coping mechanisms (Compas, 2004). 

Resilience is associated with positive mental wellbeing, not just an absence of 

psychopathology. Resilience can therefore not be measured by an absence of 

symptoms of mental health problems but should also include an assessment of 

mental wellbeing (Compas, 2004). 

 

2.3.5.2 Risk vulnerability and protective factors 

Vulnerability factors worsen the negative implications of the risk. For example, 

adolescents with a low IQ are more likely to have negative risk outcomes (Grant et 

al., 2004). Protective factors improve the negative implications of the risk or 

further improve the positive implications of the risk. For example, having a 

positive relationship with an adult is associated with more positive risk outcomes 

(Grant et al., 2004). 
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2.3.5.3 Resilience and adolescence 

Resilience develops during adolescence. This is because an increased number of 

life events are experienced, meaning that there are more challenges to overcome 

(Compas, 2004).  Alongside this, cognitive changes also occur as well as 

development of positive or negative coping styles (Compas, 2004). Behaviours 

associated with negative outcomes in the presence of risk during adolescence 

include smoking, drinking, drug use, unprotected sex, and the occurrence of 

stressful life events (Compas, 2004). Furthermore, poor resilience and negative 

coping strategies can lead to mental health problems for some adolescents. 

 

2.3.5.4 Resilience of adolescents with JIA 

As of yet, there have been no studies looking at the role of resilience for patients 

with JIA and similarly there have been very few studies looking at resilience in 

other chronic childhood diseases. However, systematic reviews on resilience and 

chronic disease all agree that developing resilience is key to successfully adapting 

to the challenges living with a chronic disease brings (Turkel and Pao, 2007, Payot 

and Barrington, 2011, Stewart and Yuen, 2011). Resilience factors that have been 

identified as being necessary for those living with a chronic disease include self-

care, adherence to treatment, health related quality of life, illness perception, pain 

perception and regular exercise (Stewart and Yuen, 2011). 

 

Having discussed psychological health during adolescence and the psychological 

health of JIA patients, the next section will discuss how psychological health can be 

measured for research purposes. The development process, validation and 

reliability testing of such tools will also be discussed.  

 

2.4 The development, validity and reliability of psychological 

questionnaires as measures of psychological health 

In epidemiological studies researchers are faced with a number of possible options 

of how to measure and record mental health. These options include a one-to-one 

clinical assessment with a psychologist, conducting a semi-structured qualitative 

interview, conducting a fully structured quantitative interview or administration 
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of a psychological questionnaire. Most large population epidemiological studies 

choose to use a psychological questionnaire. One-to-one interviews are costly and 

labour intensive with regards to both conducting the interviews and interpreting 

results, especially for studies with a large population. However, psychological 

questionnaires are quicker to administer and score, meaning less of a time burden 

on researchers and participants, as well as giving a clear quantitative score which 

is ideal for large scale statistical analysis.  

 

When deciding on a psychological questionnaire to use, it is essential to select a 

questionnaire that has been suitably developed and validated and that has proven 

reliability for both the intended test population and the particular psychological 

trait being tested (also known as the content domain or construct). It is therefore 

important to understand the processes that lie behind developing a questionnaire 

and determining validity and reliability.  

  

2.4.1 Item generation  

If a researcher wants to develop their own psychological questionnaire, the first 

task is to create a large pool of questions (also known as items) from which the 

final questionnaire items will be selected. These items should cover as many 

different aspects of the intended domain as possible. This item pool can be 

generated by consulting with experts in that field, with the target population, by 

pulling questions from existing questionnaires which assess the same domain and 

by reviewing the relevant literature (Rattray and Jones, 2007).  

 

2.4.2 Item selection methods 

Once a large item pool has been generated, the researcher must then ensure that 

the most relevant and suitable items are kept whilst removing redundant or 

repetitive items. Item selection aims to reduce measurement error, identify biased 

items and improve reliability. The two most common item selection methods are 

classical test theory (CTT) and item response theory (IRT). 
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2.4.2.1 Classical test theory 

CTT states that the observed score is the sum of the true score plus measurement 

error (Coaley, 2009). This theory proposes that having more items reduces the 

amount of error in the test and improves the reliability of the total test score 

(Urbina, 2014). CTT aims to reduce error for the overall test score, not for 

individual items (Urbina, 2014). CTT is often the preferred method due to its 

simplicity. However, it results in longer questionnaires, all items are given equal 

weighting and by using CTT it is not possible to distinguish between error 

introduced by the test itself and error introduced by the population tested (Urbina, 

2014, Cohen et al., 2013). 

 

2.4.2.2 Item response theory 

IRT is an umbrella term for a family of methods that aim to select for fewer, more 

informative items whilst excluding any sources of error (Urbina, 2014, Cohen et al., 

2013). This method focuses on individual item scores rather than the total 

questionnaire score (Urbina, 2014). Furthermore, items can be given different 

weightings, unlike when using CTT (Cohen et al., 2013). This method, although 

much more complex, is a lot more precise and statistically robust than CTT 

(Coaley, 2009). By selecting for items that are more appropriate for the intended 

population, smaller more representative population samples can be used than in 

CTT (Urbina, 2014). IRT ensures that any error introduced is due to the test itself 

and not attributable to the sample population tested (Urbina, 2014).  

 

2.4.3 Reliability 

A reliable questionnaire is consistent, precise and has low measurement error 

(Loewenthal, 2001, Urbina, 2014). Reliability is measured by looking at the 

strength of the association between two scores using a correlation coefficient. 

(Urbina, 2014). There are several types of reliability tests that should be carried 

out when developing a questionnaire to ensure that it gives consistent and reliable 

results. These reliability tests, discussed below, should be carefully examined by 

potential users when deciding which questionnaire to use. 

 



 

 

58 

2.4.3.1 Internal consistency 

Internal consistency looks at the associations between individual items within the 

same test. A higher correlation coefficient indicates that the items give similar 

scores and therefore should be measuring the same construct (Loewenthal, 2001, 

Cohen et al., 2013). The correlation coefficient used when assessing the internal 

consistency is the Cronbach’s alpha score (Cronbach, 1951). The Cronbach’s alpha 

should be at least 0.7 for a reliable test and ideally 0.8 or greater (Loewenthal, 

2001). It is important to remember that high correlation coefficients can only tell 

us if the items appear to measure the same construct (reliability), not what the 

construct is (validity). 

 

2.4.3.2 Item total correlations 

The item-total correlation looks at the association between the score of an 

individual item compared to the total test score (Loewenthal, 2001). Usually, the 

score from the item in question is removed from the total test score to avoid 

skewing the results. The item total correlation shows how representative the score 

from an individual item is of the total score (Loewenthal, 2001). Low correlation 

coefficients indicate that the item may not be assessing the same construct as the 

rest of the test and therefore needs to be removed (Loewenthal, 2001).  

 

2.4.3.3 Test-retest reliability 

Test-retest reliability is assessed by giving the same test to the same individual on 

different days (Loewenthal, 2001). Highly correlated scores indicate a reliable 

measure. Although this is a very useful measure for trait-associated characteristics, 

this is not appropriate for state-associated characteristics that would be expected 

to change from day to day (Urbina, 2014). The time between tests should also be 

considered. If there is a short time interval, the respondents may remember their 

answers from last time. If a longer time period is chosen, it is more likely that 

external life events may have occurred which will alter an individual’s response 

(Urbina, 2014). 
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2.4.3.4 Alternate forms and parallel forms reliability  

Parallel forms reliability is assessed by developing two versions of a test. These 

two versions should have the same mean score, same amount of variance in scores 

and should measure the same domain (Cohen et al., 2013). Alternate forms 

reliability can also be used.  Alternate forms uses two tests that measure the same 

construct and have similar content but do not necessarily have the same means 

and variances (Cohen et al., 2013). This type of reliability assessment can be used 

in place of test-retest reliability to reduce error associated with memory (Cohen et 

al., 2013). 

 

2.4.3.5 Split half reliability 

To assess split half reliability, the test items are randomly split into two groups. 

The total test score of each group is then correlated. A high correlation coefficient 

indicates that the items in each half are measuring the same construct 

(Loewenthal, 2001). This type of reliability assessment is becoming less common 

due to the emergence of more sophisticated reliability measures and use of 

computer statistical packages (Urbina, 2014). However, it is preferred over 

parallel forms reliability as the respondents only have to complete one 

questionnaire (Cohen et al., 2013).  

 

2.4.3.6 Sources of error 

Poor reliability can often be attributed to measurement error, so it is important to 

reduce any sources of error when developing and using the questionnaire (Urbina, 

2014). Sampling error can be introduced by testing the questionnaire in a sample 

population that is not truly representative of the total population. Error can also 

arise from individuals trying to appease the researcher or give the ‘correct 

answer’, unclear questions, questionnaires that are not formatted in a user-

friendly way, questionnaire fatigue if the questionnaire is too long, disruptive 

testing conditions and errors made when scoring the questionnaire. For children 

and adolescents, there is also the added problem of parents completing the 

questionnaire on their child’s behalf. Children and adolescents should therefore be 
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encouraged to complete questionnaires on their own, without any influence or 

input from their parents.  

 

2.4.4 Validity 

Test validation ensures that the test is measuring the intended construct. A test 

must be reliable for it to be valid. It is important to remember that validity can only 

be proven for the specific population it is developed for; a test cannot be proven to 

be universally valid for all possible populations or users (Cohen et al., 2013). 

Multiple types of test validation must be carried out. 

 

2.4.4.1 Content Validity 

Content validity is whether the items are measuring the intended 

construct/domain. This can be assessed by asking experts in the field to form a 

focus group and rate how relevant the items are (Loewenthal, 2001). Another 

method would be to ask representatives from the intended population to form a 

focus group and rate the items. These results from these two focus groups can then 

be cross-referenced. 

 

2.4.4.2 Criterion Validity 

Criterion validity assesses whether the test score changes depending on different 

categories such as age, sex and ethnicity. There are two types of criterion validity. 

  

2.4.4.2.1 Predictive Validity 

If a test has predictive validity, it can predict future performance in a certain area 

(Loewenthal, 2001). This is more relevant to intelligence and aptitude tests rather 

than measures of mood and psychological wellbeing. Incremental validity can be 

used to include multiple predictors that each add extra information to predicting 

the criterion (Cohen et al., 2013). This can be done using multiple regression 

methods (Cohen et al., 2013). 
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2.4.4.2.2 Concurrent Validity 

If a test has concurrent validity, it compares well to other questionnaires carried 

out by the same person at the same time that measure the same domain 

(Loewenthal, 2001). Ideally, these other measures should be the current ‘gold 

standard’ for testing that domain.  

 

2.4.4.3 Construct Validity 

Construct validity assesses whether the test relates to other factors as would be 

expected from theory behind the test. Construct validity can be assessed by 

examining both convergent and divergent validity. 

 

2.4.4.3.1 Convergent Validity 

Convergent validity assesses whether the test relates to factors that theoretically 

should be related to the test score (Loewenthal, 2001). Multiple and varied factors 

should be considered, not just scores from other questionnaires (Coaley, 2009).  

 

2.4.4.3.2 Divergent Validity 

Divergent validity (also called discriminative validity) checks that the test does not 

relate to factors that theoretically should not be related to the test score 

(Loewenthal, 2001). 

 

2.4.4.4 Face Validity 

If items appear to the test user to be measuring what they are actually intended to 

measure, then the test has face validity. This type of validity is not so important to 

confirm but a lack of face validity may make users more cautious about taking the 

test and untrusting of the test results (Cohen et al., 2013). 

 

2.4.4.5 Factor And Principal Components Analysis 

Both factor and principal components analysis explore relationships between 

items and can identify groups of similar items (Loewenthal, 2001). This can 
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identify if there are any subscales within the test (Loewenthal, 2001).  If subscales 

are found, this can explain low internal consistency (Loewenthal, 2001).  

 

Previous sections have discussed the psychological health of JIA patients and how 

psychological health can be measured for research purposes and immune 

dysregulation in JIA. The next section will discuss the relationship between 

psychological health and systemic inflammation. 

 

2.5 The association between psychological health and systemic 

inflammation  

In recent years there has been mounting evidence for associations between 

increased systemic inflammation during times of psychological distress. The next 

section will discuss this association in both community samples and in those with a 

diagnosed psychological disorder.   

 

2.5.1 Psychological stress and inflammation  

There have been many studies investigating the associations between 

psychological stress and increased pro-inflammatory cytokine production in 

adults. Maes et al. (1998) and Paik et al. (2000) have both investigated leukocyte 

pro-inflammatory cytokine production for students during times of university 

examination. Maes et al. (1998) studied LPS and phytohaemagglutinin (PHA)-

stimulated whole blood samples before and during the examination period. During 

the examination period, stress levels were higher and stimulated pro-

inflammatory cytokine (IFNγ, TNFα, IL-6, IL-10 and IL-1-Ra) levels were higher 

(Maes et al., 1998). Similarly, Paik et al. (2000) compared stress levels and PHA-

stimulated peripheral blood mononuclear cell (PBMC) cytokine production during 

and after the examination period. During the examination period, both stress 

levels and IL-6, IL-1β, and IL-10 production (but not TNFα) were higher than after 

the examination period (Paik et al., 2000). Similarly, Cohen et al. (2012) found that 

those who had recently experienced chronic stress had increased IL-1β, TNF-α, 

and IL-6 in nasal lavage after rhinovirus exposure compared to those without 

chronic stress (Cohen et al., 2012). This relationship has also been explored in 
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caregivers of spouses with dementia compared to non-caregivers (Kiecolt-Glaser 

et al., 2003). Caregivers had higher levels of perceived stress and loneliness when 

compared to non-caregivers, but there was no difference in depressive symptoms 

(Kiecolt-Glaser et al., 2003). There was no difference in plasma IL-6 levels between 

caregivers and non-caregivers at baseline (Kiecolt-Glaser et al., 2003). This was 

then explored longitudinally. Plasma IL-6 levels are known to naturally increase 

with age, and this age-related increase was seen in both caregivers and non-

caregivers over the 6 years of this study (average age 70 years) (Wei et al., 1992). 

However, caregivers showed a four-fold higher rate of increase in plasma IL-6 over 

time when compared to non-caregivers (Kiecolt-Glaser et al., 2003).  

 

2.5.1.1 Psychological stress and inflammation in adolescents 

Far fewer studies have explored stress-related inflammation in adolescents. Miller 

et al. (2009) studied the effect of chronic interpersonal stress (stress relating to 

romantic relationships, friends, and family) on pro-inflammatory cytokine 

production in adolescent girls (age 15-19 years). There was no cross sectional 

association between interpersonal stress and LPS-induced IL-6 in whole blood 

(Miller et al., 2009). However, when longitudinal associations were explored, those 

who had experienced higher levels of interpersonal stress showed an increased 

LPS-induced IL-6 response six months later when compared to those with lower 

levels of interpersonal stress (Miller et al., 2009).  

  

2.5.2 Depression and inflammation 

The inflammatory theory of depression states that depression can be driven by 

peripheral inflammation (Smith, 1991). Since this theory was first proposed, the 

relationship between depression and increased levels of circulating pro-

inflammatory cytokines has been well characterised in adults. In a meta-analysis of 

24 studies investigating the serum cytokine levels of MDD patients compared to 

healthy volunteers, IL-6 and TNFα was significantly higher in MDD patients 

(Dowlati et al., 2010). Results for IL-1β, IL-2, IL-4, IFNγ, IL-8 and IL-10 did not 

reach statistical significance but far fewer studies investigated these cytokines 

making it more difficult to detect associations (Dowlati et al., 2010).  
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The association between depressive symptoms and inflammatory cytokines has 

also been explored in large normative populations (healthy individuals not 

diagnosed with a depressive disorder). The Whitehall study II investigated the 

association between IL-6, C reactive protein (CRP) (a biomarker for inflammation) 

and depressive symptoms over a 12 year period for a large cohort of 6895 civil 

servants (Gimeno et al., 2009). Serum CRP and IL-6 was found to predict 

depressive symptoms 12 years later. However, depression did not predict future 

IL-6 or CRP levels (Gimeno et al., 2009). Adding to this body of evidence, high IL-6 

and CRP has been shown to predict future persistent depressive symptoms (Zalli 

et al., 2016). This indicates that inflammation can predict a more severe form of 

reoccurring future depression (Zalli et al., 2016). 

2.5.2.1 Depression and inflammation in adolescents 

The association between depression and inflammation is less clearly defined for 

adolescents. Three studies found that adolescents with major depression have 

increased IFNγ, IL-6, IL-2 and IL-1β (Gabbay et al., 2009, Blom et al., 2012, Pallavi 

et al., 2015). However, Blom et al. (2012) included patients with depression 

and/or anxiety and so one is unable to distinguish whether the elevated pro-

inflammatory cytokine signal can be attributed to depression or anxiety. Brambilla 

et al., (2004) found no differences, although this study may have been 

underpowered as only 22 patients with major depression were included 

(Brambilla et al., 2004). Correlations between symptoms of depression and 

cytokine levels were explored in MDD patients in all of these studies. Whereas in 

the adult literature there is a clear association between increased depressive 

symptoms and increased pro-inflammatory cytokine levels, the results for 

adolescents are much more varied; depression associated with a pro-inflammatory 

profile in some studies but an anti-inflammatory profile in others. Blom et al. 

(2012) found that depression/anxiety associated with increased IL-6 and IFNγ but 

only in those patients treated with SSRIs. Brambilla et al. (2004) found depressive 

symptoms to associate with increased IL-1β, also pro-inflammatory, but 

interestingly also found depressive symptoms to associate with decreased TNFα. 

This finding is unexpected; both TNFα and IL-1β are downstream of NFκβ and so 

usually follow similar expression profiles i.e. both are upregulated or both are 
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downregulated. The reason for this discrepancy in the expression profile is 

unclear. Pallavi et al. (2015) found that depressive symptoms associated with 

lower levels of TGFβ (an anti-inflammatory cytokine) and Gabbay et al. (2009) 

found no associations between depressive symptoms and pro-inflammatory 

cytokine levels. In order to better understand the association between depression 

and inflammation in an adolescent population of MDD patients, more studies are 

needed with much larger sample sizes and a psychological questionnaire 

measuring a depression only (not depression/anxiety). Furthermore, longitudinal 

studies will enable the directionality of this association to be examined. 

 

In non-clinical populations of adolescents, again there have been mixed results. In 

a study of 1,535 adolescents (13 to 16 year olds), Chaiton et al. (2010) found no 

cross-sectional association between CRP and depressive symptoms (Chaiton et al., 

2010). Longitudinal studies in normative populations have found associations 

between depression and inflammation. Two studies found that a higher the 

number of previous depressive episodes predicted future CRP in adolescents 

(Copeland et al., 2012a, Duivis et al., 2015).  However, CRP did not predict future 

depressive symptoms (Copeland et al., 2012a). Duivis et al. (2015) found no cross 

sectional relationships and Copeland et al. (2012) did not report any cross 

sectional analysis. We are not aware of any studies that have investigated the 

association between depressive symptoms and pro-inflammatory cytokines in 

either cross-sectional or longitudinal analyses in a healthy adolescent population. 

 

Childhood adversity and maltreatment has been shown to influence the 

relationship between depression and inflammation (Miller and Cole, 2012, Danese 

et al., 2008). Miller and Cole (2012) found that for adolescents who had 

experienced childhood adversity (measured here by parental separation, low 

socio-economic status and family history of psychopathology), depressive 

symptoms associated with higher IL-6 and CRP levels (Miller and Cole, 2012). This 

relationship between depression and inflammation was not seen for adolescents 

who had not experienced childhood adversity (Miller and Cole, 2012). Similarly, 

Danese et al. (2008) found that for adults who had experienced childhood 

maltreatment (measured as maternal rejection, disruptive changes in caregiver, 
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harsh discipline, physical abuse and sexual abuse), depression was associated with 

higher CRP levels. However, in those with no history of childhood maltreatment, 

there was no association between CRP and depressive symptoms (Danese et al., 

2008). Miller and Cole (2012) also explored these associations longitudinally. For 

adolescents who had exerienced childhood adversity, depressive symptoms 

predicted higher CRP six months later (Miller and Cole, 2012). In addition, serum 

IL-6 was found to predict higher depressive symptoms six months later (Miller and 

Cole, 2012). The results from these studies indicate that depression and 

inflammation may only be associated in those with heightened childhood risk 

factors for depression.  

 

Overall the association between depression and inflammation for adolescents 

warrants further investigation and is under-studied when compared to the amount 

of literature in adult populations. Both cross-sectional and longitudinal studies 

including both CRP and pro-inflammatory cytokine measures require further 

investigation.  

 

2.5.3 Anxiety and inflammation 

In contrast to the number of published studies exploring the association between 

depression and inflammation, very few studies have been published showing 

associations between anxiety and inflammation. Of the few published studies, 

results are variable. In a large cohort of both healthy adults and those with a 

diagnosed anxiety disorder, Vogelzangs et al., (2013) found that CRP associated 

with symptoms of anxiety in men but not in women. When this was further 

explored, the elevated CRP could be attributed to the mechanism of action of 

tricyclic and tetracyclic anti-depressant use (Vogelzangs et al., 2013). This could 

either be because those taking these medications have higher levels of anxiety, 

which is directly associated with increased inflammation, or the increased 

inflammation could be due to the mechanism of action of the anti-depressants. 

There were no associations between anxiety and IL-6 or TNFα (Vogelzangs et al., 

2013). In contrast, O’Donovan et al. (2010) found that adults with an anxiety 

disorder had higher IL-6 than healthy volunteers (O'Donovan et al., 2010) and 

similarly, Pitsavos et al. (2006) found an association between anxiety, CRP, IL-6 
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and TNFα (the latter in men only) in a random community sample of adults 

(Pitsavos et al., 2006).  

 

2.5.3.1 Anxiety and inflammation in adolescents 

The association between anxiety and inflammation has not been fully 

characterised in adolescent populations. In a large cohort of 9-19 year olds 

recruited from the general population, no associations were found between 

anxiety and CRP in either cross-sectional or longitudinal analyses (Copeland et al., 

2012b). Pallavi et al. (2015) compared the association between anxiety and 

inflammation a group of healthy adolescents and a group of adolescents with MDD 

(Pallavi et al., 2015). In adolescents with MDD, both state and trait anxiety was 

associated with lower levels of serum IL-17 and TGF-β1 and additionally in 

females, increased IL-10 and IL-1β (Pallavi et al., 2015). However, the results of 

this study are complicated by the fact that depression is a confounding variable; 

depression is also known to associate with increased inflammation and shares 

some common symptoms with anxiety. This study did not control for this and so it 

is unclear whether the increased inflammation seen in patients is due symptoms of 

anxiety, depression or both.  

 

Further studies are needed to fully establish whether there is an association 

between anxiety and inflammation for adults or adolescents. This relationship 

should be studied in both community samples and cohorts of patients with a 

diagnosed anxiety disorder. Larger sample sizes are required to appropriately 

control for or exclude patients with co-morbid depressive disorder and 

longitudinal studies could give an indication of the directionality of this 

relationship if it exists. 

 

2.5.4 Positive mental health and inflammation 

Resilience and wellbeing have been shown to have protective effects against 

stress-induced inflammation. In a study of healthy adults, eudaimonic wellbeing 

was found to be associated with lowered expression of pro-inflammatory genes 

whereas there were no associations with hedonic wellbeing (Fredrickson et al., 
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2015). Similarly, Friedman and Ryff (2012) found that in older adults with co-

morbidities including auto-immune disease, cardiovascular disease and cancer, 

eudaimonic wellbeing was associated with lower levels of CRP and IL-6 (Friedman 

and Ryff, 2012). A study investigating the effect of meditation on inflammation 

found that healthy adults who regularly meditate reported higher levels of 

wellbeing and resilience. When these individuals undertook the Trier Stress Test, 

they showed lower inflammatory flare and wheal responses to capsaicin 

application to forearm skin (Rosenkranz et al., 2016). Additionally, interventions 

aiming to improve resilience have been shown to alter inflammatory markers. 

Schoen et al., (2013) have shown that regularly listening to a hypnosis CD for 3 

months increases resilience and lowers serum IL-6 level (Schoen and Nowack, 

2013). Similarly, a group drumming intervention has been shown to improve 

resilience and wellbeing (Fancourt et al., 2016). Although this did not alter salivary 

TNFα levels, IL-4 levels were shown to increase (Fancourt et al., 2016). Overall, the 

protective effect of positive mental wellbeing on inflammation has been far less 

studied than the associations between depression, stress and inflammation. No 

studies have yet explored these relationships in a purely adolescent population or 

in those with JIA.  

 

The association between psychological distress and inflammation may explain why 

patients with inflammatory diseases, such as JIA and RA, report experiences 

consistent with more severe disease during periods of psychological distress. The 

next section will therefore discuss the association between psychological health 

and inflammatory disease. 

 

 

2.6 Clinical evidence for psychological distress associated exacerbation of 

inflammatory disease as relevant to the pathogenesis of JIA 

In recent years there has been increasing evidence for exacerbation of 

inflammatory disease during times of psychological distress. Few studies have 

explored these associations for patients with JIA yet alone focussed on the 

adolescent population. Therefore, the results from studies exploring this 

association for both JIA patients and adults with RA are discussed below. 
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2.6.1 Depression and inflammatory disease 

There have been several studies that have explored the relationship between 

disease activity and depression in JIA patients (Hoff et al., 2006, Tarakci et al., 

2011, Ding et al., 2008, Margetic et al., 2005). The strongest and most consistent 

relationships found have been between depression and disability. Ding et al. 

(2008) and Tarakci et al. (2011) both found correlations between depression and 

disability for JIA patients (Ding et al., 2008, Tarakci et al., 2011) and Hoff et al. 

(2006) found depression to predict disability 6 and 12 months later, but only when 

initial levels of disability were low (Hoff et al., 2006). There have been mixed 

results regarding pain and depression in JIA patients. Margetic et al (2005) found 

depression to associate concurrently with pain and Hoff et al. (2011) found 

depression to predict pain 6 and 12 months later, but only for those who had low 

initial levels of pain (Hoff et al., 2006). However, Ding et al. (2008) found no 

association between pain and depressive symptoms in their cross sectional 

analysis. Depression has also been shown to associate with increased physician 

global assessment of disease activity (Tarakci et al., 2011). No studies have yet 

found an association between active joint count and depression (Tarakci et al., 

2011, Ding et al., 2008) meaning that existing studies in JIA patients have found 

associations between depression and subjective measures of disease status but not 

objective measures of active inflammation. These existing studies have some 

limitations. Firstly, they all explore mixed child and adolescent populations. 

Separate studies in children and adolescents should be conducted due to the 

differences in the incidence of depression in these two age groups as well as 

differences in study design; for studies in adolescents self-reported measures can 

be used whereas in children, the parent report on child measures of depression 

and disease activity are more appropriate. This is further complicated by 

discordance in parent and patient self-reported scores (Lal et al., 2011, Klaus et al., 

2009). Furthermore, none of these studies correct for confounding variables (such 

as age, gender, JIA category) and most were cross sectional in nature meaning that 

the directionality of these relationships cannot be explored.  
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The relationship between disease flares and depression is better characterised in 

RA. Many studies have found depressive symptoms to be strongly associated with 

concurrent pain and disability in adults with RA (Crotty et al., 1994, Sharpe et al., 

2001, Smedstad et al., 1997, Matcham et al., 2016b, Evers et al., 1997). This 

relationship has also been shown to exist longitudinally. Depressive symptoms 

shortly after disease onset have been shown to associate with future worsened 

pain and disability (Sharpe et al., 2001, Crotty et al., 1994). Sharpe et al. (2001) 

also found that disability and pain can also predict future depressive symptoms. 

These results indicate that the relationships between depression, pain and 

disability may be bi-directional for RA patients. 

 

Results regarding associations between depression and active inflammation in RA 

are mixed. In a cross sectional analysis, Cabrera-Marroquin et al. (2014) found that 

for patients with RA, worse depressive symptoms associated with a concurrent 

higher number of swollen joints and a higher patient general VAS. However, other 

studies in RA have not found these associations (Evers et al., 1997, Smedstad et al., 

1997, Ding et al., 2008). Matcham et al. (2016) found that depressive symptoms 

predicted future tender tender joints and higher patient general evaluation scores 

in RA patients but did not predict more objective measures of inflammation 

(swollen joint count and ESR) (Matcham et al., 2016a). Further work in larger 

populations with longitudinal data collection is required to confirm these findings 

and to further explore the directionality of these relationships. 

Interestingly, depression and anxiety have been shown to predict a poorer 

response to treatment in a clinical trial of patients with RA. Data from four 

treatment interventions were pooled; methotrexate alone, methotrexate with 

prednisolone, methotrexate with ciclosporin, and methotrexate with both 

cliclosporin and prednisolone (Matcham et al., 2016b). Those with higher 

depression and anxiety scores at the start of the trial had more tender joints and 

higher patient general evaluation scores at the end of the trial compared to those 

with low depression and anxiety scores, indicating a poorer response to treatment 

(Matcham et al., 2016b). 
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2.6.2 Psychological stress and inflammatory disease 

Adults with RA have identified psychological stress as being the most common 

cause of disease flares and the absence of psychological stress as the second most 

common cause of disease remission (Affleck et al., 1987). Those patients who 

identified psychological stress as a cause of disease flares generally had worse 

disease activity and worse disability than those who did not find stress to cause 

flares of disease (Affleck et al., 1987). Several studies have investigated the 

association between psychological stress and disease activity for RA patients. In 

women with RA, increased interpersonal stress has been shown to associate with a 

higher clinicians global rating of disease activity, and the occurrence of many small 

life events have been found to be associated with increased joint tenderness 

(Zautra et al., 1998, Potter and Zautra, 1997). More positive marital interactions 

were shown to act as a buffer to this (Zautra et al., 1998). In contrast, major life 

events (family death, divorce, serious illness) have been found to be associated 

with improved disease activity and in some cases even disease remission for 

patients with RA, although this is extremely rare (Potter and Zautra, 1997). 

Interestingly, during these periods of improved disease activity, small stressors 

still appeared to cause small alterations and worsening of disease activity (Potter 

and Zautra, 1997).  

 

2.6.3 Anxiety and inflammatory disease 

Many of the studies exploring depression and disease activity in JIA patients also 

explored associations with anxiety. No associations between anxiety and active 

joint count, pain, or physician global assessment were found (Ding et al., 2008, 

Tarakci et al., 2011, Margetic et al., 2005). However, there have been mixed results 

for disability associating with anxiety. Ding et al. (2008) did find an association 

between anxiety and disability whereas Tarakci et al. (2011) did not (Ding et al., 

2008, Tarakci et al., 2011). These studies were all conducted in mixed child and 

adolescent populations and so the relationship between anxiety and inflammation 

in a purely adolescent population of JIA patients remains unknown. 

 

In RA, far fewer studies have explored the association between anxiety and disease 

activity than have explored depression and psychological stress in relation to 
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disease activity. Matcham et al. (2016) found that anxiety predicted future tender 

joints and higher patient general evaluation scores in RA patients but did not 

predict more objective measures of inflammation (swollen joint count and ESR) 

(Matcham et al., 2016a). There is  a noticable paucity of studies reporting 

associations between anxiety and disease activity in RA, especially considering the 

number of studies published regarding depression and psychological stress. Given 

this, and the negative findings of papers regarding anxiety and disease activity in 

JIA, it is possible that this lack of information is due to publication bias with 

negative data not being published. 

 

2.6.4 Positive mental health and inflammatory disease 

No studies have previously explored mental wellbeing, resilience and disease 

activity in JIA patients. In one study of RA patients, wellbeing was found to 

associate with fewer swollen and tender joint counts (Bartlett et al., 2003). In 

another study of wellbeing in RA patients, only one specific domain of the 

wellbeing scale associated with disease activity. Increased environmental mastery 

(an individual’s ability to manage everyday life) was found to associate with lower 

disability (Mangelli et al., 2002). Other domains in the wellbeing scale (autonomy, 

personal growth, positive relationships, purpose in life and self-acceptance) did 

not associate with the Rheumatoid Arthritis Disease Activity Index (RADAI) (a 

composite disease activity score), pain or disability (Mangelli et al., 2002).  These 

results indicate the positive aspects of mental wellbeing may serve to protect 

against the negative effect of psychological distress on symptoms of arthritis. 

Further work is needed to validate and fully characterise these associations in both 

RA and JIA patients. 

 

Having discussed the relationship between psychological health, systemic 

inflammation and worsened inflammatory disease, the next section will discuss the 

cellular and molecular mechanisms that may be driving this increased 

inflammation during times of psychological distress.  
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2.7 Mechanisms of psychological distress induced inflammation 

Several mechanisms have been shown to contribute to increased inflammation 

during times of psychological distress. These mechanisms include sympathetic and 

hypothalamic activation during a stress response, changes in glucocorticoid 

sensitivity, changes to leukocyte subsets and inflammasome activation. Results 

from studies exploring these mechanisms in models of both depression and stress 

show markedly similar results and so studies in both stress and depression are 

discussed below. 

 

2.7.1 The stress response and sympathetic nervous system 

The stress response is known to activate the sympathetic nervous system and 

induce pro-inflammatory cytokine release. This highly conserved physiological 

response to psychological stressors may go some way in explaining increased 

inflammation during times of psychological distress.  

 

2.7.1.1 Evolutionary importance of the stress-response 

In evolutionary terms, the stress response provides protection against both 

predators and pathogens. In the face of an environmental threat, such as a 

predator, the sympathetic nervous system is activated, inducing norepinephrine 

release. Norepinephrine acts via the β–adrenergic receptor to increase alertness, 

attention, aggression, heart rate, respiration rate, and blood flow to the heart brain 

and muscles (Chrousos, 2009, Slavich and Irwin, 2014). These physiological 

changes prepare the subject to either fight the predator or run away, and so are 

collectively called the ‘fight or flight’ response.  

 

Since such an environmental threat is likely to result in the subject being wounded, 

norepinephrine also activates inflammatory pathways to protect the subject 

against pathogen invasion. Norepinephrine mobilises immune cells (primarily 

neutrophils, monocytes and B cells) into the blood stream and to the skin 

(Dhabhar et al., 2012). Norepinephrine also increases IL-6, TNFα and IL-1 

production (Slavich and Irwin, 2014). These immunological changes serve to 
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promote wound healing and protect the subject from pathogen exposure (Dhabhar 

et al., 2012).  

 

Environmental threats also activate the hypothalamic pituitary adrenal (HPA) axis 

resulting in cortisol release several minutes after the initial norepinephrine 

response (Slavich and Irwin, 2014). This cortisol flux inhibits production of pro-

inflammatory cytokines to prevent excessive inflammation as well as sending a 

negative feedback signal back to the hypothalamus to stop further cortisol release 

(Slavich and Irwin, 2014, Glaser and Kiecolt-Glaser, 2005). 

 

For patients with RA this homeostatic mechanism is disrupted. Upon HPA axis 

stimulation with exercise, RA patients show a smaller increase in serum cortisol 

levels than healthy controls (Pool et al. 2004). This reduced HPA-reactivity in 

response to exercise and mental tasks has also been reported for patients with 

systemic lupus erythematosus and sarcoidosis (Pool et al., 2004, Dekkers et al., 

2001). These studies all reported that patients showed no difference in basal 

cortisol levels to healthy controls (Pool et al., 2004, Dekkers et al., 2001). In 

contrast, Straub et al. (2002) found that baseline serum cortisol levels were higher 

in recent-onset RA than in healthy adults. Furthermore, serum IL-6 and TNFα 

levels were also higher in RA patients and when the ratio of IL-6 and TNFα to 

cortisol was compared, there was a lower level of cortisol relative to pro-

inflammatory cytokines in RA patients than in healthy controls (Straub et al., 

2002). Despite the mixed reports regarding baseline cortisol levels, these studies 

all suggest that RA patients show a reduced cortisol response to HPA axis 

activation.  

 

There is only one study that has compared cortisol levels in JIA patients and 

healthy volunteers. Bilginer et al. (2010) compared the morning serum cortisol 

and 24-hour urinary cortisol levels of 21 JIA patients with active disease, to 10 

healthy volunteers. 10 JIA patients were also assessed during a period of 

remission. JIA patients with active disease had significantly lower morning serum 

cortisol levels than healthy volunteers (Bilginer et al., 2010). There were no 

differences in cortisol levels between JIA patients in remission and healthy 
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volunteers (Bilginer et al., 2010). However, this is just one study of only 21 JIA 

patients and only 10 healthy controls. Furthermore, JIA patients were of mixed JIA 

categories and so the effect of JIA category could not be appropriately controlled 

for. HPA axis activity in JIA patients therefore requires further study with adequate 

patient numbers to control for age, JIA category, serum cytokine levels and other 

confounding factors.  

 

 

2.7.1.2 Sickness behaviour 

Another way in which pro-inflammatory cytokines protect against pathogen 

invasion during the stress response is through sickness behaviour. Sickness 

behaviour is characterised as decreased physical activity, decreased social 

interaction, depressed mood, irritability, decreased food intake, fever and HPA axis 

activation (Dantzer, 2009). These behaviours result in energy conservation for the 

purpose of fighting pathogens (Dantzer, 2009).  

 

Animal models have shown how both central and peripheral pro-inflammatory 

cytokines can induce sickness behaviour. Yirmiya et al. (1996) first showed that 

LPS administration to rats caused decreased sugar consumption, sexual behaviour, 

body weight, food consumption, locomotor activity and social behaviours. 

Lenczowski et al. (1999) attempted to delineate which cytokines were responsible 

for these behavioural changes. Centrally administered IL-6 induced HPA activation 

and fever in rats. However, behavioural changes were only seen when IL-6 was 

administered with IL-1β (Lenczowski et al., 1999). These cytokine-induced 

behaviour changes were centrally mediated. Peripheral administration of LPS 

induced sickness behaviour in mice and also upregulated IL-1β expression in the 

hypothalamus (Laye et al., 2000). These behavioural and genetic changes were 

reduced by central administration of IL-1β antagonist (peripheral administration 

of the antagonist was not investigated) (Laye et al., 2000). 

 

These studies highlight how even peripheral inflammation can induce central 

inflammation and sickness behaviour. An intact blood brain barrier does not allow 

cytokines through and so several other mechanisms have been proposed to explain 
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how peripheral inflammation can cause central inflammation. Proposed 

explanations include; cytokines diffusing through blood brain barrier deficient 

areas, cytokines migrating across via endothelial cell transporters, cytokines 

activating endothelial cells to release factors (e.g. prostaglandin E2) that then 

activate microglia and astrocytes to produce cytokines and peripheral cytokines 

activating afferent nerves to induce central cytokine production (Kubera et al., 

2011). 

 

2.7.1.2.1 Depression and sickness behaviour 

The similarities between symptoms of depression and sickness behaviour are 

striking. Decreased physical activity, decreased social interaction, depressed mood 

and irritability are all symptoms common to both sickness behaviour and major 

depression. This observation has contributed to the inflammatory theory of 

depression, discussed below.  

 

Sickness behaviour may go some way in explaining why depression has not been 

lost in natural selection. Evolution has favoured the over-responsiveness of the 

acute stress response so that even a perceived threat can induce cytokine 

responses and sickness behaviour (Nesse, 2001). In years gone by, this over-

responsiveness has ensured survival. However, in modern times this over-

responsiveness remains, meaning that modern-day perceived threats such as 

psychosocial stressors also induce cytokine production and therefore symptoms of 

sickness behaviour and depression.   

 

2.7.2 Glucocorticoid resistance 

Considering that stress is traditionally thought to induce cortisol release, and 

considering the anti-inflammatory properties of cortisol, it seems counter-intuitive 

that stress can result in worsened inflammation. However, it has now been shown 

in several studies that during chronic stress, average daily cortisol levels are not 

significantly different to non-stressed groups but diurnal slopes are flatter (Cole et 

al., 2007, Miller et al., 2002). Some studies have even reported that these 

individuals actually have lower plasma cortisol during times of chronic stress 
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(Seedat et al., 2003, Vedhara et al., 2002). In the past, research into stress 

associated inflammation focused on cortisol release and the HPA axis. However, 

more recent research now shows that it is becoming less likely that the effects of 

stress are directly due to cortisol release and more likely that they are due to the 

local tissue cortisol sensitivity (Cole, 2008) 

 

2.7.3 Glucocorticoid receptor signalling 

Cortisol acts by diffusing into the cell and binding to either the mineralocorticoid 

receptor or the glucocorticoid receptor. The mineralocorticoid receptor has a very 

high affinity for cortisol and under normal conditions is saturated (Anacker et al., 

2011). The glucocorticoid receptor has a much lower affinity for cortisol and 

therefore only binds cortisol when cortisol levels are significantly higher (Anacker 

et al., 2011). Cortisol diffuses into the cell to bind to cytoplasmic glucocorticoid 

receptors. Upon binding to cortisol, the glucocorticoid receptor forms a 

homodimer with another glucocorticoid receptor and translocates to the nucleus 

(Anacker et al., 2011). Within the nucleus, the homodimer and cortisol complex 

binds to both CREB-binding protein (CBP) and the transcription factor NFκβ 

(Anacker et al., 2011). This prevents transcription of genes regulated by NFκβ such 

as the pro-inflammatory cytokines IL-6, TNFα and IL-1β (Anacker et al., 2011). 

 

The glucocorticoid receptor is encoded by the NR3C1 gene. This gene can be 

alternatively spliced to give an α or β glucocorticoid receptor isotype (GRα and 

GRβ respectively)(Webster et al., 2001). GRα is the active form of the receptor; 

GRα binds to cortisol and forms a homodimer with another GRα to prevent pro-

inflammatory cytokine production as described above (Webster et al., 2001). GRβ 

is a negative repressor of the dominant α isotype (Webster et al., 2001). The exact 

mechanism of this repression is still not known but GRβ does not bind any known 

ligands and is mainly found in the nucleus (Webster et al., 2001). 

 

2.7.4 Glucocorticoid sensitivity in depression and psychological stress 

Patients with major depression are known to have a lowered sensitivity to cortisol 

in both in vivo and ex vivo tests. The dexamethasone suppression test is an in vivo 
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test of glucocorticoid sensitivity. Dexamethasone is a synthetic analogue of cortisol 

and so dexamethasone negatively feeds back to the HPA axis and inhibits cortisol 

release. The dexamethasone suppression test assesses the degree to which an 

individual is sensitive to this negative feedback mechanism. Hence, if an individual 

is glucocorticoid responsive, cortisol levels will be low after dexamethasone 

administration. However, if an individual is glucocorticoid resistant, cortisol 

output will not be lowered. For patients with depression, cortisol levels do not 

lower in response to dexamethasone administration, indicating that the patient 

has a reduced sensitivity to glucocorticoids (Carroll et al., 1981). The 

dexamethasone suppression test has a sensitivity of 67% and a specificity of 96% 

for identifying patients with MDD (Carroll et al., 1981). A reduced sensitivity to 

dexamethasone, or glucocorticoid resistance, can also be seen ex vivo in the PBMCs 

from patients with depression (Lowy et al., 1988, Wodarz et al., 1991). PBMCs 

from patients with and without depression were stimulated with PHA alone or 

PHA with dexamethasone and PBMC proliferation was assessed (Wodarz et al., 

1991).  Patients with depression showed a smaller reduction in PHA-induced 

proliferation with dexamethasone than healthy volunteers, indicating a reduced 

glucocorticoid sensitivity (Wodarz et al., 1991). Ex vivo glucocorticoid sensitivity 

can also be measured by LPS-induced pro-inflammatory cytokine production. 

Again, patients with depression show a lower sensitivity to glucocorticoids in this 

test (Bauer et al., 2003).  

 

The association between glucocorticoid sensitivity and stress has also been 

explored. Cohen et al. (2012) showed that subjects experiencing chronic stress 

were more susceptible to viral infection and were less sensitive to glucocorticoids 

in the ex vivo glucocorticoid sensitivity assay (Cohen et al., 2012). Reduced 

glucocorticoid sensitivity and chronic stress were also associated with increased 

IL-1β, TNF-α, and IL-6 levels in nasal lavage (Cohen et al., 2012). These results 

further support the theory that reduced glucocorticoid sensitivity contributes to 

increased inflammation during times of stress and low mood. 

 

This relationship between psychological distress, increased inflammatory 

cytokines and glucocorticoid resistance is further supported in a number of studies 
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both in human and animal models. In Rhesus Macaques, chronic social stress 

results in resistance to cellular redistribution induced by endogenous cortisol 

(Cole et al., 2009). Wirtz et al. (2003) studied glucocorticoid resistance in vitally 

exhausted industrial workers, a condition that involves chronic psychological 

stress but also extreme fatigue and irritability. Monocytes were stimulated with 

LPS and then IL-6 glucocorticoid resistance was assessed (Wirtz et al., 2003). 

Exhausted workers had the same magnitude of IL-6 response to LPS than non-

exhausted workers but exhausted workers had reduced sensitivity to 

glucocorticoids (Wirtz et al., 2003). Similarly, a study of parents caring for children 

with cancer showed that these individuals experiencing chronic stress had a 

lowered glucocorticoid sensitivity (Miller et al., 2002). Low amounts of practical 

support, but not emotional support, were shown to act as a buffer to glucocorticoid 

resistance in this cohort (Miller et al., 2002). Miller has also studied inflammation 

and glucocorticoid sensitivity in caregivers of a family member with brain cancer 

(Miller et al., 2014). These carers were found to experience higher levels of 

perceived stress and worse depressive symptoms than non-carers (Miller et al., 

2014). Carers were found to have upregulation of pro-inflammatory cytokine 

genes and genes with NFκβ response elements in monocytes. Leukocytes from 

carers also showed lower glucocorticoid sensitivity, contributing to the increased 

inflammatory phenotype (Miller et al., 2014).  

 

2.7.4.1 Mechanisms of glucocorticoid resistance 

There are several mechanisms by which cells may become resistant to 

glucocorticoids during times of psychological distress. These mechanisms will be 

discussed below and include macrophage and monocyte dependent glucocorticoid 

resistance, changes to glucocorticoid receptor isotypes and altered nuclear 

translocation of the receptor. 

 

2.7.4.1.1 Role of macrophages and monocytes in glucocorticoid resistance 

Smith (1991) first proposed the macrophage theory of depression. This theory 

states that depression can be driven by IL-1 in the periphery, which is released 

primarily by macrophages (Smith, 1991). Furthermore, Smith (1991) proposes 
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that the 3:1 female to male ratio of depressive disorder (similar to that of 

autoimmune gender splits) is due to oestrogen activating monocytes and inducing 

IL-1 release (Smith, 1991). 

 

Since this theory was first proposed, many studies have shown depression to be 

associated with increased inflammation and that monocytes are the main 

producers of these pro-inflammatory cytokines. Miller et al. (2014) showed that 

carers of sufferers with brain cancer have unregulated expression of pro-

inflammatory cytokines and genes with NFκβ response elements in monocytes 

(Miller et al., 2014).  

 

Macrophages have also been shown to be responsible for stress-induced 

glucocorticoid resistance (Engler et al., 2008, Stark et al., 2001, Quan et al., 2003). 

Splenic macrophages from mice exposed to social stress have been shown to 

reduce glucocorticoid sensitivity when compared to non-stressed control groups 

(Stark et al., 2001, Engler et al., 2008). When macrophages were removed from 

culture, glucocorticoid sensitivity returned, indicating that macrophages are the 

main cell type responsible for stress induced glucocorticoid resistance (Stark et al., 

2001). Engler et al. (2003) found that IL-1 knockout mice failed to develop 

glucocorticoid resistance in splenic macrophages in response to social stress 

(Engler et al., 2008). However, the mechanisms behind this IL-1 mediated 

glucocorticoid resistance in macrophages remains unclear. 

 

Monocytes from patients with MDD have also been shown to have a lowered 

GRα/β ratio (Carvalho et al., 2014). This is discussed in more detail below. 

 

2.7.4.1.2  Glucocorticoid receptor alpha and beta 

One hypothesis explaining the mechanism of glucocorticoid resistance is that the 

ratio of GRα/β is lowered during times of psychological stress or low mood 

(Franchimont et al., 1999). MDD patients are known to have lower levels of GRα 

(the active form of the GR) in monocytes compared to healthy volunteers, which 

strongly associates with increased expression of pro-inflammatory cytokine genes 

in monocytes (Carvalho et al., 2014). GRβ was found to be no different between 
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MDD patients and healthy volunteers (Carvalho et al., 2014). Matsubara et al. 

(2006) also found that MDD patients had lower levels of GRα in PBMCs but found 

no difference in GRβ levels (Matsubara et al., 2006).  

Stress has also been shown to alter the GRα/β ratio. In a study of healthy 

adolescent girls, chronic interpersonal stress was shown to predict increased LPS-

induced IL-6 production from leukocytes and increased NFκβ expression six 

months later, indicating an increased pro-inflammatory phenotype (Miller et al., 

2009). GRβ expression was also increased six months later although there were no 

changes in GRα expression (Miller et al., 2009). This lowered ratio of GRα/β may 

explain the increased inflammation for those experiencing chronic stress. It is 

unclear why some studies find changes in GRα expression whereas other studies 

find changes to GRβ. One explanation may be the different psychological factors 

explored; Carvalho et al. (2014) and Matsubara et al. (2006) both studied MDD 

patients and found changes to GRα whereas Miller et al. (2009) studies chronic 

stress and found changes in GRβ. Another explanation may be the differences in 

age groups. Carvalho et al. (2014) and Matsubara et al. (2006) both studied adult 

populations whereas Miller at al. (2009) studied adolescents. What is consistent 

between these studies though is the lowered ratio of GRα/β ultimately 

contributing to increased inflammation.  

 

2.7.4.1.2.1 Cytokine regulation of glucocorticoid receptor alpha and beta 

Cytokines have been shown to alter the GRα/β ratio, with pro-inflammatory 

cytokines lowering the ratio and anti-inflammatory cytokines increasing the ratio 

of GRα/β (Franchimont et al., 1999). Pretreatment of human monocytes with TNFα 

caused a 60% decrease in GRα expression and decreased glucocorticoid sensitivity 

(Franchimont et al., 1999). Pretreatment of human monocytes with IL-10 caused a 

50% increase GRα expression and increased glucocorticoid sensitivity 

(Franchimont et al., 1999).  

 

Webster et al. (2001) also explored cytokine regulation of the glucocorticoid 

receptor. Pre-treatment of HeLa cells with TNFα caused a 2-fold increase in GRβ 

mRNA but just a 1.5-fold increase in GRα, lowering the GRα/β ratio. TNFα pre-

treatment also lowered glucocorticoid sensitivity. A TNFα responsive NFκβ DNA 
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binding site was also found. Under normal conditions NFκβ represses GRα. 

Webster et al. (2001) found that TNFα induced NFκβ expression, which may 

contribute to the lower relative expression of GRα. 

 

The effect of pro-inflammatory cytokines on GRα and GRβ expression specifically 

during times of psychological stress and low mood warrants investigation. Results 

from studies so far indicate that pro-inflammatory cytokines released during times 

of psychological stress may cause an increase in GRβ expression. This lowered 

GRα/β ratio may contribute to glucocorticoid resistance, resulting in increased 

pro-inflammatory cytokine release. This creates a positive feedback loop and leads 

to uncontrolled levels of inflammation.    

 

2.7.4.1.2.2 Glucocorticoid receptor alpha and beta in inflammatory arthritis 

Several studies have explored GRα expression in RA patients. As expected, lower 

GRα expression was found to associate with higher disease activity scores in RA 

patients (likely due to increased pro-inflammatory cytokine release) (Onda et al., 

2004, Cavalcante et al., 2010, Cobra et al., 2009). However, no differences were 

observed in absolute levels of GRα expression between RA patients and healthy 

volunteers (Onda et al., 2004, Cavalcante et al., 2010, Cobra et al., 2009). None of 

these studies explored GRβ expression, and so the GRα/β ratio could not be 

compared for RA patients and  healthy volunteers. Derijk et al. (2001) found an 

association between RA and a gene variant that increases the stability of GRβ 

mRNA (Derijk et al., 2001). Therefore, RA patients may have higher levels of GRβ 

expression than healthy volunteers, but similar levels of GRα, causing a lower 

GRα/β ratio and increased susceptibility to glucocorticoid resistance in these 

patients. High GRβ expression may also explain why GRα associates with disease 

activity in RA patients. A direct comparison of GRα and GRβ expression in healthy 

volunteers and RA patients (and JIA patients) should be carried out to validate this 

hypothesis. 
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2.7.4.1.3 Nuclear translocation 

Impaired translocation of the glucocorticoid receptor to the nucleus may also 

contribute to glucocorticoid resistance. Quan et al. (2003) found that mice 

subjected to chronic social isolation show impaired glucocorticoid receptor 

translocation to the nucleus in splenic macrophages (Quan et al., 2003).  This 

impaired nuclear translocation associated with glucocorticoid resistance in 

macrophages (Quan et al., 2003). This mechanism has not been studied in the 

context of depression so it is unknown whether this may contribute to depression 

associated glucocorticoid resistance. This work also needs to be validated in 

humans. 

 

2.7.5 Changes in leukocyte subsets 

Acute laboratory stressors are known to induce cortisol-dependent increases in 

circulating NK cells in healthy individuals (Brosschot et al., 1992, Naliboff et al., 

1991, Hennig et al., 2001). Chronic stress induced lymphocyte redistribution has 

been far less studied. 

 

Zautra has studied lymphocyte redistribution in response to both chronic and 

acute stressors in RA patients. Major life event stressors were associated with a 

lower T helper cell (CD4+)/ T suppressor cell ratio (CD8+) (Zautra et al., 1989). 

Animal models of major chronic stress have also supported this finding (Stefanski 

and Engler, 1999, Stefanski et al., 2013). The effect of depression on the CD4/CD8 

balance in RA patients has also been studied (Zautra et al., 2004). Patients with 

high depressive symptoms were found to have increased activated CD4+ T helper 

cells and lower CD8+ T suppressor cells (Zautra et al., 2004). When disease activity 

was explored, there were no baseline differences in physician global assessment, 

but during times of stress, patients with higher depression scores had higher 

physician global assessment scores (Zautra et al., 2004). The altered balance in 

CD4/CD8 cells is postulated to contribute to this worsened disease activity (Zautra 

et al., 2004). 

 

One limitation of the above studies by Zautra et al. (1989 and 2004) and Stefanski 

et al. (1999 and 2013) is that they did not stain for CD56+ cells. Brosschot et al. 
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(1992) showed that stress-induced increases in CD8+ cells are attributable to 

CD8+CD56+ double positive NK cells, with no changes in CD8+CD56- T suppressor 

cells. The studies listed above did not separate CD8+ cells out into CD56+ and 

CD56- populations and so it is possible that their results represent increased NK 

cells rather than increased T suppressor cells.  

 

2.7.6 Role of the inflammasome 

The inflammasome has also been identified as playing a role in depression-

associated inflammation. As discussed above, depression associates with increased 

production of IL-6, TNFα and IL-1β. IL-1β is first released as a precursor molecule, 

pro-IL-1β, which is cleaved by the inflammasome complex NLRP3 to IL-1β (Iwata 

et al., 2013). Alcocer-Gomez et al. (2014) investigated the expression of NLRP3 in 

PBMCs from patients with MDD (Alcocer-Gomez et al., 2014). Patients with MDD 

not taking any anti-depressant medication had increased NLRP3 and IL-1β 

expression in PBMCs compared to healthy volunteers (Alcocer-Gomez et al., 2014). 

The role of NLRP3 in depression-associated inflammation has also been studied in 

rats (Pan et al., 2014). Pan et al. (2014) induced depressive symptoms in rats by 

subjecting them to chronic unpredictable stressors (including cage tilting, wet 

sawdust bedding and low intensity light flashes). Depressive symptoms associated 

with increased expression of IL-1β and NLRP3 in the prefrontal cortex (PFC) (Pan 

et al., 2014). Overall, these studies demonstrate that depression associates with 

increased central and peripheral expression of NLRP3 and increased downstream 

IL-1β expression.  

 

2.7.7 Proposed mechanistic pathways 

In previous sections, the immune dysfunction in JIA patients, the psychological 

health of JIA patients, the association between psychological distress, 

inflammatory disease and systemic inflammation have all been discussed. These 

themes can all be drawn together. Figure 2.3 shows the proposed mechanism of 

psychological distress-induced inflammation for adolescent JIA patients based on 

the literature described above.  
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2.8 Hypothesis and aims 

2.8.1 Hypothesis 

The main hypotheses explored in this thesis were as follows; 

1. During times of low mood, adolescent patients with JIA have an increased 

number of joints with active inflammation and a limited range of 

movement, increased pain, disability, patient general evaluation and 

physician global assessment.  

2. During times of low mood, PBMCs from adolescent patients with JIA have  

a. an increased IL-6 response when stimulated with the bacterial 

endotoxin LPS  

b. a lowered sensitivity to glucocorticoid suppression of LPS-induced 

IL-6.   

 

 

 

Figure 2.3 The proposed mechanism of psychological distress-induced 

disease flares for adolescent patients with JIA. (previous page) 

1. (Graber, 2004) 11. (Cohen et al., 2012) 

2. (McLaughlin et al., 2010) 12. (Maes et al., 1998) 

3. (Glaser and Kiecolt-Glaser, 2005) 13. (Paik et al., 2000) 

4. (Varghese and Brown, 2001) 14. (Engler et al., 2008) 

5. (Miller et al., 2008) 15. (Raison et al., 2013) 

6. (Cole et al., 2007) 16. (Dantzer, 2009) 

7. (Quan et al., 2003) 17. (Bluthe et al., 2002) 

8. (Webster et al., 2001) 18. (Dowlati et al., 2010) 

9. (Franchimont et al., 1999) 19. (Pitsavos et al., 2006) 

10. (Miller and Chen, 2006) 20. (Packham et al., 2002) 

Glucocorticoid receptor (GR), C reactive protein (CRP), Erythrocyte Sedimentation 

Rate (ESR), peripheral blood mononuclear cell (PBMC), lipopolysaccharide (LPS), 

Childhood Health Assessment Questionnaire (CHAQ). 

 



 

 

87 

2.8.2 Aims 

The aims of this thesis were to; 

1. Profile the psychological health, disease activity and inflammatory profile of 

adolescent JIA patients.  

2. Profile the psychological health and inflammatory profile of healthy 

adolescents. 

3. Determine the relationships between disease activity and psychological 

health after correcting for confounding variables. 

4. To explore whether these relationships are driven by increased 

inflammation and an altered cortisol sensitivity.  

5. Explore the directionality of these relationships if possible. 
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Chapter 3.  The associations between mood and clinical 

measures of disease in an inception cohort of 

adolescent JIA patients 

3.1 Introduction 

For adult patients with RA, it is well reported that disease flares can occur 

concurrently with periods of low mood and psychological distress. However, this 

relationship has never previously been explored JIA patients or in a purely 

adolescent population.  

 

We wanted to explore this relationship using data from the childhood arthritis 

prospective study (CAPS). CAPS is a nationwide inception cohort of childhood 

onset arthritis. Patients were recruited from six tertiary paediatric rheumatology 

referral centres around the UK at disease onset and were followed longitudinally.  

We focussed our data analysis on JIA patients with an age of onset during 

adolescence. First, the burden of depressive symptoms was profiled for these 

patients. Next, the relationship between depressive symptoms and clinical 

measures of disease was explored in a cross-sectional analysis at disease onset. 

Next, this relationship was explored longitudinally over four years.   

 

3.2 Aims of chapter three 

This analysis aimed to explore; 

1. The prevalence of depression in adolescent patients with JIA at the first 

visit to a paediatric or adolescent rheumatologist (baseline) 

2. The association between depressive symptoms and clinical measures of 

disease at baseline 

3. The association between depressive symptoms at baseline and future 

clinical measures of disease. 

4. The association between clinical measures of disease at baseline and 

future depressive symptoms. 
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3.3 Methods 

Patients were recruited from six tertiary paediatric rheumatology referral centres 

in the UK based in London, Manchester, Liverpool, Newcastle-Upon-Tyne and 

Glasgow. Patient recruitment, along with the clinical and psychological 

assessments were completed prior this PhD project by CAPS principal 

investigators and research nurses. For this PhD project, data from this cohort were 

analysed to investigate the association between mood and clinical measures of 

disease in adolescent patients with JIA. 

 

3.3.1 Patient recruitment 

Patients were recruited to CAPS if diagnosed with an inflammatory arthritis 

persisting for at least two weeks and if aged sixteen years or under at diagnosis 

Exclusion criteria were septic arthritis, haemarthrosis, arthritis caused by 

malignancy or trauma and connective tissue disorders (Hyrich et al., 2010). CAPS 

was approved by the UK Northwest Multicentre Research Ethics Committee 

(No.01/8/104). Written informed consent from parents/guardians of all patients 

was obtained and all able children provided informed assent/consent. 

 

Patients were recruited within six months of their first visit to a paediatric 

rheumatologist. The first study visit was identified as ‘baseline data’. Patients were 

followed longitudinally and data was recorded at 6 months and 1, 2, 3, 4, 5, 7 and 

10 years after initial recruitment at disease onset.   

 

3.3.2 Clinical and psychological assessments 

Depressive symptoms were assessed at each time point using the long version of 

the child self-report Mood and Feelings Questionnaire (MFQ) (Angold et al., 1987) 

with a score of 0 indicating no depressive symptoms and a score of 66 indicating 

very high depressive symptoms. A score of 27 or greater was used as a cut-off 

score for MDD (Wood et al., 1995). 

 

Clinical measures of disease were recorded at each time point; number of joints 

with active inflammation (active joint count), number of joints with limited 
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movement (limited joint count), disability (measured by the CHAQ), pain 

(measured using a 0-10cm VAS), the patient’s general evaluation of disease (PGE) 

(measured using a 0-10cmm VAS), physician’s global assessment (PGA) and ESR. 

Medication use and demographic data were also recorded.  

 

3.3.3 Patient selection for statistical analysis at baseline 

Patients were selected for inclusion in this analysis if they met all of the following 

inclusion criteria; aged 11-16 years at baseline, had completed an MFQ form at 

baseline, had completed the MFQ within two months of clinical assessment, had an 

ILAR JIA diagnosis of polyarthritis (rheumatoid factor positive or negative), 

oligoarthritis or enthesitis related arthritis and were not taking oral steroids at 

baseline. Patients were also excluded if they were missing any of the following data 

at baseline; MFQ score, gender, age, ILAR diagnosis, DMARD use, active joint count, 

limited joint count, PGE, pain VAS and CHAQ.  

 

3.3.4 Statistical Analysis 

An overview of the data analysis plan and patient numbers in each analysis can be 

found in Figure 3.1. Data were analysed using SPSS version 21 and STATA/IC 

version 12. Baseline demographic and clinical data were using the median and 

inter quartile range (IQR) of the population as well as frequency and percentages. 

 

3.3.4.1 Exploratory analysis  

Associations between clinical measures of disease, age, gender, JIA category and 

depressive symptoms at baseline were analysed using Spearman’s correlation and 

the Mann Whitney test. Baseline clinical measures of disease and demographics 

were compared for patients scoring under and over the MFQ cut off score for MDD 

(>27 points). The groups were compared using the Mann Whitney test and Chi 

squared test with Z score post hoc test. A Z score over 1.96 indicated statistical 

significance.  
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3.3.4.2 Regression analysis at baseline 

Five separate multiple linear regression models were performed looking at the 

association between clinical measures of disease and depressive symptoms at 

baseline. Each model included a different clinical measure of disease as the 

dependent variable; active and limited joint counts, disability, pain and PGE. 

Depressive symptoms (continuous score) were included in each analysis as the 

independent variable. Age, gender and use of DMARDs were controlled for in all 

models regardless of significance in the univariate analysis.  Additionally, for the 

disability, pain and PGE models, JIA category (polyarthritis (rheumatoid factor 

positive and negative), oligoarthritis and enthesitis related arthritis,) was 

controlled for. JIA category was not controlled for in the active and limited joint 

count models due to high collinearity.  A stepwise regression approach was not 

used because we were not trying to assess all possible predictors of disease 

activity. The aim of the regression analyses was to determine whether mood could 

predict disease activity after controlling for a set group of confounding variables.  

 

Both standardised and unstandardized β coefficients are presented.  The 

unstandardised β coefficient represents how many units the dependent variable 

changes in relation to a one unit increase in the independent variable. As different 

independent variables utilise different units it is not possible to compare the 

strength of the association of different independent variables with one dependent 

variable across these measures with the unstandardised β coefficient. The 

standardised β coefficient shows how many standard deviations the dependent 

variable changes for a one standard deviation increase in the independent variable. 

Therefore, the standardised β coefficients allow comparison of the strength of the 

different associations between one dependent variable and several different 

dependent variables from different models. 

 

Collinearity was checked for all final models and was considered unproblematic if 

tolerance was greater than 0.1, the variance inflation factor was less than 10 and if 

the condition index was less than 30 (Ho, 2006). The studentised residuals were 

generated to check the fit of the model. Studentised residuals were plotted against 

each of the covariates included in the model, the independent variable and the 
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unstandardized predicted value. A good fit was indicated by residuals being 

randomly distributed about an average residual of zero with no pattern or trend 

being seen (Wade, 2014).  

 

3.3.4.3 Longitudinal analysis 

Linear mixed-effect models for change in clinical measures of disease over 4 years 

were estimated. This model implicitly imputes missing data at individual follow up 

assessments and so no patients are lost over time due to missing data. Time was 

included in the model as a linear spline with a change point at 12 months, which 

allowed different rates of change between 0-12 months and 12-48 months. Later 

time points were not included due to limited data. Baseline depressive symptoms 

were then included in the models of disease outcome as an explanatory variable. 

This model was then used to predict measures of disease over time for a 

representative low (2 points) and high (31 points) depressive symptoms score at 

baseline. These representative low and high scores were the average scores from 

the lower and upper quartile of MFQ scores at baseline. This longitudinal analysis 

was not powered to account for other covariates due to the small sample size.  A Z 

test for differences in estimated means was calculated. The Z test allowed us to 

statistically test the difference between the estimated clinical measures of disease 

at 12 months for the representative low and high depressive symptoms scores.  

 

This analysis was then repeated in the reverse directionality. Baseline disease 

activity measures were then included in the model of depressive symptoms over 

time as an explanatory variable. A separate model was generated for each disease 

activity measure. These models were then used to predict depressive symptoms 

over time for representative low and high disease activity scores at baseline. 

Representative low and high disease activity scores were as follows; active joint 

count (1 and 17), limited joint count (1 and 14), disability (0 and 1.875), pain (0.2 

and 6.7) and PGE (0.4 and 7.4). 

 

This longitudinal data analysis was based on methods used by Norton et al. (2011) 

and Matcham et al. (2016b).  
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3.4 Results 

An overview of the data analysis for chapter 3 can be found in Figure 3.1.  

 

 

 

 

 

Continued on next page. 
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Figure 3.1 Overview of data analysis in chapter 3  

Inter quartile range (IQR), long version of the child self-report Mood and Feelings 

Questionnaire (MFQ), patient general evaluation (PGE), disease modifying anti-

rheumatic drug (DMARD). 
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3.4.1 CAPS cohort overview 

A total of 1509 patients had been recruited to CAPS prior to this PhD project. When 

applying for access to the CAPS data set, data for all patients aged 11-16 years at 

baseline with accompanying baseline MFQ data was requested.  

 

 

Table 3.1 describes the clinical and socio-demographic data for these 219 patients 

prior to any inclusion or exclusion criteria being applied.  
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Variable N (%) 

Total N=219 

Median (IQR) 

Gender 

Female 

Male 

 

110 (57.0%) 

83 (43.0%) 

 

Age (11-16)  13.27 (12.03 – 14.44) 

JIA category 

Polyarthritis (RF positive and negative) 

Oligoarthritis 

Enthesitis-related arthritis 

Psoriatic arthritis 

Systemic arthritis 

Undifferentiated arthritis 

 

43 (22.3%) 

67 (34.7%) 

25 (13.0%) 

25 (13.0%) 

12 (6.2%) 

21 (10.9%) 

 

DMARD  

Yes 

No 

 

15 (7.8%) 

178 (92.2%) 

 

NSAID 

Yes 

No 

 

116 (60.1%) 

77 (39.9%) 

 

Biologic 

Yes 

No 

 

1 (0.5%) 

192 (99.5%) 

 

Steroid 

Yes 

       No 

 

24 (12.4%) 

169 (87.6%) 

 

MFQ score (0-66)  11 (6 – 21) 

Patients over cut off for MDD  

(MFQ score 27+) 

Yes 

No 

 

30 (15.5%) 

163 (84.5%) 

 

Active joint count (0-72)  2 (1 – 7) 

Limited joint count (0-72)  2 (1 – 5) 

Disability (CHAQ (0-3))  0.625 (0.125 – 1.375) 

Pain (0-10cm VAS)  3.6 (1.3 – 6.2) 

PGE (0-10cm VAS)  2.9 (1.0 – 5.0) 
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Table 3.1 Baseline socio-demographic and clinical data (previous page) 

Data for all patients aged 11-16 at baseline with accompanying baseline MFQ data 

(N=219 patients). 

Rheumatoid factor (RF), disease modifying anti-rheumatic drug (DMARD), non-steroidal 

anti-inflammatory drug (NSAID), intra-articular corticosteroid injection (IACI), long 

version of the child self-report Mood and Feelings Questionnaire (MFQ), major 

depressive disorder (MDD), patient general evaluation (PGE), visual analogue scale 

(VAS), Childhood Health Assessment Questionnaire (CHAQ), pain measured using a 0-

10cm VAS. 

3.4.2 Univariate Longitudinal analysis 

Next, we explored the trajectory of depressive symptoms and disease activity 

measures over time. Patients included in the baseline analysis (section 3.3) were 

followed longitudinally. The number of patients remaining in this analysis at 

baseline, 6 months, 1, 2, 3, 4, 5, 7 and 10 years were 102, 58, 76, 53, 37, 34, 26, 4 

and 4 respectively. No further exclusion criteria were applied. Due to study drop 

outs and patients not yet reaching later follow up periods, time points beyond 4 

years were not explored. There were no significant differences in the baseline 

socio-demographic or clinical data between patients at the four year follow up visit 

and study drop outs. 

 

Longitudinal analysis showed the estimated change in clinical measures of disease 

and depressive symptoms over the first 4 years. Depressive symptoms, active joint 

counts, limited joint counts, disability, pain and PGE all showed a similar profile; 

improvement during the first year and then stabilisation (Figure 3.2). The full 

models are described in Appendix C, table 1. 

3.4.3 Association between depressive symptoms at baseline and future 

clinical measures of disease 

Depressive symptoms at baseline were then included in the models of clinical 

measures of disease as an explanatory variable. Table 3.2 shows the coefficients 

from the linear mixed effects models that relate to depressive symptoms 

(depressive symptoms at baseline as well as the interaction between depressive 

symptoms at baseline and the rate of change of clinical measures of disease over 

time). The full models are described in Appendix C, table 2.  



 

 

98 

Figure 3.2 Clinical measures of disease and depressive symptoms over time 

A linear model for change in clinical measures of disease and depressive symptoms over 48 months for adolescent patients with JIA is shown. 

Disease activity measures explored were active joint count (3.2a), limited joint count (3.2b), PGE (3.2c), disability (3.2d), pain (3.2e) and 

depressive symptoms (3.2f). A change point at 12 months was included to allow for different rates of change between 0-12 months and 12-48 

months. Predicted values and 95% confidence intervals are shown. N=102 patients at baseline, N=58 patients at 6 months, N=76 patients at one 

year, N=53 patients at 2 years, N=37 patients at three years and N=34 patients at four years. Patient general evaluation of disease activity (PGE), 

visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ), pain measured using a 0-10cm VAS.  

3.2a 3.2b 
3.2c 

3.2d 3.2e 3.2f 
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Clinical measure of 

disease 

 

 

 

MFQ at baseline  

 

 

 

 

 

Coefficient (SE) 

Interaction between 

baseline MFQ and the 

rate of change in 

clinical measures of 

disease between  0-1 

years    

Coefficient (SE) 

Interaction between 

baseline MFQ and the 

rate of change in 

clinical measures of 

disease between  1-4 

years    

Coefficient (SE) 

Active joint count 

 
0.235 (0.047) *** -0.017 (0.006) ** 0.002 (0.003) 

Limited joint count 

 
0.188 (0.044) *** -0.007 (.006) -0.001 (0.003) 

Disability 

(CHAQ)  
0.028 (0.005) *** -0.001 (<0.001) * <-0.001 (<0.001) 

Pain VAS  

(0-10cm VAS) 
0.079 (0.021) *** -0.001 (0.002) <0.001 (0.001) 

PGE  

(0-10cm VAS) 
0.082 (0.018) *** -0.003 (0.001) <0.001 (0.001) 

Table 3.2 Linear mixed effects models for change in clinical measures of disease 

including depressive symptoms at baseline 

Linear mixed effects models for change in clinical measures of disease (active joint 

count, limited joint count, PGE, pain and disability) over 4 years for adolescent JIA 

patients were generated. A separate model was generated for each clinical measure of 

disease. Depressive symptoms (MFQ) at diagnosis were included in all models as a 

predictor. A change point at 12 months was included to allow for different rates of 

change between 0-12 months and 12-48 months.). Coefficients relating to depressive 

symptoms are shown; the impact of baseline depressive symptoms on baseline clinical 

measures of disease as well the interaction between baseline depressive symptoms 

and the rate of change of clinical measures of disease over 0-12 months and 12-48 

months. N=102 patients at baseline, N=58 patients at 6 months, N=76 patients at one 

year, N=53 patients at 2 years, N=37 patients at three years and N=34 patients at four 

years. * p<0.05, ** p<0.01, *** P<0.001Patient general evaluation of disease activity 

(PGE), visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ), 

pain measured using a 0-10cm VAS.  

 

These models were then used to estimate the clinical measures of disease over 

time for a representative low (2 points) and high (31 points) depressive symptoms 

score at baseline (Figure 3.3). Supporting the results of the cross sectional analysis, 
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higher depressive symptoms at baseline associated with worsened baseline 

clinical measures of disease (active and limited joint count, pain, disability and 

PGE). To test the difference between the estimated clinical measures of disease at 

12 months for the representative low and high depressive symptoms score,  

A Z test for differences in the estimated mean was then calculated.  The Z test 

statistically compare the difference between the estimated clinical measures of 

disease at 12 months for the representative low and high depressive symptoms 

scores. 

 

At 12 months, the estimated active joint count and limited joint count for those 

with high and low depressive symptoms at baseline were not significantly different 

(Table 3.3). In contrast, the estimated disability and pain scores at 12 months were 

significantly worse for those with high baseline depressive symptoms (Table 3.3). 

Similar differences were found at 48 months. For PGE at 12 months, there was a 

significant difference in estimated PGE scores between those with high and low 

baseline depressive symptoms. However, the two predicted scores had 

overlapping confidence intervals. The estimated clinical measures of disease at 12 

months, 95% confidence intervals and Z score values are shown in Table 3.3. 
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 3.3a 3.3b 

3.3c 3.3d 3.3e 

Figure 3.3 The estimated clinical measures of disease over 48 months for both low and high depressive symptoms at baseline 

Linear mixed effects models for change in clinical measures of disease over 48 months for adolescent patients with JIA are shown. Clinical 

measures of disease explored were active joint count (3.3a), limited joint count (3.3b), disability (3.3c), pain (3.3d) and PGE (3.3e). Depressive 

symptoms (MFQ) at diagnosis was included in all models as an explanatory variable. A representative score of high depressive symptoms (31 

points, solid line) and low depressive symptoms (2 points, dashed line) was selected. 95% confidence intervals are shown. Z test for difference 

between estimated scores for those with high and low baseline depressive symptoms. N=102 patients at baseline, N=58 patients at 6 months, 

N=76 patients at one year, N=53 patients at 2 years, N=37 patients at three years and N=34 patients at four years.. * p<0.05, ** p<0.01, *** 

P<0.001. 

Patient general evaluation of disease activity (PGE), visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ), pain (0-

10cm VAS).  
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Dependent 

Variable 

Disease 

activity 

Baseline 

depressive 

symptoms 

Predicted 

disease 

activity at 

12 months 

SE 95% confidence 

intervals 

Difference 

Z score  P value 

Active joint 

count  

Low MFQ 0.094 1.004  -1.874   2.062 -0.48 0.628 

High MFQ  1.023 1.364  -1.651    3.678 

Limited joint 

count 

Low MFQ  -0.092 0.953 -1.959 1.776 -1.72  0.085 

High MFQ  3.087 1.318 0.503 5.671 

Disability 

(CHAQ) 

Low MFQ  0.194  0.091  0.016     0.373  -3.31  ≤0.001  

High MFQ  0.706 0.107  0.496      0.916 

Pain           

(0-10cm VAS) 

Low MFQ  1.206   0.405 0.412     1.999 -2.79    ≤0.005 

High MFQ  3.143   0.481 2.201     4.086 

PGE             

(0-10cm VAS) 

Low MFQ  1.271 0.370 0.547     1.996 -1.99    <0.05 

High MFQ  2.536    0.439      1.676     3.396 

Table 3.3 Estimated clinical measures of disease at 12 months for a 

representative baseline low and high depressive symptoms score. 

The estimated clinical measures of disease at 12 months for a representative low (2 

points) and high (31 points) depressive symptoms score are shown along with 

standard error (SE) and 95% confidence intervals. The z score and p value for the 

difference between the predicted score for those with high and low baseline 

depressive symptoms is shown.  

Linear mixed effects models for change in clinical measures of disease (active joint 

count, limited joint count, PGE, pain and disability) over 48 months for adolescent 

patients were generated. A separate model was generated for each clinical measure of 

disease. Depressive symptoms (MFQ) at diagnosis were included in all models as an 

explanatory variable. N=102 patients at baseline, N=58 patients at 6 months, N=76 

patients at one year, N=53 patients at 2 years, N=37 patients at three years and N=34 

patients at four years. 

Long version of the child self-report Mood and Feelings Questionnaire (MFQ), patient 

general evaluation (PGE), visual analogue scale (VAS), Childhood Health Assessment 

Questionnaire (CHAQ), pain measured using a 0-10cm VAS. 

 



 

 

103 

3.4.4 Association between clinical measures of disease at baseline and 

future depressive symptoms  

We next explored this relationship in the reverse directionality. As shown in Figure 

3.2f, depressive symptoms showed a trajectory of improvement after baseline for 

the first 12 months, after which levels then stabilise. Disease activity measures at 

baseline were then included in this model of depressive symptoms over time to 

create five separate models, one for each different clinical measure of disease. 

Table 3.4 shows the coefficients from the linear mixed effects models that relate to 

each of the clinical measures of disease (coefficients for each clinical measure of 

disease at baseline as well as the interaction between each clinical measure of 

disease at baseline and the rate of change of depressive over time). The full models 

are described in Appendix C, table 3.  
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Table 3.4 Linear mixed effects models for change in depressive symptoms 

including clinical measures of disease at baseline 

Linear mixed effects models for change in depressive symptoms over 4 years for 

adolescent JIA patients were generated. Clinical measures of disease (active joint 

count, limited joint count, PGE, pain and disability) at diagnosis were individually 

included in the model as a predictor. A separate model was generated for each clinical 

measure of disease. A change point at 12 months was included to allow for different 

rates of change between 0-12 months and 12-48 months. Coefficients relating to 

clinical measures of disease are shown; the impact of baseline clinical measures of 

disease on baseline depressive symptoms as well the interaction between baseline 

clinical measures of disease and the rate of change of depressive symptoms over 0-12 

months and 12-48 months. N=102 patients at baseline, N=58 patients at 6 months, 

N=76 patients at one year, N=53 patients at 2 years, N=37 patients at three years and 

N=34 patients at four years.  * p<0.05, ** p<0.01, *** P<0.001. Long version of the child 

self-report Mood and Feelings Questionnaire (MFQ), patient general evaluation (PGE), 

visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ), pain 

measured using a 0-10cm VAS. 

Clinical measure of 

disease at baseline 

 

 

 

Clinical measure of 

disease at baseline 

 

 

 

 

 

Coefficient (SE) 

Interaction between 

baseline clinical 

measure of disease 

and the rate of 

change in depressive 

symptoms between  

0-1 year  

Coefficient (SE) 

Interaction between 

baseline clinical 

measure of disease 

and the rate of change 

in depressive 

symptoms between  

1-4 years 

Coefficient (SE) 

Active joint count 

 

0.491 (0.111) *** -0.014 (0.010) <0.001 (0.007) *** 

Limited joint count 0.503 (0.125) *** -0.009 (0.011) -0.002 (0.006) 

PGE  

(0-10cm VAS) 

1.813 (0.375) *** -0.472 (0.034) -0.007 (0.019) 

Pain VAS  

(0-10cm VAS) 

1.401)(0.362) *** -0.034 (0.031) -0.005 (0.017) 

Disability 

(CHAQ)  

0.680 (0.119) *** -0.001 (0.013) 0.001 (0.007) 
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These models were then used to estimate the depressive symptoms over time for 

representative low and high disease activity scores at baseline (Fig 3.5). Low and 

high disease activity scores were as follows; 1 and 17 for active joint count, 1 and 

14 for limited joint count, 0 and 1.875 for CHAQ, 0.4 and 7.4 for pain and 0.2 and 

6.7 for PGE. Supporting the results of the cross sectional analysis, higher scores for 

all clinical measures of disease at baseline associated with worsened baseline 

depressive symptoms. At 12 months, the estimated depressive symptom scores 

remained significantly worse for those with higher baseline active joint counts, 

limited joint counts, pain, disability and PGE scores (Table 3.5). Similar differences 

were found at 48 months. For the models including active joint count, limited joint 

count, and pain, the two predicted depressive symptom scores at 12 months had 

overlapping confidence intervals. The estimated depressive symptoms at 12 

months, 95% confidence intervals and Z score values for all models are shown in 

Table 3.5. 
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Figure 3.4 The estimated depressive symptoms over 48 months for both low and high baseline scores of clinical measures of disease 

Linear mixed effects models for change in depressive symptoms over 48 months for adolescent patients with JIA are shown. Clinical measures of 

disease, active joint count (3.4a), limited joint count (3.4b), disability (3.4c), pain (3.4d) and PGE (3.4e), at diagnosis were individually as 

explanatory variables. A representative low and high clinical measure of disease score (1 and 17 for active joint count, 1 and 14 for limited joint 

count, 0 and 1.875 for CHAQ, 0.4 and 7.4 for pain and 0.2 and 6.7 for PGE) was selected. 95% confidence intervals are shown. Z test for difference 

between estimated scores for those with high and low baseline depressive symptoms. N=102 patients at baseline, N=58 patients at 6 months, 

N=76 patients at one year, N=53 patients at 2 years, N=37 patients at three years and N=34 patients at four years. * p<0.05, ** p<0.01, *** 

P<0.001. Long version of the child self-report Mood and Feelings Questionnaire (MFQ), patient general evaluation (PGE), visual analogue scale 

(VAS), Childhood Health Assessment Questionnaire (CHAQ), pain measured using a 0-10cm VAS. 

Long version of the child self-report Mood and Feelings Questionnaire (MFQ), patient general evaluation (PGE), visual analogue scale (VAS), 

Childhood Health Assessment Questionnaire (CHAQ), pain measured using a 0-10cm VAS. 

3.4a 3.4b 

3.4c 3.4d 3.4e 



 

 

107 

 

Independent variable  

Baseline DA  

Baseline  

DA  

Predicted depressive 

symptoms at 12 months 

SE 95% confidence intervals Difference 

Z score  P value 

Active joint count  Low active joint count 7.731 1.198 5.382 10.080 -2.61 0.009 

High active joint count 12.851 1.781 9.350 16.341 

Limited joint count Low limited joint count 7.803 1.180 5.490 10.115 -2.88 0.004 

High limited joint count 12.891 1.684 9.590 16.191 

Disability  

(CHAQ) 

Low disability 1.299 0.136 1.034 1.565 -4.93 <0.001 

High disability 2.550 0.182 2.193 2.906 

Pain           

(0-10cm VAS) 

Low pain 5.972 1.685 2.669 9.276 -2.56 0.010 

High pain  12.953 1.797 9.431 16.474 

PGE             

(0-10cm VAS) 

Low PGE 5.628 1.592 2.597 8.749 -2.96 0.003 

High PGE  13.734 1.876 10.058 17.411 
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Table 3.5 Estimated depressive symptoms at 12 months for representative baseline low and high clinical measures of disease (previous page). 

The estimated depressive symptoms at 12 months for representative low and high clinical measures of disease (1 and 17 for active joint count, 1 and 14 for 

limited joint count, 0 and 1.875 for CHAQ, 0.4 and 7.4 for pain and 0.2 and 6.7 for PGE) are shown along with standard error (SE) and 95% confidence 

intervals. The z score and p value for the difference between the predicted score for those with high and low baseline clinical measures of disease are shown.  

Linear mixed effects models for change in depressive symptoms over 48 months for adolescent patients were generated. Clinical measures of disease (active 

joint count, limited joint count, PGE, pain and disability) at diagnosis were included individually as an explanatory variable. A separate model was generated 

for each clinical measure of disease. N=102 patients at baseline, N=58 patients at 6 months, N=76 patients at one year, N=53 patients at 2 years, N=37 

patients at three years and N=34 patients at four years. Disease activity (DA), long version of the child self-report Mood and Feelings Questionnaire (MFQ), 

patient general evaluation (PGE), visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ), pain measured using a 0-10cm VAS.
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3.5 Discussion 

The aim of this chapter was to investigate the association between depressive 

symptoms and disease activity for adolescent patients with JIA within the first six 

months of their first visit to a paediatric/adolescent rheumatologist and 

longitudinally over the following four years. At baseline, 14.7% of patients had 

significant depressive symptoms. A higher number of depressive symptoms at 

baseline associated with worsened clinical measures of disease at baseline. 

Baseline depression predicted worse pain and disability for up to four years later, 

but did not predict active or limited joint counts. Baseline active joint count, 

limited joint count, disability, pain and PGE predicted worse depressive symptoms 

for up to four years. 

 

There were a significant number of young people with JIA who had low mood at 

baseline; 14.7% of patients scored over the cut off score for MDD. There have been 

few studies investigating the prevalence of depression in JIA, particularly during 

adolescence. Of the few studies that do exist, prevalence rates reported are 

between 7-23% (Adam et al., 2005, Bomba et al., 2013, Kuburovic et al., 2014). The 

prevalence of diagnosed depression for healthy 13-15 year olds in the UK is 1.9% 

(Ford et al., 2003). However, no population norms are available for the MFQ, 

making it difficult to directly compare our results to depression rates in 

adolescents without long-term physical health conditions. There have been mixed 

reports as to whether JIA patients have higher depressive symptoms than healthy 

children (Ding et al., 2008, Tarakci et al., 2011). However, existing studies mostly 

investigated a mixed population of children and adolescents and use different 

measures of depressive symptoms and so cannot be directly compared to our 

findings. We found that females had higher depressive symptoms than males at 

baseline. This gender difference is well known, beginning around the age of 13 and 

increasing into late adolescence (Nolen-Hoeksema and Girgus, 1994, American 

Psychiatric Association, 2013).  

 

The exploratory analysis showed that patients with polyarthritis had significantly 

worse depressive symptoms than patients with oligoarthritis and enthesitis 
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related arthritis. Patients with polyarthritis may experience worse depressive 

symptoms due to the increased number of joints involved compared to other JIA 

categories.  

 

The most common DMARD, methotrexate, is known to cause nausea and vomiting 

in a high proportion of adolescent patients with JIA (Patil et al., 2014), which may 

impact negatively on mood. However, as only 6 patients in this present study were 

taking DMARDS at baseline, a comparison of depressive symptoms between those 

taking and not taking DMARDs could not be made, but does warrant future 

investigation.  

 

The results from our cross sectional regression analyses and longitudinal analyses 

have shown that for adolescent JIA patients, baseline depressive symptoms were 

associated with worsened pain and disability at baseline and over the next four 

years. Baseline pain and disability was found to significantly predict future 

worsened depressive symptoms. For many patients, this may mean worse 

depressive symptoms, pain and disability as they enter adulthood. What few 

studies there are investigating the relationship between mood, pain and disability 

for patients with JIA support the findings of this current study. Depressive 

symptoms have previously been shown to associate concurrently with disability 

and pain for children and adolescents with JIA (Ding et al., 2008, Tarakci et al., 

2011). Longitudinally, depressive symptoms have also been shown to predict 

future pain and disability, but only when initial levels of pain and disability are low 

(Hoff et al., 2006). In addition, Packham et al. (2002) found that previous 

depressive episodes predicted future pain for adults with JIA (Packham et al., 

2002). Packham et al. (2002) did not explore other clinical measures of disease. In 

order to identify effective treatment targets it will be important to investigate the 

inflammatory, cognitive and behavioural mechanisms which may explain these 

relationships in a purely adolescent JIA population.  

 

For adult RA patients, many studies have shown that depressive symptoms 

strongly associate with both current and future pain and disability (Crotty et al., 

1994, Sharpe et al., 2001, Smedstad et al., 1997, Matcham et al., 2016b, Evers et al., 
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1997). However, despite there being more published research in adult RA patients, 

the mechanisms behind mood, pain and disability still remain unclear for these 

patients.  

 

Depression and pain share common biological pathways. The decreased 

noradrenaline and serotonin associated with depression affect neurotransmission 

in pain pathways, resulting in reduced pain inhibition and a worse experience of 

pain (Bair et al., 2003). Furthermore, adolescents who use catastrophising as a 

coping strategy for pain also report more depressive symptoms, which may be due 

to the rumination type behaviours common to both (Lynch-Jordan et al., 2013). 

This is particularly relevant for adolescents. The prefrontal cortex (PFC) 

(responsible for self-control) does not fully mature until adulthood whereas the 

limbic system (responsible for emotional reactivity) is already fully developed 

(Lynch-Jordan et al., 2013). This results in a bias towards poor cognitive emotion 

regulation which in turn associates with depressive symptoms (Blakemore and 

Choudhury, 2006, Garnefski and Kraaij, 2006). The pain experienced by JIA 

patients can lead to reduced physical activity, particularly if the patient believes 

that exercising will cause further joint damage, disability and pain (Limenis et al., 

2014, Thastum et al., 2005). This decreased activity may lead to a cycle of physical 

deconditioning, worsened disability and worsened pain (Limenis et al., 2014, Long 

and Rouster-Stevens, 2010). In addition, the social withdrawal associated with 

depression is likely to contribute to reduced physical activity and exacerbate this 

cycle (Limenis et al., 2014). It is important to acknowledge the effect of worse 

disability and pain on lifestyle limitations, quality of life and therefore mood. 

 

We found that baseline depressive symptoms associated with higher PGE scores at 

baseline. Furthermore, baseline PGE scores predicted future worsened depressive 

symptoms. The longitudinal results in the reverse directionality are less clear. At 

12 months, high baseline depressive symptoms predicted significantly higher 

estimated PGE scores. However, the significance level was approaching 5% and 

confidence intervals were overlapping and so a firm conclusion is difficult to make. 

It may be that the sample is underpowered to detect a difference or that no true 

association exists. A previous study looking at children and adolescents with JIA 
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found that higher depressive symptoms associated with higher concurrent PGE 

scores (Tarakci et al., 2011). No studies that we are aware of have previously 

explored this relationship longitudinally. 

 

Our cross-sectional analysis showed that baseline depressive symptoms also 

associated with a worse active joint count and limited joint count at baseline. Two 

studies have previously explored the association between active joint count and 

depressive symptoms for JIA patients in a cross-sectional analysis but neither 

study found an association (Tarakci et al., 2011, Ding et al., 2008), which 

contradicts our findings. The reason for this discrepancy is unclear but may be due 

to differences in study design and age of patients included. Both previous studies 

investigated a mixed population of both children and adolescents with varying 

disease duration (between 5 months and 15 years), had lower sample sizes, used 

different measures of depressive symptoms and neither accounted for any 

covariates in their analysis (Tarakci et al., 2011, Ding et al., 2008). Neither study 

investigated limited joint count.   

 

The longitudinal analysis showed that after the first year baseline depressive 

symptoms no longer associated with subsequent active joint count or limited joint 

count. However, baseline active and limited joint count predicted worsened future 

depressive symptoms. We are not aware of any previous studies exploring the 

longitudinal association between depressive symptoms and these clinical 

measures of disease in adolescents with JIA. In adult RA patients, depressive 

symptoms have been shown to associate with a higher active joint count at the 

same point in time (Cabrera-Marroquin et al., 2014) and with a higher tender joint 

count, physician VAS and a composite disease activity score (DAS28) two years 

later (Matcham et al., 2016b). Other studies have found no associations (Smedstad 

et al., 1997, Evers et al., 1997). It is important to bear in mind that these studies 

were in an adult RA populations and so cannot be directly compared to the results 

from our analysis in adolescent JIA patients. 

 

The association between active inflammatory disease and depressive symptoms 

may partially be explained by the inflammatory theory of depression which states 
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that depression can be driven by peripheral inflammation (Smith, 1991). This 

means that patients with chronic inflammatory diseases, such as JIA, may have an 

increased susceptibility to developing depression. This theory is supported by 

proof of concept studies in adults (Dowlati et al., 2010, Carvalho et al., 2010, 

Raison et al., 2013), children (Brambilla et al., 2004) and mouse models (Frenois et 

al., 2007). Depressive symptoms have been shown to associate with changes in 

glucocorticoid sensitivity (Cohen et al., 2012, Matcham et al., 2016b), increased 

oxidative stress (Stefanescu and Ciobica, 2012, Black et al., 2015), changes in 

lymphocyte populations (Maes et al., 1992, Ravindran et al., 1998) and 

inflammasome activation (Zhang et al., 2015). One may hypothesise that these 

changes may contribute in some adolescent patients with JIA towards lowering the 

threshold for flares. However, our results indicate that this association may be 

stronger in the reverse directionality (disease activity predicting future 

depression). This is likely due to pain, disability, fatigue and consequent 

limitations which all impact on mood. 

 

This work has some limitations. Though the MFQ is a widely used and accepted 

measure of depression with excellent reliability and validity (Wood et al., 1995, 

Kent et al., 1997), it was originally designed to screen for severe depressive 

symptoms in psychiatric patients and so is not so sensitive to lower levels of 

depressive symptoms. Whilst it has been useful to identify patients over the cut off 

for MDD in this population, the MFQ may not be sensitive enough in detecting or 

measuring low-level depressive symptoms.  

 

 

For the cross-sectional analysis five separate regression analyses were conducted; 

one regression for each disease activity measure. Typically, a stepwise regression 

approach would be used to determine which of the disease activity measures have 

the strongest association with mood after correcting for all other disease activity 

measures.  This would mean that if the disease activity measures are found to be 

collinear they would be excluded from the analysis and the measure most strongly 

associated with mood would remain. Whilst this may be a statistically valid way to 

analyse the data, it is not a clinically valid method for this population. Although 
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these disease activity measures were all collinear when the population is looked at 

as a whole, it has been shown that clinically these disease activity measures are not 

collinear for all patients. For example, many patients experience high levels of pain 

despite having no active joints (Miller et al., 2011). Therefore, it was decided that 

each disease activity measure should be investigated separately. However, the 

limitation of performing multiple regression analyses when some variables are 

collinear for some patients is that not all of the statistically significant associations 

may be true.   

 

Another study limitation was that the longitudinal analysis was not powered to 

include age, gender, medication use and JIA category as confounders due to study 

dropouts over time. From the 102 patients at baseline, 34 were remaining at the 

four year follow up (33.3% patients remaining). This level of study dropout is 

higher than is typically seen in longitudinal prospective cohort studies. For 

example, in the study by Norton et al. (2011) (which uses similar linear mixed 

effect models for change), 70% of patients remained in the study at 10 year follow 

up. However, some patients recruited to CAPS had not reached the four-year study 

visit yet and so this should be classed as missing data rather than study dropouts. 

Nevertheless, the linear mixed effect model for change implicitly imputes missing 

data based on trends in the remaining study cohort data meaning that no patients 

are excluded over time due to missing data. Furthermore, no differences in socio-

demographic or clinical factors were found between those with and without data 

at the four-year study visit.  

 

Several inclusion criteria were put in place to limit the amount of variation due to 

confounding variables. This resulted in a population of 102 adolescent JIA patients. 

Applying these inclusion criteria may have affected the results. The cross-sectional 

analysis only looked at baseline data which meant that disease duration was not a 

confounding factor. However, there is some evidence to suggest that age of onset 

may affect depressive symptoms in JIA patients. Results from the study by 

Packham et al (2002) suggest that those with disease onset between 6-12 years 

are more likely to experience depressive symptoms in adulthood than those with 

JIA-onset between 13-16 years. However, the impact of age of onset on depressive 
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symptoms during adolescence has not previously been studied and warrants 

further investigation.  Patients with psoriatic arthritis and systemic arthritis were 

excluded from data analysis in this study. By definition, these JIA categories have 

higher levels of systemic inflammation. If the association between depression and 

disease activity is at least partially driven by increased circulating pro-

inflammatory cytokines, we therefore may have excluded patients who are the 

most susceptible to this. In the final 102 patients included in the data analysis, no 

patients were taking biologic treatments. Patients were excluded if taking oral 

steroids but not if they were taking DMARDs or NSAIDs. The reason for only 

excluding those taking oral steroids was based on the association between 

glucocorticoid sensitivity and mood that has been previously reported (Matsubara 

et al., 2006, Carvalho et al., 2014). By excluding patients taking oral steroids the 

association between mood and sensitivity to glucocorticoid treatment was not a 

confounding factor in the data analysis. However, by excluding these patients, we 

may have excluded those with the most severe disease activity who may have been 

the most susceptible to mood-related problems and mood-related disease activity. 

 

This study suggests that depressive symptoms are highly prevalent in recently 

diagnosed 11-16 year old JIA patients in the UK. This finding justifies actively 

screening for depressive symptoms in routine clinical practice. We have also 

shown that depressive symptoms associate with worse pain, disability and active 

disease at diagnosis. Longitudinal analysis showed that all disease activity 

parameters at baseline predicted worse future depressive symptoms. However, 

depressive symptoms at baseline predicted future disability and pain but not 

active disease. This work highlights the need for a psychological intervention study 

with the aim of improving long-term outcomes for adolescents with JIA. 
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Chapter 4.  Psychological assessment and clinical measures of 

disease 

4.1 Introduction 

Chapter 3 investigated the relationship between depression and disease activity 

for patients in the CAPS cohort. This chapter builds on those results by profiling 

the psychological stress, anxiety, wellbeing, resilience as well as depressive 

symptoms experienced by adolescent JIA patients at the UCLH adolescent 

rheumatology outpatient clinic.  These psychological health parameters are then 

explored in relation to disease activity. 

 

Previous studies investigating the psychological health of JIA patients have 

described conflicting results as to whether patients experience similar or 

equivalent levels of psychopathology as compared to children without a long-term 

chronic physical health condition. Furthermore, these studies all have small 

sample sizes and are of child only or mixed child and adolescent populations. We 

therefore wanted to profile the psychological health of a purely adolescent 

population of JIA patients and explore associations with disease activity.  

 

The first part of this chapter describes the process of developing a questionnaire 

pack to profile the psychological health of adolescent JIA patients. The second part 

of this chapter describes adolescent JIA patient and adolescent healthy control 

recruitment as well as the psychological health profile of these two populations. 

The third part of this chapter explores disease activity profiles of JIA patients. The 

relationship between disease activity (active, limited, and swollen joint count, 

disability, pain, patient general VAS, physician VAS, JADAS3 score, ESR and CRP) 

and psychological health (life event stressors, depression, anxiety, psychological 

wellbeing, resilience and parental stress) is then explored.  
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4.2 Aims of chapter four 

The aims of giving out the questionnaire and collecting clinical data were as 

follows: 

 

 To use using psychological questionnaires to quantify levels of life event 

stress, state anxiety, trait anxiety, depressive symptoms, resilience and 

wellbeing experienced by adolescent JIA patients and healthy controls 

 To use psychological questionnaires that are valid for the intended 

population, reliable and deemed acceptable by adolescent JIA patients  

 To quantify the disability, pain, active disease and overall disease status of 

adolescent JIA patients 

 To map psychological questionnaire scores to clinical parameters 

 To determine the proportion of adolescent JIA patients and healthy controls 

who score above the cut off for probable depression and high anxiety. 

 

4.2.1 Baseline data for patients selected for further analysis 

4.2.1.1 Patient selection for further analysis 

The anticipated effect size of mood on disease activity was small. It was therefore 

important to limit the amount of variation in disease activity that could be 

attributed to other variables. Due to limitations in sample size, particularly in sub-

groups (i.e. only 12 patients had systemic arthritis (Table 3.1), not all variables 

could be appropriately controlled for in the regression analysis and so a number of 

exclusion criteria were applied. The cross-sectional analysis was performed only 

on baseline data in order to reduce variation in disease duration and mediation 

use. The time difference between MFQ completion and clinical data being recorded 

was limited to two months. This was because we wanted to capture mood at the 

time of the recorded disease activity as accurately as possible. Patients were 

excluded if they had systemic arthritis, psoriatic arthritis or undifferentiated 

arthritis due to low patient numbers in these groups after the above criteria were 

applied. Patients were excluded is taking oral steroids as the effect of oral steroids 

may have masked any associations between mood and worsened disease activity. 
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To summarise, the inclusion criteria were as follows; aged 11-16 years at baseline, 

had completed an MFQ form at baseline, had completed the MFQ within two 

months of clinical assessment, had an ILAR JIA diagnosis of polyarthritis 

(rheumatoid factor positive or negative), oligoarthritis or enthesitis related 

arthritis and were not taking oral steroids at baseline. Patients were also excluded 

if they were missing any of the following data at baseline; MFQ score, gender, age, 

ILAR diagnosis, DMARD use, active joint count, limited joint count, PGE, pain VAS 

and CHAQ. These inclusion criteria are summarised in Figure 4.1. 

 

Figure 4.1 Inclusion criteria 

Patients were included in the data analysis if they met all criteria shown in the flow 

chart. Failure to meet any of these criteria resulted in exclusion. No missing data 

refers to the following variables at baseline; age, gender, JIA category, MFQ score, 

DMARD use, active and limited joint counts, disability, pain and patient’s general 

evaluation of disease. 



 

 

119 

Long version of the child self-report Mood and Feelings Questionnaire (MFQ), disease 

modifying anti-rheumatic drug (DMARD). 

 

4.2.1.2 Demographics and clinical data at baseline 

After applying the inclusion criteria shown in Figure 4.1, a total of 102 patients 

were included in the analysis. After applying these inclusion criteria, physician VAS 

had 15.7% missing data for the final 102 patients and ESR had 30.4% missing data 

and so both these parameters were excluded from the final analysis. As physician 

VAS was not included in this analysis, the JADAS3 (a composite disease activity 

score), could not be calculated (McErlane et al., 2013).  

 

Table 4.1 shows the baseline demographic and clinical information for the 102 

patients included in the analyses. At baseline, 14.7% of patients scored over the cut 

off score of 27 for MDD (Table 4.1). 
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Variable N (%) 

Total N=102 

Median (IQR) 

Gender 

Female 

Male 

  

58 (56.9%) 

44 (43.1%) 

  

Age (11-16)   13.2 (11.9–14.2) 

JIA category 

Polyarthritis (RF positive and negative) 

Oligoarthritis 

Enthesitis-related arthritis 

  

31 (30.4%) 

53 (52.0%) 

18 (17.6%) 

  

DMARD  

Yes 

No 

  

6 (5.9%) 

96 (94.1%) 

  

NSAID 

Yes 

No 

  

65 (63.7%) 

37 (36.3%) 

  

MFQ score (0-66)   13.0 (6.0–20.0) 

Patients over cut off for MDD  

(MFQ score 27+) 

15 (14.7%)   

Active joint count (0-72)   2.0 (1.0-5.0) 

Limited joint count (0-72)  1.0 (1.0-4.0) 

Disability (CHAQ (0-3))   0.625 (0.000-1.125) 

Pain (0-10cm VAS)   3.2 (0.9-6.0) 

PGE (0-10cm VAS)   2.5 (0.7-4.9) 

Table 4.1 Baseline socio-demographic and clinical data for selected patients 

102 patients meeting the inclusion criteria were included in subsequent analyses.  

Rheumatoid factor (RF), disease modifying anti-rheumatic drug (DMARD), non-steroidal 

anti-inflammatory drug (NSAID), long version of the child self-report Mood and Feelings 

Questionnaire (MFQ), major depressive disorder (MDD), patient general evaluation 

(PGE), visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ), 

pain measured using a 0-10cm VAS. 
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4.2.1.3 Exploratory analysis at baseline 

The relationship between depressive symptoms, disease activity and 

demographics at baseline were first investigated in a cross-sectional analysis. At 

baseline, depressive symptoms significantly correlated with active joint count, 

limited joint count, disability, pain, and PGE (Table 4.2). Depressive symptoms 

were significantly different between JIA categories at baseline. Patients with 

polyarthritis had significantly higher depressive symptoms than patients with 

oligoarthritis and enthesitis related arthritis (Figure 4.2a). There were no 

significant differences in depressive symptoms between patients with 

oligoarthritis and enthesitis related arthritis. Females had significantly higher 

depressive symptoms than males (Figure 4.2b). The association between age and 

depressive symptoms was not significant. As only 5 patients were taking DMARDs 

at baseline, depressive symptoms between those taking and not taking DMARDs 

could not be compared statistically.  

 

Variable correlated with 

depressive symptoms 

Spearman’s r (p value) 

Active joint count 0.324 (p=0.001) 

Limited joint count 0.356 (p<0.001) 

Disability (CHAQ) 0.514 (p<0.001) 

Pain (0-10cm VAS) 0.394 (p<0.001) 

PGE (0-10cm VAS) 0.431 (p<0.001) 

Table 4.2 Correlations between depressive symptoms and clinical measures of 

disease at baseline.  

Active joint count, limited joint count, disability, pain, and PGE were associated with 

depressive symptoms at baseline in a Spearman’s correlation analysis. All variables 

were log transformed. N=102 adolescent patients with JIA.  

Childhood Health Assessment Questionnaire (CHAQ), visual analogue scale (VAS), 

patient general evaluation (PGE), pain measured using a 0-10cm VAS. 
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Figure 4.2 Gender and ILAR category differences in depressive symptoms.  

Patients with polyarthritis (N=31) had significantly higher depressive symptoms than 

patients with oligoarthritis (N=53) and ERA (N=18) (3.2a). There were no significant 

differences in depressive symptoms between patients with oligoarthritis and ERA. 

Females (N=58) had significantly higher depressive symptoms than males (N=44) 

(3.2b). Mann Whitney test for differences. Median and inter quartile range shown. 

N=102 patients in total.  

Enthesitis related arthritis (ERA), long version of the child self-report Mood and Feelings 

Questionnaire (MFQ). *p≤0.05 ** p≤0.01 ***p≤0.001 

 

Patients were then grouped as to whether their MFQ score was under or over the 

cut off score for depressive symptoms (MFQ score ≥27) (Wood et al., 1995) and 

clinical measures of disease were compared. Patients over the cut off score for 

depressive symptoms had significantly higher disability and PGE scores as well as 

higher active and limited joint counts than those under the cut off score for 

depressive symptoms (Table 4.3). Patients with polyarthritis had a significantly 

higher proportion of patients over the cut off score for depressive symptoms than 

those with oligoarthritis or ERA (Table 4.3). There were no significant differences 

in pain, age or gender between those over and under the cut off score for 

depressive symptoms.  

 

3.3b 

 

3.3a 
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Variable Under cut off score for MDD 

(MFQ < 27) (N=87) 

 

Over cut off score for MDD 

(MFQ > 27) (N=15) 

 

P value 

Median (IQR) N (%) Median (IQR) N (%)  

ILAR category 

Polyarthritis 

Oligoarthritis 

ERA 

  

22 (25.3%) 

48 (55.3%) 

17 (19.5%) 

  

9 (60%) 

5 (33.3%) 

1 (6.7%) 

 

0.013 

Gender 

Female 

Male 

  

47 (54.0%) 

40 (46.0%) 

  

11 (73.3%) 

4  (26.7%) 

 

0.259 

 

Age                     

(years) 
13.0 (12.0-14.0)  12.0 (11.0-14.0)  0.433 

Active Joint 

Count 

2.0 (1.0-4.0)  6 .0 (2.0-19.0)  0.006 

Limited Joint 

Count 

0.0 (0.0.-1.00)  1.0 (0.0-3.0)  0.038 

Disability  

(CHAQ) 

0.500 (0.000-1.000)  1.250 (0.250-2.000)  0.018 

Pain 

(0-10cm VAS) 

3.0. (0.7-5.8)  3.4 (3.0-7.8)  0.083 

PGE  

(0-10cm VAS) 

2.1. (0.5-4.9)   4.0 (3.1-8.0)  0.011 

 

Table 4.3 Differences in clinical measures of disease between patients under 

and over the cut off score for depressive symptoms at baseline.   

Groups were compared using a Mann Whitney test or Chi squared test and Z score 

post-hoc test. N=102 adolescent patients with JIA. 

Major depressive disorder (MDD), patient general evaluation (PGE), visual analogue 

scale (VAS), Childhood Health Assessment Questionnaire (CHAQ), pain measured using a 

0-10cm VAS, enthesitis related arthritis (ERA).  

 

4.2.1.4 Regression analysis at baseline   

The regression analyses showed depressive symptoms at baseline to be associated 

with active and limited joint count, disability, pain and PGE after accounting for 

confounding variables (Table 4.4). Age, DMARD use and gender were controlled in 

all models. Additionally, for the disability, pain and PGE models, ILAR category was 
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controlled for. JIA category was not controlled for in the active and limited joint 

count models due to high collinearity.  

 

The unstandardised beta coefficient represents how many units the dependent 

variable (clinical measures of disease) changes in relation to a one unit increase in 

the independent variable (depressive symptoms). As different clinical measures of 

disease utilise different units it is not possible to compare the strength of the 

association with MFQ across these measures with the unstandardised beta values. 

The standardised beta coefficient shows how many standard deviations the 

dependent variable changes for a one standard deviation increase in the 

independent variable. Therefore, the standardised beta scores allow comparison of 

the strength of the different associations across different clinical measures of 

disease. 

 

Collinearity and model fit were checked for all models and were considered 

unproblematic. For all models, the tolerance value was greater than 0.1, the 

variance inflation factor was less than 10 and the condition index was less than 30 

(Ho, 2006). The studentised residuals were randomly distributed about an average 

residual of zero indicating good model fit (Wade, 2014).  
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Dependent 

Variable  
Adjusted R2 

Anova 

Significance 

(p value) 

MFQ 

standardised β 

MFQ  

unstandardised β 

Dependent 

variable 

significance 

 

(p value) 

Confidence Intervals 

(95%) unstandardised β 

Lower 

bound 

Upper 

bound 

Active joint count 0.196 <0.001 0.269 0.196 0.005 0.062 0.330 

Limited joint count 0.226 <0.001 0.258 0.166 0.006 0.050 0.283 

Disability (CHAQ) 0.322 <0.001 0.377 0.022 <0.001 0.012 0.032 

Pain  

(0-10cm VAS) 
0.154 0.001 0.323 0.072   0.001 0.029 0.116 

PGE  

(0-10cm VAS) 
0.224 <0.001 0.390 0.082 <0.001 0.043 0.122 

Table 4.4 Baseline associations between clinical measures of disease and depressive symptoms.  

Data were analysed using multiple linear regression models. Age, gender and DMARD use were controlled for. Additionally for the PGE, 

disability and pain regressions, JIA category (polyarthritis (rheumatoid factor positive and negative), oligoarthritis and enthesitis related 

arthritis) was additionally controlled for. JIA category was not included as a covariate in the active and limited joint count models due to high 

collinearity.  N=102 adolescent patients with JIA. 

Patient general evaluation of disease activity (PGE), visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ), pain 

measured using a 0-10cm VAS.  



126 

 

4.3 Methods 

In order to assess the psychological health of JIA patients based at the adolescent 

rheumatology outpatient department at UCLH, a pack of validated psychological 

questionnaires was compiled. The patient questionnaire pack measured life event 

stressors, state and trait anxiety, depressive symptoms, mental wellbeing and 

resilience. A parent questionnaire pack was also given out to assess parental 

stress. Adolescent healthy controls received the same questionnaire pack as JIA 

adolescent patients. For healthy controls it was not feasible for their parents to 

complete a questionnaire. For complete questionnaire packs, see Appendix A. 

 

4.3.1 Optimisation of the psychological questionnaire pack 

Psychological questionnaires included in this study had to meet specific inclusion 

criteria, have good reliability, be valid for use in a population of adolescent JIA 

patients and had to be deemed acceptable by patients. 

 

4.3.1.1 Requirements of the psychological questionnaires 

Psychological questionnaires chosen for this study had to meet specific 

requirements of this study population: 

 

 Validated for ages 13 to 18 years inclusive with the same version of the 

questionnaire suitable across this age range  

 Validated for use in patients with JIA or if not, in another chronic 

disease  

 Suitable to administer every 6-12 months  

 Short forms that are easy to understand and quick to complete to 

reduce the burden on the patient  

 Quick to administer and score due to the large number of patients to be 

recruited  

 Good internal reliability. The Cronbach’s alpha should be at least 0.7 for 

a reliable test and ideally 0.8 or greater (Loewenthal, 2001). 

 Deemed user friendly and acceptable to use by adolescent patients with 

JIA and by their parents 
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4.3.1.2 Focus group structure 

Young person and parent focus groups were held to ensure the suitability of the 

questionnaire pack, aid the questionnaire pack development process and to allow 

patient input into the study design. 

 

Patients and parents were approached in clinic whilst waiting for their routine 

outpatient appointment. 11 patients and 11 parents were asked to review the 

proposed questionnaire packs, complete a feedback form and give any other 

feedback on the study in general. Table 4.5 lists the contents of each focus group 

questionnaire pack. The full version of the focus group questionnaire pack can be 

found in Appendix A. 
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Patient Focus Group Pack Parent Focus Group Pack 

 

 Information sheet 

 Patient feedback form 

 MFQ-C 

 WEMWBS 

 STAI –State and Trait 

 CLES 

 

 Information sheet 

 Parent feedback form 

 MFQ-P 

 SIPA 

 PSS 

Table 4.5 Contents of the patient and parent focus group questionnaire pack.  

Mood and feelings questionnaire –child/parent (MFQ-C/P), Warwick and Edinburgh 

mental wellbeing scale (WEMWBS), state-trait anxiety inventory (STAI); Coddington life 

events scale (CLES), stress index for parents of adolescents (SIPA), parental stress scale 

(PSS). 

 

4.3.2 Recruitment strategy 

We aimed to recruit 100 adolescent JIA patients and 50 adolescent healthy 

controls. Each study participant was asked to donate a 15 ml blood sample and to 

complete a psychological questionnaire pack. Patients were then followed up 6 

months later (or at their next hospital appointment after this time period). For 

patients, clinical information was also collected at each study visit (see section 

4.3.4 below). 

 

4.3.2.1 Study power 

In order to determine the number of patients needed to power a study a power 

calculation is usually carried out using data from a preliminary study. A power 

calculation consists of the following components; the minimum effect size 

(typically 10—20%), significance level (typically p≤0.05), power (typically 80-

95%) and the expected standard deviation (based on preliminary studies).  

However, for this study, no preliminary data were available. We therefore based 

recruitment targets on the numbers recruited in similar studies and what was 

feasible for this study. In a study by Cohen et al (2012), stressful life events, 
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glucocorticoid sensitivity and cytokine levels were studied in response to 

rhinovirus infection in 79 healthy adults controlling for age, body mass index, 

season, race, sex, education and type of virus (Cohen et al., 2012). In a study 

investigating exhaustion, cytokine release and glucocorticoid sensitivity, 166 adult 

males were recruited and in a separate study investigating chronic stress and 

glucocorticoid sensitivity 25 adults experiencing chronic stress were recruited as 

well as 25 ‘low stress’ adults (Wirtz et al., 2003, Miller et al., 2002). We therefore 

considered it appropriate to set the recruitment target at 100 JIA patients and 50 

healthy controls. These numbers fit with participant numbers in other similar 

studies, allow confounding variables to be taken into consideration in the 

statistical analysis and are feasible in terms of the number of patients that can be 

recruited from the adolescent rheumatology outpatient clinic at UCLH and the 

number of healthy controls that can be recruited from local secondary schools. 

 

4.3.2.2 Patient eligibility criteria 

Patients attending the UCLH adolescent rheumatology clinic were recruited if aged 

13-18 inclusive, if not recently treated with steroids and if they had one of the 

following ILAR diagnoses of JIA; 

 

 Systemic onset JIA   

 Oligoarticular JIA   

 Extended oligoarticular JIA  

 Polyarthritis (RF positive or negative) 

 Psoriatic arthritis  

 Enthesitis related arthritis (ERA) 

 

4.3.2.3 Healthy control eligibility criteria 

Healthy controls were recruited from local high schools if they were aged 13-18 

with no autoimmune or inflammatory disease or recent infection. Several adult 

healthy controls were recruited to provide blood samples for laboratory 

optimization steps below.  
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4.3.3 Questionnaire administration and scoring 

4.3.3.1 Questionnaire administration 

Questionnaires were administered to patients and to their parent/guardian if 

present at their routine outpatient hospital appointments. Patients were followed 

up 6 months later (or at their next hospital appointment after this time period). All 

patients were asked to complete the questionnaires on their own without help 

from their parent/guardian and all parents were asked to complete the parent 

questionnaire without any input from their child. This was to prevent the parent’s 

views influencing their child’s answers and vice versa. 

 

4.3.3.2 Questionnaire scoring 

For scoring of individual questionnaires, see Table 4.2. When patients and healthy 

controls scored over the cut off for life event stressors, depressive symptoms or 

state anxiety (Table 4.2), they were considered for further psychological support. 

For patients, their rheumatologist was notified of the patient scoring over the cut 

off score and was asked to discuss further psychological support (for example, 

referral to a psychologist) with the patient at their next routine appointment.  For 

healthy controls scoring over the cut off scores, their general practitioner was 

notified and was asked to discuss further psychological support with that 

individual.  

 

Items on the CLES were identified as being ‘controllable’ or ‘uncontrollable’ based 

on whether or not an individual has to make a conscious action or effort to achieve 

that life event or result in that life event happening. The following items were 

identified as being controllable life events; 21-23, 25-29, 31, 34-36, 38-50 (item 

numbers can be found in Appendix A). All other life events were classified as being 

uncontrollable.  
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Questionnaire Domain Score 

range 

Score interpretation  Cut off scores 

CLES Life event 

stress 

0+ Higher score means 

more stress 

experienced 

For 12 month 

score: 

Age 13: 135 

Age 14-16: 170 

Age 17-18: 200 

STAI – State State anxiety 20-80 Higher score means 

higher state anxiety 

 

50+ 

STAI – Trait Trait anxiety 20-80 Higher score means 

higher trait anxiety 

 

 

MFQ-C Depression 0-26 Higher score means 

lower mood 

8+ 

MFQ-P Depression 0-26 Higher score means 

more depressive 

symptoms  

When combined 

with child’s score: 

12+ 

WEMWBS Mental 

wellbeing 

14-70 Higher score means 

better metal 

wellbeing 

 

RS-14 Resilience 14-98 Higher score means 

higher resilience 

level 

 

PSS Parental 

stress  

18-90 Higher score means 

more parental 

stress experienced 

 

Table 4.6 Scoring of psychological questionnaires. 

Coddington Life Events Scale (CLES), State-Trait Anxiety Inventory (STAI), Mood and 

feelings questionnaire –child/parent (MFQ-C/P), Warwick and Edinburgh Mental 

Wellbeing Scale (WEMWBS), Resilience Scale 14 (RS-14), Parental Stress Scale (PSS). 
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4.3.4 Clinical data collection for patients 

For patients, clinical information was also collected on the same date of 

questionnaire completion. The following variables were recorded: 

 Disability (CHAQ) (score 0-3)  

 Number of swollen, limited and active joints as assessed by an adolescent 

rheumatologist 

 PGE (0-10cm) 

 Patient pain VAS (0-10cm) 

 Physician global assessment (physician VAS) (0-10cm) 

 Medication 

 ESR 

 CRP  

 

When there was no physician VAS recorded in the patient’s letter or notes, a 

retrospective physician VAS was generated. Two adolescent rheumatologists were 

asked to independently assess the patient letter from that visit and estimate a 

physician VAS. The average score was then used. 

 

4.3.4.1 Ethical approval 

The final protocol and questionnaires as shown in Appendix A were incorporated 

into the umbrella project ‘Pathogenesis of autoimmune rheumatic disease in 

adolescents and adults’ – REC 11/LO/0330 - as a substantial amendment with the 

protocol and questionnaires approved by the Harrow National Research Ethics 

Committee. All patients were recruited from UCLH, London, UK. 

4.3.5 Statistical analysis of psychological and clinical data 

Data were analysed using GraphPad Prism version 5 and SPSS version 21. Data 

were described using the median and IQR of the population as well as frequency 

and percentages. Data were tested for normal distribution by Kolmogorov–

Smirnov test and were log transformed to ln (measure+1) if not normally 

distributed. 
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4.3.5.1 Exploratory analysis 

Associations between demographic, psychological and clinical data were analysed 

by Mann Whitney, Fisher’s exact test (if only two categorical variables) or Chi 

squared test (if more than two categorical variables) with a Z score post hoc test (a 

Z score over 1.96 indicated statistical significance). Correlations were analysed by 

Spearman’s rank correlation. Bonferroni correction was calculated as 

[0.05/number of tests]. 

 

4.3.5.2 Variable selection for psychological parameters to include in the 

regression analyses 

To aid in selection of psychological variables to include in regression analyses, 

correlations between potential psychological and disease activity parameters were 

explored. An exploratory p value cut off of 0.2 (rather than 0.05) was used. Any 

correlations with p values of 0.2 and under were considered for inclusion in the 

regression analyses. 

 

4.3.5.3 Regression analyses 

A separate regression model was generated for each psychological/clinical 

association explored. Data were not log transformed to aid interpretation. Both 

standardised and unstandardised β coefficients are given. The unstandardised β 

coefficient represents how many units the dependent variable changes in relation 

to a one unit increase in the independent variable. As different independent 

variables utilise different units it is not possible to compare the strength of the 

association of different independent variables with one dependent variable across 

these measures with the unstandardised β coefficient. The standardised β 

coefficient shows how many standard deviations the dependent variable changes 

for a one standard deviation increase in the independent variable. Therefore, the 

standardised β coefficients allow comparison of the strength of the different 

associations between one dependent variable and several different dependent 

variables from different models.  
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Collinearity was checked for all final models and was considered unproblematic if 

tolerance was greater than 0.1, the variance inflation factor was less than 10 and if 

the condition index was less than 30 (Ho, 2006). The studentised residuals were 

generated to check the fit of the model. Studentised residuals were plotted against 

each of the covariates included in the model, the independent variable and the 

unstandardized predicted value. A good fit was indicated by residuals being 

randomly distributed about an average residual of zero with no pattern or trend 

being seen (Wade, 2014). 

 

4.4 Results 

4.4.1 Optimisation of the psychological questionnaire pack 

In order to quantify the psychological health of adolescent JIA patients, a pack of 

validated psychological questionnaires needed to be compiled to assess stress, 

anxiety, depression, resilience and wellbeing.  

 

In order to achieve this, numerous different questionnaires measuring each 

domain were first considered for initial suitability based on age appropriateness 

and time burden; the questionnaires needed to be quick to complete and quick to 

score. Next, the development papers for each questionnaire were assessed for 

reliability and validation papers were assessed for use in similar populations.  

Questionnaires meeting the above criteria were then discussed with a focus group 

of adolescent JIA patients and their parents to assess questionnaire 

appropriateness and acceptability. Feedback from this focus group was then 

incorporated into the final psychological questionnaire pack.  

 

4.4.1.1 Questionnaires considered for inclusion 

The inclusion criteria and selection process for psychological questionnaires are 

described in Figure 4.3. The first inclusion criteria for psychological questionnaires 

were (Figure 4.3, stage 1 criteria); 

 Validated for ages 13 to 18 years inclusive with the same version of 

the questionnaire suitable across this age range  
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 Short forms that are easy to understand and quick to complete to 

reduce the burden on  the patient  

 Quick to administer and score due to the large number of patients to 

be recruited  

 

 

 

Figure 4.3 Psychological questionnaires inclusion criteria and selection process. 

 

Questionnaires that met these inclusion criteria are the Coddington Life Events 

Scale (adolescent version) (CLES) (Coddington, 1999), the Parental Stress Scale 

(PSS) (Berry, 1995), the Stress Index for Parents of Adolescents (SIPA) (Sheras and 

Abidin, 1998), the State Tait Anxiety Inventory (STAI) (Spielberger, 1977), the 

Beck Depression Inventory (BDI) (Beck et al., 1961), the short Mood and Feelings 

Questionnaire (MFQ) (Angold, 1995) and the Warwick and Edinburgh Mental 

Wellbeing Scale (WEMWBS) (Tennant et al., 2007). These questionnaires are 

described in Table 4.7. 
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Test Domain Version 

 

Age Time to 

complete 

(minutes) 

Measures of stress 

CLES Important life 

events 

CLES-A 

 

13-19 15 

PSS Parent stress Short version Parents of 

children 

under 18 

10 

SIPA 

 

Parent stress One version Parents of 

children 

aged 11-19 

20 

Measures of anxiety 

STAI State anxiety and 

trait anxiety 

One version 13+ 20 

Measures of depression 

BDI-II Depression Second version 

(BDI-II) 

13-80 10 

MFQ Depression  

Child self report 

- short version 

(MFQ-C) 

8-18 10 

 

Parent self 

report – short 

version (MFQ-P) 

 

Measures of wellbeing 

WEMWBS General Mental 

Wellbeing 

One version 13+ 5 

Table 4.7 Psychological questionnaires meeting initial inclusion criteria. 

Coddington Life events Scale (CLES), Parental Stress Scale (PSS), Stress Index for parents 

of Adolescents (SIPA), State Trait Anxiety Inventory (STAI), The Beck Depression 

Inventory II (BDI II), Short Mood and Feelings Questionnaire – child version (MFQ-C), 

Short Mood and Feelings Questionnaire – parent version (MFQ-P), Warwick and 

Edinburgh Mental Wellbeing Scale (WEMWBS). 
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4.4.1.2 Reliability and validity of questionnaires considered for inclusion 

The next inclusion criteria considered were (Figure 4.3, stage 2 criteria); 

 Validated in or used in a previous study of an adolescent population 

 Validated in or used in a previous study of patients with JIA or if not, in 

another chronic disease  

 Good internal reliability. The Cronbach’s alpha should be at least 0.7 for a 

reliable test and ideally 0.8 or greater (Loewenthal, 2001). 

 

The development papers, validation papers and Chronbach’s alpha scores for the 

questionnaires considered for inclusion in this study are listed in Table 4.8.  All 

questionnaires showed good internal reliability (Chronbach’s alpha score >0.8). 

Additionally, all questionnaires were validated or previously used in a population 

of either healthy adolescents (CLES, PSS, STAI, WEMWBS) or adolescents with 

another chronic disease (SIPA).  

 

The BDI was consequently removed from the questionnaire pack due to the high 

false positive rate found for adolescents (Young et al., 2010). Both the PSS and 

SIPA measure the same domain and both met most inclusion criteria. The 

advantage of using SIPA is that it has been previously used in studies of parents of 

adolescents with chronic diseases whereas this is not the case for PSS. However, it 

takes 10 minutes longer to complete. The PSS is a shorter scale and  more user-

friendly. However, this scale is less widely used and has not been used in parents 

of adolescents with a chronic disease. To help decide on which scale to use, both 

were taken forward to the focus group.  
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Questionnaire Age Domain Development paper Internal consistency 

(Cronbach’s alpha) 

Validation papers in 

similar populations 

Selection process 

Measures of stress 

CLES 

 

13-19 Important 

life events 

(Coddington, 1999) NA Validated in an adolescent 

population 

(Villalonga-Olives et al., 

2010, Villalonga-Olives et 

al., 2011). 

A widely used objective 

measure of stressors. 

PSS 18 and 

under 

Parental 

stress 

(Berry, 1995) 0.83 (Berry, 1995) Used in parents of healthy 

adolescents (Wynne et al., 

2016). Not widely used 

A shorter and simpler 

questionnaire than the PSS. 

 

SIPA 11-19 Parental 

stress 

(Sheras and Abidin, 

1998) 

0.89 (Sheras and 

Abidin, 1998) 

Validated in adolescents 

with a chronic disease 

(Logan et al., 2006, 

Guilfoyle et al., 2010). 

Validated for use in 

adolescents with a chronic 

disease. 

Takes 10 minutes longer to 

complete than the PSS. 

Measures of anxiety 

STAI 13+ 

 

State and 

trait anxiety 

(Spielberger, 1999, 

Spielberger, 1983, 

Spielberger, 1977) 

 

 

State anxiety 0.92 

Trait anxiety 0.91 

(Spielberger, 1999, 

Spielberger, 1983, 

Spielberger, 1977) 

 

 

Validated in an adolescent 

population (Spielberger, 

1977) 

Validated in adolescent 

populations and wisely used 

in populations of patients 

with arthritis. User-friendly 

format. 
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Questionnaire  

(continued) 

Age 

(continued) 

Domain 

(continued) 

Development paper 

(continued) 

Internal consistency 

(Cronbach’s alpha) 

(continued) 

Validation papers in 

similar populations 

(continued) 

Selection process 

(continued) 

Measures of depression 

MFQ 8-18 

 

Depression (Angold, 1995, 

Messer, 1995) 

 MFQ-C: 0.85 

MFQ-P: 0.87 

(Angold, 1995, 

Messer, 1995) 

Validated in an adolescent 

population (Rhew et al., 

2010, Angold, 1995) 

Validated in adolescent 

patients with JIA 

(Stevanovic and Susic, 

2013, Lal et al., 2011) 

MFQ to be used instead of 

the BDI. The MFQ is also 

used in CAPS so we can 

compare between 

populations. 

Comparable and equivalent 

child and parent versions. 

BDI 13-80 Depression (Beck et al., 1961) 0.82-0.90 (Stockings 

et al., 2015) 

Validated in an adolescent 

population (Byrne and 

Baron, 1993, Stockings et 

al., 2015)  

Validated in adolescent 

patients with JIA (Gurcay 

et al., 2009, David et al., 

1994) 

 

 

High false positive rate for 

adolescents (Young et al., 

2010) 

More items and takes longer 

to complete than the MFQ.  

The MFQ is also used in 

CAPS so we can compare 

between populations. This is 

not possible with the BDI. 
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Table 4.8 Development and Validation of questionnaires considered for inclusion in this study. 

The selection process for each questionnaire is also briefly summarised. 

Coddington Life events Scale (CLES), Parental Stress Scale (PSS), Stress Index for parents of Adolescents (SIPA), State Trait Anxiety Inventory (STAI), 

Short Mood and Feelings Questionnaire – child version (MFQ-C), Short Mood and Feelings Questionnaire – parent version (MFQ-P), Warwick and 

Edinburgh Mental Wellbeing Scale (WEMWBS), not applicable (NA). 

 

 

 

Questionnaire 

(continued) 

Age 

(continued) 

Domain 

(continued) 

Development paper 

(continued) 

Internal consistency 

(Cronbach’s alpha) 

(continued) 

Validation papers in 

similar populations 

(continued) 

Selection process 

(continued) 

Measures of wellbeing 

 

WEMWBS 

 

13+ 

 

Positive 

aspects of 

mental 

wellbeing 

 

(Tennant et al., 

2007) 

 

0.89 

(Tennant et al., 

2007) 

 

Validated in an adolescent 

population (Tennant et al., 

2007, Stewart-Brown, 

2008, Clarke et al., 2011) 

 

User friendly and validated 

for use in adolescents. 
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4.4.1.3 Focus group feedback 

A focus group of 11 adolescent JIA patients and their parents was then held. 

Participants were asked to review the proposed questionnaire packs for 

acceptability, user-friendliness and content (Figure 4.3, stage 3 criteria). 

Questionnaires included in the focus group questionnaire pack were the CLES, 

STAI, MFQ-C, MFQ-P WEMWBS, SIPA and PSS. Both patients and parents 

responded very positively to the proposed study and the questionnaire pack. The 

main outcomes from the feedback group were that patients and parents felt that it 

is important to study how and why psychological distress affects JIA, that more 

open ended questions should be included in the questionnaire pack to help 

participants explain how stress affects them and that the PSS is a more user-

friendly questionnaire to use than the SIPA as a measure of parental stress. Table 

4.9 summarises the results of the feedback group and comments made. 

 

 

4.4.1.3.1 Changes from the focus group incorporated into the final 

questionnaire pack 

In response to the feedback from parents and patients, the questions in Table 4.10 

were incorporated into the final questionnaire pack (Appendix A). 
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Question Patient Responses Parent responses 

How important do you think it 

is to study how stress affects 

teenagers with arthritis? Scale 

1-7 

(1 – unimportant through to 7 

extremely important) 

Mean score                            5.9 

 

“I feel when I’m stressed my arthritis gets much worse” 

 

“People forget how pain can be caused by mental 

wellbeing too” 

 

Mean score                            6.5 

 

“I have seen first hand how stress makes my daughters 

condition worse” 

 

“It is hugely important – there are many aspects to stress; 

external factors, issues related to treatment protocols etc” 

 

“Arthritis has an emotional and physical effect” 

 

“My daughter has special needs so finds it more difficult to 

express how she feels emotionally but I see very clearly that 

she has become more depressed since her arthritis has got 

worse” 

Were the questions relevant for 

your age? 

Score 1-7 

(1 – not at all relevant through 

to 7 - extremely relevant) 

Mean score                            5.9 

“They helped me explain how I feel because I am not 

coping very well” 

 

 

Did the questions cover 

everything you would have 

liked? 

 Yes                                               7 

No                                           4 

“It should also ask about the parents feelings about their 

child’s arthritis, suffering and treatments” 
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Question (continued) Patient Responses (continued) Parent responses (continued) 

What did you think of the length 

of the questionnaire pack? 

Too long                                       4 

Too short                                     0 

Okay                                              7 

Too long                                          5 

Too short                                        0 

Okay                                                 6 

When do you think it is best to 

fill out these questionnaire 

packs? 

 

Before your appointment        4 

After your appointment           2 

At home                                         4 

Before your appointment          5 

After your appointment             3 

At home                                           5 

Any other comments? 

 

Patients suggested including the following open ended 

questions: 

 

“Ask if going to counselling or any other activities that 

help you relax and how that has affected your 

symptoms.” 

 

“How does the young person deal with stress?” 

 

“ What causes and cures have you found?” 

 

“Ask about exams: 

Do you get stressed during exams? 

Does your arthritis flare up? 

Have you missed any exams due to your arthritis?” 

10 out of 11 parents felt that the SIPA was too long and 

complicated to fill out. It is not relevant for all parents i.e. 

single parents 

 

“All patients are genetically different and should be looked at 

individually. Doctors tend to generalize and treat all patients 

the same. 

Psychology is complicated and can’t be summarised as a score 

or percentage. Need to ask open ended questions because 

questionnaires alone don’t cover everything.” 

Parents suggested including the following questions: 

 

“Ask whether it is the father or mother filling out the 

questionnaire and if they feel that they are the ‘closer parent’” 
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Table 4.9 Feedback from the parent and patient focus group. 

11 patients with JIA (aged between 13 and 18, 9 female and 2 male) and 11 parents were asked to give feedback on the study design and 

questionnaire pack. Patient and parent comments are shown as quotations. The response to visual analogue scale questions is shown as the 

mean response.   

Question (continued) Patient Responses (continued) Parent responses (continued) 

Any other comments? 

(continued) 

 

 “Directly ask if stress affects their child’s arthritis. Use a scale 

1-7 

Ask how the arthritis affects their child’s behaviour” 

 

“Ask about any lifestyle changes made and how they have 

helped their child’s symptoms and mental wellbeing. 

Directly ask what worries you have as a parent about your 

child’s arthritis” 

 

Ask what lifestyle changes you have made as a family and 

what modifications you have made around the home to help 

with your child’s arthritis.” 

 

“Ask about the stress of being a working parent and living 

with a disabled child; financial burden, emotional effect, 

annual leave spent in hospital appointments and sitting in the 

home whilst tutors visit the house, stress of seeing child not 

socializing with friends because of physical restrictions and 

feeling embarrassed about their arthritis.” 
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Patient questionnaire pack Parent questionnaire pack 

Do you think that stress affects your arthritis? 

Scale 0-10 (0 – not at all through to 10 very 

much so) 

 

Have you previously used any psychological 

support? Please describe if yes. 

How helpful was this and did your symptoms 

improve at all? 

 

Have you tried to do anything apart from 

taking your medication to help you feel better 

about your arthritis? Please describe if yes. 

How helpful was this and did your symptoms 

improve at all? 

 

How do you usually deal with stress? 

 

What year in school are you in? 

When are your next exams? 

Which exams are these? 

Does your arthritis usually get worse during 

exams? 

(Yes always/sometimes/never) 

 

Do you think that stress affects your child’s 

arthritis? Scale 0-10 (0 – not at all through to 

10 very much so) 

 

Has your child previously used any 

psychological support? Please describe if yes. 

How helpful was this and did your child’s 

symptoms improve at all? 

 

Have you tried to do anything to help your 

child feel better about their arthritis (apart 

from taking medication)? Please describe if 

yes. 

How helpful was this and did your child’s 

symptoms improve at all? 

 

What worries do you have as a parent about 

your child’s arthritis? 

Table 4.10 Questions incorporated into the final questionnaire packs from the 

focus group 

11 patients with JIA (aged between 13 and 18, 9 female and 2 male) and 11 parents 

were asked to give feedback on the study design and questionnaire pack. Suggested 

questions that were incorporated into the final questionnaire packs are shown. 

 

4.4.2 Final questionnaire pack 

The final patient questionnaire pack included the CLES, MFQ-C, STAI, WEMWBS as 

well as questions listed in Table 4.10. The final parent questionnaire pack included 

the MFQ-P, PSS as well as the questions listed in Table 4.10. An equivalent 

questionnaire pack for healthy controls was also made including the CLES, MFQ-C, 
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STAI, WEMWBS. Full copies of all three questionnaire packs can be found in 

Appendix A.  

 

4.4.3 Cut off score selection  

In order to identify patients that may be at risk of psychological distress, cut off 

scores had to be chosen. For the CLES, age-dependent cut off scores are provided 

with the scale which represent the 75th percentile score for that age group; 135 

points for 13 years, 170 points for 14-16 years, 200 points for 17-19 years. For the 

STAI, no cut off scores are supplied with the scale so a literature search was 

carried out to see which cut off scores other studies have used. It has been 

proposed that a cut off score of 54 is a clinically relevant score for anxiety in 

elderly care patients (Kvaal et al., 2005). However, this cut off score has not been 

validated in an adolescent population. Rondo et al. (2004) proposed a cut off score 

of 40 for pregnant adolescents but this was not validated (Rondo et al., 2004). The 

recommendation by Professor Christie was that a clinically relevant state anxiety 

score for adolescent patients is 50 and so this was the score that was chosen. For 

the MFQ-C, again no cut off scores is supplied with the questionnaire. After 

carrying out a literature search a widely accepted cut off score was found. Angold 

(1995), the author of the questionnaire, used a cut off score of 8 for the MFQ-C in 

his study. When a parental score was also available, a cut off score of 12 was used 

for the combined MFQ-C and MFQ-P score. This combined score is considered 

more accurate than either score alone (Angold, 1995).  For the WEMWBS, no cut 

off scores were supplied with the scale but the NHS recommends that a score of 

under 32 is very low and is a cause for concern (Stewart-Brown, 2008). For the PSS 

no cut offs are necessary. 

 

4.4.4 Assessing resilience.  

After 7 months of recruiting patients, it was decided that a questionnaire 

measuring resilience should also be added to the current patient questionnaire 

pack. By also having a resilience score, the degree by which the life event stressors 

measured in the CLES that may affect the individual can be more fully understood. 

If an individual has a high CLES score but has low resilience they may be more 
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affected by stress than someone with an identical stress score but high resilience 

score. It is therefore also possible that this may manifest as different biological and 

clinical profiles in this study.  

 

Table 4.11 describes resilience scales considered for inclusion. The Resilience 

Scale 14 (RS-14) (Wagnild, 2011) was chosen for inclusion as it is age-appropriate 

for this study, has a high Chronbach’s alpha score and has a small number of items 

meaning low patient burden. Cut off scores are not necessary for The Resilience 

Scale.  
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Questionnaire Age Number 

of items 

Development paper Validation papers in similar 

populations 

Cronbach’s alpha Selection process 

AQR 11-19 74 (Gartland et al., 

2011). 

Developed in an adolescent 

population with chronic disease 

(Gartland et al., 2011). 

0.9 (Gartland et al., 

2011). 

Too many items. 

ARS Older 

adolescents 

21 Developed in a 

student population 

aged 19-23 years 

(Oshio et al., 2003). 

Only valid for use in older 

adolescents. 

 

0.85 (Oshio et al., 

2003). 

Only valid for use in 

older adolescents. 

 

Resilience scale 13+ 25 item (Wagnild and Young, 

1993). 

 

Used in an adolescent population 

with chronic disease (Lee et al., 

2014). 

0.85-0.94 (Wagnild, 

2011). 

 

Widely used and valid 

for use in a population 

of adolescents with 

chronic disease. 

Resilience scale 

short version 

(RS-14) 

13+ 14 item (Wagnild, 2011). 

. 

Used in an adolescent population 

(Pritzker and Minter, 2014) 

0.91-0.94 (Wagnild, 

2011). 

 

Shorter version, less 

patient burden. 

READ 13-18 28 item (Hjemdal et al., 2006). Developed in an adolescent 

population (Hjemdal et al., 2006). 

0.83 (Hjemdal et al., 

2006). 

Longer than the RS-14 

RSCA 9-18 years 3 x 20 

items 

(Prince-Embury, 

2006, 2007). 

Developed in an adolescent 

population (Prince-Embury, 2006, 

2007). 

0.85-0.93 (Prince-

Embury, 2006, 

2007). 

Too many items 

Table 4.11 Resilience scales considered for inclusion.  

Adolescent resilience questionnaire (ARQ), Adolescent resilience scale (ARS), Resilience scale (RS), Resilience scale for adolescents (READ), 

Resilience scales for children and adolescents (RSCA).  
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4.4.5 Psychological health of adolescent JIA patients and adolescent healthy 

controls 

Following the development of the psychological questionnaire pack, patient and 

healthy control recruitment began. We aimed to recruit 100 adolescent JIA 

patients with matched psychological questionnaire packs, clinical data and blood 

samples along with 50 adolescent healthy controls with matched psychological 

questionnaires and blood samples.  

 

Previous studies exploring the psychological health of JIA patients have focussed 

on either a pre-adolescent population of children or, more commonly, a mixed 

population of children and adolescents. As we know that psychological health 

problems often become apparent during adolescence, the results from these 

studies may not accurately portray the specific psychological health profile and 

needs of adolescents with JIA as opposed to children with JIA. We therefore 

profiled the psychological health of a purely adolescent population of JIA patients 

and compared this to the psychological health profile of adolescent healthy 

controls.  

 

4.4.5.1 Recruitment 

145 patients were recruited to this study. 9 patients were consequently excluded; 

1 patient was re-diagnosed as a juvenile systemic lupus erythematosus and 8 

patients were taking oral prednisolone. 136 patients therefore remained in the 

study. 

 

At the first study visit, 136 patients completed the psychological questionnaire and 

100 of these patients also donated a blood sample. 88 healthy controls completed 

the psychological questionnaire and 50 also donated a matching blood sample on 

the same day.  

4.4.5.2 Data analysis overview 

An overview of the data analysis for chapter 4 can be found in Figure 4.4. 
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Continued on next page. 

 



151 

 

 

 

 

 

 

4.4.5.3 Demographics 

The age, gender and ethnicity of all patients and healthy controls at the first study 

visit are shown in Table 4.12. For JIA patients, the gender and education level of 

parents completing the parent questionnaire pack was recorded. As there was no 

parent questionnaire pack for healthy controls, there is no parent gender 

information recorded. Healthy controls were asked to record their parents’ highest 

level of education. After correcting for multiple tests (Bonferroni corrected 

significance level p=0.01), patients and healthy controls were comparable in terms 

Figure 4.4 Overview of data analysis in chapter 4  

Inter quartile range (IQR), visual analogue scale (VAS). 
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of age, gender and parental level of education. More JIA patients were Caucasian 

and less were of mixed ethnicity when compared to healthy controls.  

 

Table 4.12 Demographic and clinical data for adolescent healthy controls 

adolescent JIA patients and their parents. 

Demographic data were compared by Mann Whitney, Chi squared and Fisher’s exact 

test.  N=88 adolescent healthy controls. N=136 adolescent JIA patients. 

4.4.5.4 Psychological health profiles of patients and healthy controls 

JIA patients and healthy controls had comparable psychological health scores for 

state anxiety, trait anxiety, depressive symptoms, wellbeing and resilience (Table 

 Adolescent Healthy 

Controls 

(N=88) 

Adolescent JIA Patients 

(N=136) 

Difference 

Median 

(IQR) 

N (%)  Median 

(IQR) 

N (%)   

Age (Years) 16  

(16-17) 

88 17  

(16-18) 

136 0.820 

Gender 

Male 

Female 

  

41 (46.6%) 

47 (53.4%) 

  

65 (47.8%) 

71 (52.2%) 

0.892 

Ethnicity 

Caucasian  

Mixed 

Asian 

African/Caribbean  

Other 

 

 

 

55 (62.5%) 

  4   (4.5%)  

18 (20.5%) 

  6   (6.8%) 

  5   (5.7%) 

  

107 (78.7%) 

    4   (2.9%) 

 16 (11.8%) 

    5   (3.7%) 

    3   (2.2%) 

<0.001 

Parent level of education 

Secondary 

school/less 

College or equivalent 

University degree/ 

higher 

Unknown 

  

13 (14.8%) 

 

29 (33.0%) 

45 (51.1%) 

 

1 (1.1%) 

  

28 (20.6%) 

 

44 (32.4%) 

34 (25.0%) 

  

 30 (22.1%) 

 

P=0.016 

Parent gender 

Male 

Female 

    

26 (19.1%) 

87 (64.0%) 
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4.13). After correcting for multiple tests (Bonferroni corrected significance level 

p=0.004), JIA patients were found to experience significantly lower levels of life 

event stressors. To further explore this difference, items on the life event scale 

were classified as either controllable (for example getting a sports prize or failing a 

grade in school) or uncontrollable (for example death of a grandparent or major 

decrease in parental income). JIA patients were found to experience significantly 

lower levels of controllable life events when compared to healthy controls with no 

difference in uncontrollable life event scores. 
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 Adolescent Healthy Controls 

(N=88) 

Adolescent JIA Patients 

(N=136) 

Difference 

Median (IQR) N (%) Median (IQR) N (%)  

Life Events (CLES) 223.5 (101.5-377.5) 88 182 (70-283) 135 P=0.017 

CLES cut off 

Above  

Below 

  

52 (59.1%) 

36 (40.9%) 

  

62 (45.6%) 

73 (53.7%) 

 

P=0.037 

Controllable Life Events (CLES) 136.5 (60-216) 88 75 (27-158) 135 P=0.001 

Uncontrollable Life Events 

(CLES) 

96 (25-147) 

 

88 75 (26-143) 

 

135 P=0.549 

Total anxiety (STAI) 77 (64-88) 

 

88 70 (55-91) 

 

134 P=0.117 

State anxiety (STAI-State) 35.5 (28-41) 88 33 (26-43) 135 P=0.380 

STAI-state cut off 

Above  

Below 

  

 7  (8.0%) 

81 (92.0%)  

  

  20 (14.7%) 

116 (85.3%) 

 

P=0.146 

Trait anxiety  (STAI-Trait) 41 (33-49.5) 

 

88 37.9 (28-48) 134 P=0.055 

Depressive symptoms (MFQ-C) 4 (2-7) 88 3 (1-7) 135 P=0.238 

SMFQ-C cut off 

Above  

Below 

  

19 (21.6%) 

69 (78.4%) 

  

  33 (24.3%) 

102 (75.0%) 

 

P=0.746 
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 Adolescent Healthy Controls 

(N=88) (continued) 

Adolescent JIA Patients 

(N=136) (continued) 

Difference 

 Median (IQR) N (%) Median (IQR) N (%)   

Wellbeing  (WEMWBS) 50 (44-56) 87 51 (42-57) 134 P=0.721 

Resilience (RS-14) 77 (68-84) 61 72.5 (59-84) 42 P=0.454 

Parent report of child’s 

depressive symptoms (MFQ-P) 

 0 3 (0-7) 110  

Parental stress (PSS)  0 33 (27-41) 110  

Table 4.13 Psychological health of adolescent healthy controls, adolescent JIA patients and parental psychological reports. 

The cut off score used for CLES was age dependent (135 points at 13 years, 170 points at 14-16 years, 200 points at 17-18 years. The cut off 

score for STAI-S was 50 and for MFQ-C was 8 points. Psychological health scores were compared by Mann Whitney and Fisher’s exact test. .  

N=88 adolescent healthy controls. N-=135 adolescent JIA patients. Coddington Life Event Scale (CLES), State Trait Anxiety Inventory (STAI), 

Short Mood and Feelings Questionnaire – child version (MFQ-C), Warwick and Edinburgh Mental Wellbeing Scale (WEMWBS), Resilience Scale 

14 (RS-14), Parental Stress Scale (PSS), Short Mood and Feelings Questionnaire – parent version (MFQ-P) 

.  
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4.4.5.4.1 The association between psychological health and demographic 

information 

We next explored the association between psychological health scores and age, 

gender, ethnicity and parent’s level of education for both JIA patients and healthy 

controls. For healthy controls, age was significantly associated with total life event 

scores (r=0.323, p=0.002), total anxiety (r=0.244, p=0.022), state anxiety (r=0.265, 

p=0.013) and wellbeing (r=-0.303, p=0.004).  

 

However, after correcting for multiple tests (Bonferroni corrected significance 

level p=0.005), only life event score and wellbeing remained significantly 

associated with age (Figure 4.5). For healthy controls, no other psychological 

health parameters associated with age. For JIA patients there were no associations 

between psychological health parameters and age.  
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Figure 4.5 The association between psychological measures and age for 

adolescent healthy controls. 

Data were analysed using Spearman’s rank correlation. The life event score was log 

transformed to ln (measure + 1). Bonferoni corrected significance level was p=0.005. 

N=88 adolescent healthy controls.  * p≤0.05, ** p≤ 0.01, *** p≤0.001. 

Coddington Life Event Scale (CLES), Warwick and Edinburgh Mental Wellbeing Scale 

(WEMWBS).  

 

 

Table 4.14 describes the gender differences in psychological health scores for 

healthy controls and JIA patients. After correcting for multiple tests (Bonferroni 

corrected significance level p=0.005), female JIA patients had significantly higher 

total life events scores, trait anxiety symptoms and depressive symptoms than 

male JIA patients. Female adolescent healthy controls had significantly higher 

anxiety scores and depressive symptoms than male adolescent healthy controls. 

 

4.3a 

4.3b 
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For both JIA patients and healthy controls, there were no significant differences in 

psychological health scores between patients of different ethnicities and between 

parental education levels. The psychological health scores of participants with 

their study visit within a month of their next exam were no different to those with 

their study visit not during exam period. 

 

The inter-correlations between psychological health scores were then explored 

(Table 4.15 and Table 4.16). As expected for both healthy controls and JIA patients, 

there were inter-correlations between all life event measures and all anxiety 

measures. For healthy controls, after correcting for multiple tests (Bonferroni 

corrected significance level p=0.002), all life event scores associated with all 

measures of anxiety and depressive symptoms.  All measures of anxiety associated 

with depression and wellbeing, and depression also associated with wellbeing. For 

JIA patients, after correcting for multiple tests (Bonferroni corrected significance 

level p=0.002), life event score associated with total anxiety, trait anxiety and 

depressive symptoms. All measures of anxiety associated with depressive 

symptoms and wellbeing, and depression also associated with wellbeing. 

Interestingly, for JIA patients but not healthy controls, resilience associated with 

all measures of anxiety, depression and wellbeing. 
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 Adolescent Healthy Controls 

(N=88) 

Adolescent JIA Patients 

(N=136) 

 Male 

Median (IQR) 

Female 

Median (IQR) 

Gender 

Difference 

Male 

Median (IQR) 

Female 

Median (IQR) 

Gender 

Difference 

Life Events  

(CLES) 
203 (94-375) 237 (142-381) P=0.311 116 (30-209) 210 (123-327) P<0.001 

Total anxiety  

(STAI) 
71 (57-79) 80.5 (73-92) P=0.001 62 (48-79.5) 75 (62-97) P=0.002 

State anxiety  

(STAI-State) 
33 (26-39) 38 (32-42) P=0.005 32 (23-40) 35 (30-47) P=0.031 

Trait anxiety  

(STAI-Trait) 
37 (30-46) 44 (38-51) P=0.004 30 (25-40) 40.5 (33-52) P<0.001 

Depressive symptoms 

(MFQ-C) 
3 (1-6) 4 (3-9) P=0.028 2 (0-5.5) 5 (2-8) P<0.001 

Wellbeing  

(WEMWBS) 
51 (46-57) 49.5 (40-54) P=0.102 52.5 (42.5-59) 49.5 (40-56) P=0.212 

Resilience  

(RS-14) 
75 (67-86) 78 (71-83) P=0.479 72.5 (62-84) 73 (59-84) P=0.866 

Table 4.14 Gender differences in psychological health scores for JIA patients and adolescent healthy controls. 

Psychological health scores were compared by Mann Whitney. Bonferroni corrected significance level p=0.005. N=88 adolescent healthy 

controls. N=136 adolescent JIA patients. Coddington Life Event Scale (CLES), State Trait Anxiety Inventory (STAI), Short Mood and Feelings 

Questionnaire – child version (MFQ-C), Warwick and Edinburgh Mental Wellbeing Scale (WEMWBS), Resilience Scale 14 (RS-14), Parental Stress 

Scale (PSS), Short Mood and Feelings Questionnaire – parent version (MFQ-P). 
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Table 4.15 Inter correlations between the psychological health scores of adolescent healthy controls. 

Psychological health scores were compared by Spearman’s Rank correlation. Disease activity measures, life events, anxiety, depression and 

resilience were log transformed to ln (measure + 1). Bonferroni corrected significance level p=0.002. N=88 adolescent healthy controls. 

Coddington Life Event Scale (CLES), State Trait Anxiety Inventory (STAI), Short Mood and Feelings Questionnaire – child version (MFQ-C), Warwick 

and Edinburgh Mental Wellbeing Scale (WEMWBS), Resilience Scale 14 (RS-14). 

 

 

Life Events  

(log CLES) 

r (p value) 

Total Anxiety 

(log STAI)  

r (p value) 

State Anxiety  

(log STAI-S) 

r (p value) 

Trait Anxiety  

(log STAI-T) 

r (p value) 

Depressive symptoms  

(log MFQ-C) 

r (p value) 

 

Wellbeing 

(WEMWBS) 

r (p value) 

Life Events  

(log CLES) 
- 

- - - - - 

Total Anxiety 

(log STAI) 
0.409 (p<0.001) 

- - - - - 

State Anxiety  

(log STAI-S) 
0.405 (p<0.001) 0.895 (p<0.001) 

- - - - 

Trait Anxiety  

(log STAI-T) 
0.346 (p=0.001) 0.927 (p<0.001) 0.695 (p<0.001) 

- - - 

Depressive 

symptoms  

(log MFQ-C) 

0.378 (p<0.001) 0.745 (p<0.001) 0.571 (p<0.001) 0.785 (p<0.001) 

- - 

Wellbeing 

(WEMWBS) 
-0.316 (p=0.003) -0.740 (p<0.001) -0.569 (p<0.001) -0.763 (p<0.001) -0.685 (p<0.001) 

- 

Resilience 

(RS-14) 
-0.286 (p=0.025) -0.055 (p=0.672) -0.099 (p=0.450) -0.031 (p=0.815) -0.101 (p=0.439) 0.025 (p=0.847) 
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Table 4.16 Inter correlations between the psychological health scores of adolescent JIA patients. 

Psychological health scores were compared by Spearman’s Rank correlation. Disease activity measures, life events, anxiety, depression and 

resilience were log transformed to ln (measure + 1). Bonferroni corrected significance level p=0.002. N=136 adolescent JIA patients, 

Coddington Life Event Scale (CLES), State Trait Anxiety Inventory (STAI), Short Mood and Feelings Questionnaire – child version (MFQ-C), Warwick 

and Edinburgh Mental Wellbeing Scale (WEMWBS), Resilience Scale 14 (RS-14).  

 

Life Events  

(log CLES) 

r (p value) 

Total Anxiety 

(log STAI)  

r (p value) 

State Anxiety  

(log STAI-S) 

r (p value) 

Trait Anxiety  

(log STAI-T) 

r (p value) 

Depressive 

symptoms  

(log MFQ-C) 

r (p value) 

 

Wellbeing 

(WEMWBS) 

r (p value) 

Life Events  

(log CLES) 

- - - - - - 

Total Anxiety 

(log STAI) 
0.261 (p=0.002) 

- - - - - 

State Anxiety  

(log STAI-S) 
0.218 (p=0.011) 0.954 (p<0.001) 

- - - - 

Trait Anxiety  

(log STAI-T) 
0.272 (p=0.002) 0.963 (p<0.001) 0.847 (p<0.001) 

- - - 

Depressive 

symptoms  

(log MFQ-C) 

0.345 (p<0.001) 0.718 (p<0.001) 0.642 (p<0.001) 0.747 (p<0.001) 

- - 

Wellbeing 

(WEMWBS) 
-0.129 (p=0.140) -0.753 (p<0.001) -0.720 (p<0.001) -0.732 (p<0.001) -0.606 (p<0.001) 

- 

Resilience 

(RS-14) 
0.163 (p=0.310) -0.756 (p<0.001) -0.735 (p<0.001) -0.686 (p<0.001) -0.309 (p=0.047) 0.589 (p<0.001) 



162 

 

 

4.4.5.5 The association between psychological health of adolescent JIA 

patients and parental psychological measures    

During recruitment, parents of JIA patients were asked to complete questionnaires 

measuring parental stress and a questionnaire reporting their child’s depressive 

symptoms.  It was not logistically possible to give out these questionnaires to 

parents of healthy controls. Demographic information for parents of JIA patients 

can be found in Table 4.12 and their psychological questionnaire scores in Table 

4.13. These parental psychological scores were then compared to the patient 

psychological health scores (Table 4.17). After correcting for multiple tests 

(Bonferroni corrected significance level p=0.003), parental stress was significantly 

associated with patient total and trait anxiety scores, depressive symptoms, 

wellbeing and the parental report of their child’s depressive symptoms (Table 

4.17). The parental report of their child’s depressive symptoms was significantly 

associated with the patient’s depressive symptoms, anxiety and wellbeing scores. 
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 Parental stress 

(PSS) 

 

r (p value) 

Parent report of child’s 

depressive symptoms (MFQ-P) 

 

r (p value) 

Life Events  

(CLES) 0.033 (p=0.730) -0.020 (p=0.816) 

Total anxiety  

(STAI) 0.302 (p=0.001) 0.386 (p<0.001) 

State anxiety  

(STAI-State) 0.271 (p=0.004) 0.339 (p<0.001) 

Trait anxiety  

(STAI-Trait) 0.296 (p=0.002) 0.392 (p<0.001) 

Depressive symptoms 

(MFQ-C) 0.313 (p=0.001) 0.382 (p<0.001) 

Wellbeing  

(WEMWBS) -0.322 (p=0.001) -0.365 (p<0.001) 

Resilience  

(RS-14) -0.422 (p=0.012) -0.388 (p=0.012) 

Parent report of child’s 

depressive symptoms  

(MFQ-P) 

0.512 (p<0.001) 

 

- 

 

Table 4.17 Association between parental psychological measures and the 

psychological health score of adolescent JIA patients. 

Psychological health scores were compared by Spearman’s Rank correlation. Disease 

activity measures, life events, anxiety, depression, resilience and parent report of 

child’s depressive symptoms were log transformed to ln (measure + 1). Bonferroni 

corrected significance level p=0.003. N=136 adolescent JIA patients, 

Coddington Life Event Scale (CLES), State Trait Anxiety Inventory (STAI), Short Mood 

and Feelings Questionnaire – child version (MFQ-C), Warwick and Edinburgh Mental 

Wellbeing Scale (WEMWBS), Resilience Scale 14 (RS-14), Parental stress scale (PSS), 

Short Mood and Feelings Questionnaire – parent version (MFQ-P).   

 

4.4.6 The association between disease activity and psychological health of 

adolescent JIA patients 

Having profiled the psychological health of adolescent JIA patients we next wanted 

to profile the disease activity of these patients and explore the association between 
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the two. Few studies have previously investigated these relationships for JIA 

patients and none have focussed specifically on an adolescent JIA population.  

 

4.4.6.1 Disease activity profile of adolescent JIA patients 

Table 4.18 describes the disease activity of adolescent JIA patients included in this 

study. The association between disease activity and age, gender, ethnicity and 

parental education level were then explored. Females were found to have a higher 

active joint count, limited joint count, ESR and CRP. However, after correcting for 

multiple tests (Bonferroni corrected significance level p=0.005), only ESR was 

higher in females (Table 4.19). Ethnicity, age and parental education levels were 

not associated with disease activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



165 

 

 Adolescent JIA Patients 

(N=136) 

Median (IQR) N (%)  

Subtype  

Polyarthritis 

Persistent oligoarthritis 

Extended oligoarthritis 

Enthesitis related arthritis 

Psoriatic arthritis 

Systemic onset JIA 

  

45 (33.1%) 

15 (11.0%) 

28 (20.6%) 

40 (29.4%) 

3 (2.2%) 

5 (3.7%) 

Disease duration (years) 7 (3-12) 136 

DMARD 

Yes 

No 

  

77 (56.6%) 

59 (43.4%) 

Biologic drugs 

Yes 

No 

  

47 (34.6%) 

89 (65.4%) 

NSAID 

Yes 

No 

  

102 (75.0%) 

 34 (25.0%) 

Active joint count 0 (0-2) 128 

Swollen joint count 0 (0-0) 124 

Limited joint count 0 (0-2) 124 

Physician VAS (0-10cm)  0.5 (0-3) 121 

Patient general VAS (0-10cm)  1 (0-4) 114 

Disability (CHAQ (0-3)) 0 (0-0.5) 102 

Pain VAS (0-10cm)  1 (0-4) 110 

ESR (mm/hour)  2 (2-8) 106 

CRP (mg/ml)  0.9 (0.6-2) 105 

JADAS3 1.8 (0-8.5) 110 

Table 4.18 Disease activity of adolescent JIA patients. 

N=136 adolescent JIA patients, Disease modifying anti-rheumatic drug (DMARD), non-

steroidal anti-inflammatory drug (NSAID), visual analogue scale (VAS), Childhood 

Health Assessment Questionnaire (CHAQ), erythrocyte sedimentation rate (ESR), C-

reactive protein (CRP), JADAS3; juvenile arthritis disease activity score 3 (active joint 

count + physician VAS + patient general VAS. 
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Male 

Median (IQR) 

Female 

Median (IQR) 

Gender 

Difference 

Active joint count 

  
0 (0-0.5) 0 (0-2) P=0.033 

Swollen joint count 

 
0 (0-0) 0 (0-2) P=0.014 

Limited joint count 

 
0 (0-2) 0 (0-2) P=0.403 

Physician VAS (0-10cm)  0 (0-3) 1 (0-3) P=0.107 

Patient general VAS  

(0-10cm)  
0.35 (0-3) 1.7 (0-5.3) P=0.185 

CHAQ (0-3)  

 
0 (0-0.25) 0.128 (0-0.58) P=0.107 

Pain VAS (0-10cm)  

 
0.5 (0-4) 1.8 (0-5) P=0.183 

ESR (mm/hour)  

 
2 (2-5) 5 (2-15) P<0.001 

CRP (mg/ml)  

 
0.7 (0.6-1.3) 1.05 (0.6-3.65) P=0.051 

JADAS3 

 
1 (0-8) 3 (0-10) P=0.159 

Table 4.19 Gender differences in clinical measures of disease for adolescent JIA 

patients  

Clinical measures of disease were compared by Mann Whitney. N=136 adolescent JIA 

patients, 

Visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ), 

erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), JADAS3; juvenile 

arthritis disease activity score 3 (active joint count + physician VAS + patient general 

VAS).   

 

Differences in disease activity between different JIA subtypes and medication use 

were then explored. There were no significant differences between different JIA 

subtypes or for those taking biologic drugs. After correcting for multiple tests 

(Bonferroni corrected significance level p=0.002), medication use did not 

significantly associate with any disease activity measures.  
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4.4.6.2 Associations between psychological health and disease activity 

Having profiled the psychological health of adolescent JIA patients and disease 

activity measures, we next wanted to explore the relationship between the two. 

Firstly, simple exploratory analyses were conducted followed by the regression 

analyses. As this study is not powered to look at all the variables collected we first 

had to decide on which ones to further explore.  

 

4.4.6.2.1 Variable selection for further analyses 

The disease activity measures were selected in terms of clinical importance and 

diversity. Active joint count, pain and disability (CHAQ) were taken forward. These 

variables include both objective and subjective clinical measures. For patients with 

ERA the active joint count does not always capture disease activity at the spine and 

sacroiliac joint. Physician VAS is therefore a better measure of disease activity for 

ERA patients. As ERA patients constitute 29.4% of this study population, physician 

VAS was also taken forward.  

 

Swollen joint count was not taken forward as these joints are counted in the active 

joint count. Limited joint count was not taken forward as CHAQ better captures 

disability. Limited joint count as a measure of disability has greater clinical utility 

in the paediatric rather than adolescent or adult populations. Patient general VAS 

was very collinear with patient pain VAS (r=0.914, p<0.001) and so was not taken 

forward. ESR was not taken forward as this measure may be affected by 

parameters other than inflammation (e.g. anaemia) hence CRP only was taken 

forward. Results for CRP will be further investigated in chapter 5 along with other 

laboratory measures of inflammation. JADAS3 was not taken forward. This is 

because the separate components of the JADAS3 (active joint count, physician VAS 

and patient general VAS) when looked at individually gave more information about 

the disease activity and psychological health relationships. 

 

To decide on which psychological health parameters to include in regression 

analyses, correlations between all psychological health parameters and the 

selected disease activity measures (active joint count, physician VAS, pain and 

disability) were carried out. As state anxiety and trait anxiety were highly 
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correlated to total anxiety (r=0.939, p<0.001 and r=-0.954, r<0.001 respectively), 

only the total anxiety score was further investigated.  

 

 

4.4.6.2.2 Exploratory analysis of psychological health scores and disease 

activity parameters 

Correlations between all psychological health scores and selected disease activity 

parameters (active joint count, physician VAS, pain and disability) for JIA patients 

were first explored . An exploratory p value cut off of 0.2 (rather than 0.05) was 

used for variable selection purposes. Any psychological health parameters with 

correlation p values of 0.2 and under were considered for inclusion in the 

regression analyses.  Only those with p values of 0.05 or under are depicted in 

Figure 4.5 but all can be found in Appendix D (figure 1). 

 

Anxiety associated with physician VAS (r=0.291, p=0.001), CHAQ (r=0.333, 

p<0.001) and pain VAS (r=0.273, p=0.004) (Figure 4.3). Depressive symptoms 

associated with active joint count (r=0.220, p=0.013), physician VAS (r=0.291, 

p=0.001), disability (r=0.422, p<0.001) and pain (r=0.381, p<0.001). Wellbeing 

associated with physician VAS (r=-0.220, p=0.016), disability (r=-0.292, p=0.003) 

and pain (r=-0.246, p=0.010). Parental stress associated with disability (r=0.257, 

p=0.018) and pain (r=0.278, p=0.009). The parental report on their child’s 

depressive symptoms associated with active joint count (r=0.267, p=0.002), 

physician VAS (r=0.329, p<0.001), disability (r=0.295, p=0.003) and pain (r=0.309, 

p=0.001). Resilience did not associate with any disease activity measures, despite 

associations with other psychological parameters. Associations that reached the 

p<0.2 level of significance are shown in Appendix D (figure 1). 

 

The correlations depicted in Figure 4.5 were classed as clinically relevant because 

patients scored across the whole range of possible clinical scores (e.g. scores 

between 0-3 for CHAQ and 0-10 for pain VAS).  

 

The disease activity scores for patients above and below the cut off scores for 

depressive symptoms, state anxiety and life events were then compared. Other 
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psychological health measures did not have cut off scores. Again an exploratory p 

value of 0.2 was used. There were no significant differences in disease activity 

measures between those above and below the cut off for state anxiety and life 

events. Those above the cut off for depressive symptoms had a significantly higher 

active joint count, physician VAS, disability and a trend towards higher pain scores 

(Figure 4.7). 
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Figure 4.6 The association between psychological measures and disease activity 

measures for adolescent JIA patients.  

Data were analysed using Spearman’s rank correlation. Life events, anxiety, 

depression, resilience and parent report of child’s depressive symptoms were log 

transformed to ln (measure + 1). N=136 adolescent JIA patients,  

# p = approaching significance, * p≤0.05, ** p≤ 0.01, *** p≤0.001 

Coddington Life Event Scale (CLES), State Trait Anxiety Inventory (STAI), Short Mood 

and Feelings Questionnaire – child version (MFQ-C), Warwick and Edinburgh Mental 

Wellbeing Scale (WEMWBS), visual analogue scale (VAS), Childhood Health Assessment 

Questionnaire (CHAQ).  

 

 

 

4.4a 4.4b 4.4c 

4.4d 4.4e 4.4f 

4.4g 4.4h 4.4i 

4.4j 4.4k 4.4l 
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Figure 4.7 Disease activity measures for those below and above the cut off score 

for depressive symptoms  

Depressive symptoms were measured using the Short Mood and Feelings 

Questionnaire – child version. The cut off score for probable depression was 8 points.  

Clinical measures of disease were compared by Mann Whitney and Kruskall Wallis. 

N=136 adolescent JIA patients. # p ≤0.2, * p≤0.05, ** p≤ 0.01, *** p≤0.001. 

Visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ). 

 

We next explored the effect of exams on disease activity. The disease activity 

scores for patients with their study visit within a month of their next exam were no 

different to those with their study visit not during exam period.  

 

4.4.6.2.3  Regression analysis of psychological health scores and disease 

activity parameters 

Having explored the bivariate associations between disease activity and 

psychological health scores, we next wanted to conduct a regression analysis, 

4.5b 

4.5c 4.5d 

4.5a 
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which would allow us to explore these relationships whilst controlling for 

confounding variables.  

 

Figure 4.6 shows that disease activity measures associated with anxiety, 

depressive symptoms and wellbeing and so these psychological variables were 

taken forward. These psychological scores were taken forward as continuous 

variables rather than dichotomous variables (above or below the cut off score) as 

the continuous scores were found to be more sensitive to associations with disease 

activity. Resilience and life event stressors were not taken forward to the 

regression analysis because no associations were found with disease activity 

measures in the exploratory analysis. Parental stress was not taken forward as this 

variable is not in keeping with our hypothesis of the patient’s psychological health 

being associated with a lowered threshold of inflammation which impacts on 

disease activity. The parent report of their child’s depressive symptoms was also 

not taken forward due to the high level of missing data. 

 

As age and gender have previously been reported to associate with the 

psychological and clinical variables we were investigating, both age and gender 

were taken forward as covariates. This study was not powered to include other 

covariates.  

 

After controlling for age and gender, anxiety associated with disability, pain and 

physician VAS (Table 4.20), depressive symptoms were significantly associated 

with disability, pain and physician VAS (Table 4.21) and wellbeing associated 

disability (Table 4.22).  
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Table 4.20 Associations between anxiety and disease activity   

Data were analysed using multiple linear regression models. Independent variable was anxiety. Age and gender were controlled for. N=136 

adolescent JIA patients. 

Visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ). 

Dependent variable 
Adjusted 

R2 

Anova 

Significance 

(p value) 

Standardised 

β 

Unstandardised 

β 

Dependent 

variable 

significance 

(p value) 

Lower 95% CI for 

unstandardised β 

Upper 95% CI for 

unstandardised β 

Active joint count 

N= 126 
0.031 0.079 0.143 0.014 0.120 -0.004 0.032 

Disability (CHAQ) 

N= 100 
0.096 0.005 0.317 0.009 0.002 0.004 0.015 

Pain 

N= 108 
0.061 0.023 0.250 0.029 0.011 0.007 0.052 

Physician VAS 

N= 119 
0.041 0.050 0.240 0.019 0.012 0.004 0.034 
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Dependent 

variable 

Adjusted 

R2 

Anova 

Significance 

(p value) 

Standardised 

β 

Unstandardised 

β 

Dependent 

variable 

significance 

(p value) 

Lower 95% CI for 

unstandardised β 

Upper 95% CI for 

unstandardised β 

Active joint count 

N= 127 
0.036 0.057 0.165 0.065 0.068 -0.005 0.135 

Disability (CHAQ) 

N= 101 
0.127 0.001 0.358 0.045 <0.001 0.021 0.069 

Pain 

N= 109 
0.088 0.005 0.291 0.137 0.002 0.050 0.224 

Physician VAS 

N= 120 
0.023 0.131 0.190 0.062 0.045 0.001 0.123 

 

Table 4.21 Associations between depressive symptoms and disease activity   

Data were analysed using multiple linear regression models. Independent variable was depression. Age and gender were controlled for. N=136 

adolescent JIA patients. 

Visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ). 
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Table 4.22 Associations between wellbeing and disease activity   

Data were analysed using multiple linear regression models. Independent variable was wellbeing. Age and gender were controlled for. N=136 

adolescent JIA patients. 

Visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ). 

 

Dependent 

variable 
Adjusted R2 

Anova 

Significance 

(p value) 

Standardised 

β 

Unstandardised 

β 

Dependent variable 

significance 

(p value) 

Lower 95% CI for 

unstandardised β 

Upper 95% CI for 

unstandardised β 

Active joint count 

N= 126 
0.025 0.105 -0.120 -0.022 0.177 -0.054 0.010 

Disability (CHAQ) 

N= 100 
0.058 0.033 -0.241 -0.014 0.015 -0.025 -0.003 

Pain 

N= 108 
0.018 0.184 -0.115 -0.025 0.236 -0.067 0.017 

Physician VAS 

N= 119 
0.006 0.302 -0.133 -0.020 0.151 -0.046 0.007 
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4.4.7 Associations between second study visit psychological health scores 

and disease activity measures  

Having explored cross-sectional associations between psychological health scores 

and disease activity measures at the first study, results from the second study visit 

were then explored longitudinally.  

4.4.7.1  Second study visit psychological health scores and disease activity 

measures 

Of the 136 patients at the first study visit, 84 also completed a questionnaire at a 

second study visit. The second study visit was on average 9.7 months after the first 

study visit. The psychological health scores and disease activity scores are shown 

in Table 4.23. Psychological health scores at the second study visit were not 

significantly different to the matched scores at the first study visit. All 

psychological health scores at the first study visit correlated with corresponding 

scores at the second study visit. Significance levels were then Bonferroni corrected 

(Bonferroni corrected significance level p=0.006). Active joint count at the first 

study visit remained significantly correlated with active joint count at the second 

study visit. No other disease activity measures at the first study visit correlated 

with the corresponding disease activity measure at the second study visit after 

correcting for multiple tests. 
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First study visit Second study visit 
Difference 

 

Correlation 

r (p value) 
Median 

(IQR) 
N  Median (IQR) N  

Time 

difference 

(months) 

  
9.66  

(6.32 - 12.3) 
84   

Life Events  

(CLES) 

182  

(70-283) 
135 

167  

(75 - 299) 
84 P=0.614 r=0.559 (p<0.001) 

Total anxiety  

(STAI) 

70  

(55-91) 
134 

71  

(51 - 91) 
84 P=0.158 r=0.674 (p<0.001) 

Depressive 

symptoms  

(MFQ-C) 

3  

(1-7) 
135 

3  

(0 - 7) 
83 P=0.445 r=0.570 (p<0.001) 

Wellbeing  

(WEMWBS) 

51  

(42-57) 
134 49 (40 - 59) 83 P=0.427 r=0.618 (p<0.001) 

Resilience  

(RS-14) 

72.5  

(59-84) 
42 

73  

(54.5 - 87) 
84 P=0.236 r=0.255 (p<0.001) 

Active joint 

count 

0 

(0-2) 
128 

0  

(0 - 1) 
81 P=0.347 r=0.352 (p=0.002) 

Physician VAS 

(0-10cm)  

0.5 

(0-3) 
121 

0  

(0 - 1.5) 
72 P=0.175 r=0.146 (p=0.241) 

Disability 

(CHAQ (0-3)) 

0  

(0-0.5) 
102 

0  

(0 - 0) 
69 P=0.339 r=0.354 (p=0.009) 

Pain VAS 

(0-10cm)  

1  

(0-4) 
110 

0  

(0 - 3) 
69 P=0.360 r=0.188 (p=0.153) 

Table 4.23 Comparison of psychological health measures and disease activity 

measures at the first and second study visits. 

Psychological health measures and disease activity measures were compared by 

Wilcoxon Matched pairs test. Correlations were analysed using Spearman’s rank 

correlation. N=136 adolescent JIA patients at the first study visit. N=84 adolescent JIA 

patients at the second study visit. 

Coddington Life Event Scale (CLES), State Trait Anxiety Inventory (STAI), Short Mood 

and Feelings Questionnaire – child version (MFQ-C), Warwick and Edinburgh Mental 

Wellbeing Scale (WEMWBS), Resilience Scale 14 (RS-14), visual analogue scale (VAS), 

Childhood Health Assessment Questionnaire (CHAQ). 
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4.4.7.2 The association between second study visit psychological health 

scores and disease activity measures for adolescent JIA patients 

4.4.7.2.1 Exploratory analysis of second study visit data 

The longitudinal associations between psychological health scores and disease 

activity measures were next explored. Firstly, correlations between psychological 

health scores at the first study visit and disease activity measures at the second 

study visit were investigated (Figure 4.8). Depressive symptoms at the first study 

visit correlated with disability at the second study visit (r=0.353, p=0.003) (Figure 

4.8). This association remained significant after correcting for multiple tests 

(Bonferroni corrected significance level p=0.003). This association was classed as 

clinically relevant because patients scored across the whole range of possible 

clinical scores (scores between 0-3 for CHAQ).  

 

Scatter plots for all psychological health parameters at the first study visit and 

disease activity parameters at the second study visit are shown in Appendix D 

(figure 2). 
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Next, correlations between disease activity scores from the first study visit and 

psychological health scores at the second visit were explored. Active joint count at 

the first study visit correlated with anxiety (r=0.266, p=0.016) and depressive 

symptoms (r=0.380, p<0.001) at the second study visit. Physician VAS at the first 

study visit correlated with anxiety (r=0.232, p=0.040), depressive symptoms 

(r=0.277, p=0.014) and wellbeing (r=-0.260, p=0.021) at the second study visit. 

Disability at the first study visit correlated with anxiety (r=0.393, p=0.001), 

depressive symptoms (r=0.433, p<0.001) and wellbeing (r=-0.311, p=0.011) at the 

second study visit. Pain at the first study visit associated with anxiety (r=0.348, 

p=0.003), depressive symptoms (r=0.437, p<0.001), wellbeing (r=-0.383, p<0.001) 

and resilience (r=-0.309, p=0.008) at the second study visit. After correcting for 

multiple tests (Bonferroni corrected significance level p=0.003), only five 

4.6 

Figure 4.8 Association between psychological health measures at the first study 

visit and disease activity parameters at the second study visit.  

Scatter plot showing the association between depression at the first study visit and 

disability at the second study visit.  

Depressive symptoms were log transformed. Data were analysed using Spearman’s 

rank correlation. After correcting for multiple tests (Bonferroni corrected significance 

level p=0.003) no associations remained significant. N=84 adolescent JIA patients at 

the second study visit. 

 Short Mood and Feelings Questionnaire – child version (MFQ-C), Childhood Health 

Assessment Questionnaire (CHAQ). 
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associations remained significant; active joint count at the first study visit and 

depressive symptoms at the second study visit, disability at the first study visit and 

both anxiety and depressive symptoms at the second study visit, pain at the first 

study visit and both depressive symptoms and wellbeing at the second study visit 

(Figure 4.9). Scatter plots for all disease activity parameters at the first study visit 

and psychological health parameters at the second study visit are shown in 

Appendix D (figure 3). 
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Figure 4.9 Association between disease activity parameters at the first study 

visit and psychological health measures at the second study visit.  

Scatter plots showing the correlation between active joint count, ,disability, pain, 

anxiety, depressive symptoms and wellbeing.  Anxiety, depression and resilience were 

log transformed. Data were analysed using Spearman’s rank correlation. Bonferroni 

corrected significance level was p=0.003. N=136 adolescent JIA patients at the first 

study visit. N=84 adolescent JIA patients at the second study visit. 

Visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ), State 

Trait Anxiety Inventory (STAI), Short Mood and Feelings Questionnaire – child version 

(MFQ-C), Warwick and Edinburgh Mental Wellbeing Scale (WEMWBS), Resilience Scale 

14 (RS-14).  
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4.4.7.2.2 Regression analysis of second study visit data 

We next explored these relationships further with regression analyses. As active 

joint count, disability and pain at the first study visit were all shown to correlate 

with depression at the second study visit these four variables were further 

explored with regression analyses. 

 

First, the associations between depression at the first study visit and active joint 

count, disability and pain at the second study visit were explored (Table 4.24). 

Three separate regression analyses were conducted, one for each disease activity 

measure. Gender, age, time difference between study visits and disease activity 

scores at the first study visit were controlled for. Depression at the first study visit 

associated with pain at the second study visit (Table 4.24). 

 

Next the relationship between active joint count, disability and pain at the first 

study visit and depressive symptoms at the second study visit were explored. 

Three separate regression analyses were conducted, one for each disease activity 

measure. Gender, age, time difference between study visits and depressive 

symptoms at the first study visit were controlled for. Pain at the first study visit 

associated with depression at the second study visit (Table 4.25).   
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Table 4.24 Associations between depressive symptoms at the first study visit and disease activity at the second study visit 

Data were analysed using multiple linear regression models. Independent variable was depressive symptoms at the first study visit. Age, gender, 

time between study visits and disease activity at the first study visit were controlled for. N=136 adolescent JIA patients at the first study visit. 

N=84 adolescent JIA patients at the second study visit. 

 

Visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ) 

Dependent 

variable 

2nd study visit 

Adjusted 

R2 

Anova 

Significance 

(p value) 

Standardised β 
Unstandardised 

β 

Dependent 

variable 

significance 

(p value) 

Lower 95% CI for 

unstandardised β 

Upper 95% CI for 

unstandardised β 

Active joint 

count 

N= 82 

0.209 <0.001 -0.038 -0.014 0.719 -0.094 0.065 

Disability 

(CHAQ) 

N= 70 

0.064 0.143 0.024 0.002 0.884 -0.030 0.035 

Pain 

N= 70 
0.246 <0.001 0.341 0.318 0.004 0.107 0.529 
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Table 4.25 Associations between disease activity at the first study visit and depressive symptoms at the second study visit 

Data were analysed using multiple linear regression models. Dependent variable was depressive symptoms at the second study visit. Age, 

gender, time between study visits and depressive symptoms at the first study visit were controlled for. N=136 adolescent JIA patients at the first 

study visit. N=84 adolescent JIA patients at the second study visit. 

 

Visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ). 

 

Independent 

variable 

1st study visit 

Adjusted 

R2 

Anova 

Significance 

(p value) 

Standardised β Unstandardised β 

Dependent 

variable 

significance 

(p value) 

Lower 95% CI for 

unstandardised β 

Upper 95% CI for 

unstandardised β 

Active joint 

count 

N=81 

0.480 <0.001 0.153 0.387 0.077 -0.043 0.817 

Disability 

(CHAQ) 

N= 65 

0.477 <0.001 0.176 2.034 0.091 -0.338 4.407 

Pain 

N= 71 
0.464 <0.001 0.201 0.421 0.039 0.023 0.818 
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4.5 Discussion 

The principal aims of this chapter were to profile the psychological health of 

adolescent JIA patients, profile their disease activity and explore the relationship 

between these two factors. To do this, questionnaire packs were developed to 

assess the life event stressors, anxiety, depression, wellbeing and resilience of 

adolescent JIA patients and levels of parental stress. 136 JIA patients and 88 

adolescent healthy controls were then recruited and their psychological health was 

profiled. JIA patients were found to have equivalent levels of uncontrollable stress, 

anxiety, depression, wellbeing and resilience as healthy controls. However, JIA 

patients were found to experience fewer controllable life event stressors. For JIA 

patients, anxiety was found to associate with disability, pain and physician VAS, 

depression was found to associate with disability, pain and physician VAS, and 

wellbeing was found to negatively associate with disability.  

 

The prevalence of depression in normative samples of 13 to 18 year olds was 

explored in a meta-analysis by Costello et al. (2006). A 5.9% prevalence of 

diagnosed major depression was found for girls and a 4.6% prevalence of major 

depression was found for boys (Costello et al., 2006). The prevalence of depression 

in adolescents with JIA has previously not been reported and so this was 

characterised in our study population. In this study, over one in five adolescents 

(both JIA patients and healthy controls) scored above the cut off for MDD, 

indicating that depressive symptoms are highly prevalent for all adolescents, 

regardless of whether or not they have JIA. This percentage is considerably higher 

than that reported by Costello et al. (2006), likely because the MFQ cut off is 

intended to be used as a screening tool only, not as a diagnostic measure. Our 

study was also predominantly comprised of 16 to 18 year olds. Prevalence rates of 

depression in older adolescents are known to be higher than for younger 

adolescents (Nolen-Hoeksema and Girgus, 1994), which might also contribute to 

the higher rates of depression seen in our study than those found by Costello et al. 

(2006).  

 

When the continuous scores (rather than the percentage above and below the cut 

off score) for depressive symptoms for JIA patients and healthy controls were 
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compared, no differences were found. A number of previous studies have profiled 

the levels of anxiety and depression of children with JIA in comparison to healthy 

children (Mullick et al., 2005, Tarakci et al., 2011, Ding et al., 2008, Bomba et al., 

2013, Adam et al., 2005, Kuburovic et al., 2014). In accordance with our results, 

Ding et al. (2008) and Tarakci et al. (2011) both found JIA patients to have 

equivalent levels of depressive symptoms to healthy controls. Other studies found 

JIA patients to have significantly higher depressive symptoms than healthy 

children (Bomba et al., 2013, Adam et al., 2005, Kuburovic et al., 2014, Mullick et 

al., 2005). We also investigated anxiety. Our study showed that adolescents with 

JIA experience the same level of state and trait anxiety as adolescent healthy 

controls. These results are supported by three previous studies (Mullick et al., 

2005, Tarakci et al., 2011, Ding et al., 2008). However, other studies have found JIA 

patients to have a greater prevalence of anxiety (Bomba et al., 2013, Kuburovic et 

al., 2014).  

 

 

One possible reason for this study not finding any differences in depression and 

anxiety between JIA patients and health controls is that this JIA population had, on 

average, low levels of disease activity. Had we recruited only patients with active 

disease, then perhaps we would have found differences in symptoms of depression 

and anxiety between active JIA patients and healthy controls. Our results 

(discussed below) showed an association between worsened disease activity and 

worsened depressive symptoms and so support this theory. Another possible 

reason why no differences in depression were found is because the MFQ was 

designed to screen for MDD and so is not so sensitive to lower levels of depressive 

symptoms. Another reason for the differences in findings may be because all 

previous studies have included either a child only or a mixed child and adolescent 

population.  This is the first study to our knowledge to focus specifically on 

adolescent JIA patients. Also, this study benefits from including a greater number 

of JIA patients and healthy controls than the previous studies. 

 

To our knowledge there is only one study that has previously undertaken a direct 

measure of wellbeing of JIA patients and compared it to healthy children. This 

study found JIA patients to have lower wellbeing scores than healthy controls 
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(Yadav and Yadav, 2013). This fits with results of a large cohort of 15 to 29 year 

olds with a long-term disability who were found to have lower levels of wellbeing 

and less social support than healthy 15 to 29 year olds (Emerson et al., 2009). 

Other studies looking at wellbeing in JIA have indirectly measured wellbeing, 

defining it as an absence of psychopathology (Knafl et al., 2015, Barlow and Ellard, 

2006) whereas we have defined and measured wellbeing as an aspect of positive 

mental health. 

 

This is the first study to our knowledge that has directly measured resilience in JIA 

patients and compared this to the resilience of healthy controls. In a qualitative 

study by Cartwright et al (2015) patients described their experiences of living with 

JIA. Several of the common themes that came up can be attributed to these patients 

developing resilience after their diagnosis; accepting the disease, developing self-

management strategies, physical fitness despite pain, taking charge of challenges 

and use of social support (Cartwright et al., 2015). In a focus group of young adults 

with JIA similar themes were found but there was a notable shift towards concerns 

about the future, having children, the impact on their partners and employment 

worries (Secor-Turner et al., 2011). However, the authors of this study also noticed 

that patients had developed a strong resilience to deal with their disease (Secor-

Turner et al., 2011). Given the results of these focus groups, it is surprising that 

patients in our study did not have higher levels of resilience than healthy controls. 

However, both studies only interviewed a very small population of JIA patients (10 

and 11 respectively) and the study by Cartwright et al. (2015) only included 

patients with good treatment adherence. This may have biased the study 

population towards patients with more positive coping strategies and higher levels 

of resilience.  

 

Inter-correlations between psychological health scores were also explored for both 

JIA patients and healthy controls. These results indicated that JIA patients with 

high anxiety and depression scores also have low resilience scores. This may mean 

that they have poorer coping mechanisms. Unexpectedly, for healthy adolescents, 

anxiety and depression were unrelated to resilience. The reason for this 

discrepancy in findings for JIA patients and healthy controls is unknown but does 

warrant further investigation.  
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We believe that this is the first study to profile life event stress for JIA patients. We 

found that JIA patients experienced significantly fewer stressful life events than 

healthy controls. When these life events were separated out into controllable or 

uncontrollable life events we found there were no differences in uncontrollable life 

stress but JIA patients experienced fewer controllable life events. Some examples 

of controllable life events in the CLES include items relating to academic and 

sporting achievements, getting a first job and joining social organisations. 

Therefore, this difference between JIA patients and healthy controls may be 

attributed to the significant lifestyle limitations that are experienced by JIA 

patients. JIA patients have commonly reported experiencing limitations in sports, 

physical activity, schoolwork, social activities and in relationships with friends, 

siblings and parents during their adolescent years (Eyckmans et al., 2011, Secor-

Turner et al., 2011, Adam et al., 2005). It is also possible that patient (and parents 

of JIA patients) actively limit these controllable events to protect themselves (or 

their child) from any unnecessary stressors additional to those attributed with 

having JIA i.e. hospital visits, medication, physiotherapy and lifestyle limitations 

mentioned above.  

 

For healthy controls we found that age was associated with higher stressful life 

event scores. Life event stressors are known to increase across adolescence 

(Coddington, 1999). To account for this, the CLES has age-appropriate cut off 

scores for individuals at risk of psychopathology (Coddington, 1999, Lenze and 

Wetherell, 2011). We also found age to associate with wellbeing for healthy 

controls. In a study of 13 to 16 year olds, wellbeing (as measured by WEMWBS) 

was found to be the same across this age range (Hunter et al., 2015). However, 

Gestsdottir et al. (2015) found that from age 15 to age 23, wellbeing increased, 

particularly more for girls than for boys (Gestsdottir et al., 2015). This latter study 

is more in keeping with the results of our study as the majority of our healthy 

controls are aged 16 to 18, when an association with age seems to come about. It is 

also well known that incidence of depression increases across adolescence (Nolen-

Hoeksema and Girgus, 1994). However, we did not see these associations with age 

for healthy controls or JIA patients, possible due to the narrow age range 

(interquartile range for age was 16-18 years for patients and 16-17 years for 
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healthy controls). Had the ages been more spread across the 13 to 18 years range 

then an association with age may have been found. Interestingly, we did not find 

any association with age and increased psychopathology for JIA patients. This 

could possibly be because there are other factors that are more strongly associated 

with their psychological health such as disease activity (discussed below), or 

because of the narrow age range.  

 

We found that female JIA patients had significantly higher anxiety and depression 

scores than male JIA patients. This gender difference in depressive symptoms is 

well known, beginning around the age of 13 and increasing into late adolescence 

(Nolen-Hoeksema and Girgus, 1994, American Psychiatric Association, 2013). 

However, we did not find this gender difference in depressive symptoms for 

healthy controls. There was also a gender difference for both controllable and 

uncontrollable life events, with female JIA patients experiencing significantly 

higher life event stressors. There was also a trend for healthy females experiencing 

more life events, although this did not reach significance, possibly due to a lower 

sample size. This gender difference has previously been described in a study of 

2505 adolescents where girls were found to experience more negative life event 

stressors than boys (Marcotte et al., 2002). Jose et al. (2004) also found that not 

only did girls experience more life event stressors than boy, but that they also 

perceived the stressors to be more intense than boys. This difference in exposure 

to life events and perception of life events is thought to contribute to the increased 

incidence of internalising disorders for girls during adolescence (Jose and Ratcliffe, 

2004).  

 

Parental education level is a commonly used measure of socio-economic status 

(Liberatos et al., 1988). Adolescents from low socio-economic families are more 

likely to suffer from anxiety and depression (McLaughlin et al., 2012) and have 

poorer psychological wellbeing (Stewart-Brown, 2008). Given that JIA patients 

were generally from lower socio-economic backgrounds, one may expect patients 

to have poorer anxiety, depression and wellbeing scores than the healthy controls 

based on social and economic factors alone. However, no difference was seen in 

these parameters between JIA and healthy controls regardless of the difference in 

socio-economic class groups between these populations.  
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When inter-correlations between psychological variables were explored, anxiety, 

depression and life event scores were all associated with one another for both 

healthy controls and JIA patients as was expected. We also found that the parent 

report of child’s depressive symptoms was associated with the child’s self-

reported depressive symptoms (Spearman’s r=0.382). This level of patient-proxy 

agreement is in keeping with the result of other studies using the MFQ 

(Spearman’s r=0.3-0.5) (Angold, 1995, Kent et al., 1997). 

 

We next explored the disease activity measures for JIA patients. In general, disease 

activity was well controlled. When gender differences were explored, girls had 

higher levels of ESR. Interestingly, there were no differences between subtypes for 

any of the disease activity scores explored. Given the diagnostic criteria of the 

different JIA subtypes, one may expect patients with poylarticular JIA and 

extended oligoarticular arthritis to have a higher active joint count than patients 

with persistent oligoarticular arthritis and ERA (Petty et al., 2004). However, 

patients tended to have well-controlled disease which may account for the 

diminishment of differences between subtypes.  

 

Those taking NSAIDs and DMARDs were found to have higher disease activity 

scores than those not taking these medications. However, there were no 

differences in the disease activity of patients taking and not taking biologics. This 

is in line with the fact that patients often are not controlled by DMARDs alone. 

Biologics (mainly TNFα inhibition treatments) are currently the first-line of 

biologic treatment for most sub-types of JIA and often control symptoms and 

prevent joint damage significantly better than DMARDs (Lovell et al., 2000). 

 

The relationships between psychological health and disease activity were then 

investigated. After accounting for age and gender, we found that anxiety did not 

associate with active joint count, which is consistent with results of previous 

studies (Ding et al., 2008, Tarakci et al., 2011). Anxiety was found to associate with 

physician VAS, disability and pain. Previous studies have not found an association 

between anxiety, physician VAS and pain (Ding et al., 2008, Tarakci et al., 2011, 

Margetic et al., 2005) and there have been mixed results regarding the association 
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between anxiety and disability for patients with JIA (Ding et al., 2008, Tarakci et al., 

2011). All of these previous studies have used different psychological 

questionnaires and are from mixed children and adolescent populations, both of 

which maybe factors contributing to differences in findings for disability. 

Furthermore, the previous studies included fewer patients and so may have not 

been sufficiently powered to detect the associations found in our larger cohort. 

 

We found depression to associate with disability, pain and physician VAS. 

Furthermore, depressive symptoms were found to associate with future pain (after 

controlling for age, gender, time difference and initial pain levels) and pain was 

found to predict future depressive symptoms (after controlling for age, gender, 

time difference and initial depressive symptoms). Previously published results for 

associations between depression and pain in JIA patients have largely backed the 

results of our study. Margetic et al (2005) found depression to associate 

concurrently with pain and Hoff et al. (2011) found depression to predict pain and 

disability 6 and 12 months later when initial levels of pain were low (Hoff et al., 

2006). The reverse directionality was not explored. However, Ding et al. (2008) 

found no association between pain and depression in their cross sectional analysis. 

Disability has been found to consistently associate with depression in previous 

studies of JIA patients. Ding et al. (2008) and Tarakci et al. (2011) found 

associations between depression and disability at the same point in time (Ding et 

al., 2008, Tarakci et al., 2011) whereas Hoff et al. (2006) found depression to 

predict disability 6 and 12 months later when initial levels of disability were low 

(Hoff et al., 2006). The reverse directionality was not explored. Only one previous 

study explored the association between depression and physician VAS and found 

no association (Ding et al., 2008). Again, these differences may be attributed to age 

differences and differences in methods of psychological assessment.  

 

This is the first study that we know of to explore the relationship between 

wellbeing and disease activity in JIA patients. We found wellbeing to associate with 

disability but not pain, physician VAS or active joint count. Emerson et al. (2009) 

looked at the wellbeing of 16 to 29 year olds with and without a long-term 

disability or chronic health condition. Young people with disabilities had 

significantly worse mental wellbeing and also less social support than those 
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without disabilities (Emerson et al., 2009). However, they did not investigate how 

the severity of the disability impacts on wellbeing. This relationship warrants 

further investigation in a larger population than we have sampled. 

 

Although not explored in regression analyses, resilience did not correlate with any 

disease activity measures. Considering that resilience correlated with anxiety, 

depression and wellbeing for JIA patients, and that anxiety, depression and 

wellbeing associated with disease activity, this indicates that resilience could be 

independent measure associated with psychological function alone. As only 69.3% 

of patients completed the resilience scale (due to the RS-14 being added to the 

questionnaire pack at a later date), it is also possible that associations with disease 

activity were not observed due to being underpowered.  

 

When longitudinal associations between psychological health and disease activity 

were explored, apart from the associations between depression and pain 

(discussed above), no other associations were found. This may be an artefact of 

controlling for psychological health scores at the first study visit as the 

psychological health scores at the first study visit correlated with the 

corresponding psychological health scores at the second study visit. This may have 

masked any potential underlying longitudinal associations. Data at further time 

points should be collected in order to elucidate the longitudinal relationships 

between psychological health scores and disease activity in this study population.   

 

Although the associations described above reached statistical significance, this 

does not always translate into clinical significance. As can be seen in the scatter 

plots for the exploratory analysis, some patients did score highly; the highest pain 

VAS score was 10 (0-10 scale), the highest CHAQ score was 3 (0-3 scale), the 

highest physician VAS score was 8 (0-10 scale) and the highest active joint count 

was 8 joints. These associations with high disease activity scores may translate to 

clinical relevance. However, only very few patients did have the highest disease 

activity scores and general this cohort did have well controlled disease activity in 

general. Therefore, the clinical relevance of these associations is uncertain. 
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In this study parents were asked to complete a parental stress questionnaire. 

There have been mixed reports in the literature as to whether parents of JIA 

patients experience increased symptoms of anxiety, depression or worse health 

related quality of life compared to parents of healthy children (Manuel et al., 2001, 

Press et al., 2002, Gerhardt et al., 2003, Haverman et al., 2014). Unfortunately, we 

were not able to recruit parents of healthy controls due logistics to provide a 

comparator group. When parental stress levels were compared to child 

psychological health scores, we found that parental stress associated with their 

child’s depression, anxiety and wellbeing scores. The effect of parental stress on 

their child’s externalising behaviours has been widely reported. Far fewer studies 

have investigated the association with parental stress and their child’s 

internalising problems but what studies there are confirm our results (Rodriguez, 

2011, Costa et al., 2006). Furthermore, a study in parents of JIA patients (aged 6 to 

18) previously showed that parental stress (measured as daily hassles) associated 

with child depressive symptoms (Anthony et al., 2011). Other aspects of parental 

psychological health have previously been shown to associate with the 

psychological health of JIA patients. In a meta-analysis of studies exploring the 

experiences of parents with a child who has JIA, Knafl et al. (2015) found that 

parental depressive symptoms consistently associated with their child’s 

depressive symptoms. Furthermore, general measures of parent psychological 

distress have been found to associate with worse health related quality of life for 

JIA patients. We also found that parental stress associated with the worsened pain 

and disability scores of JIA patients. Previous studies have yielded mixed results 

surrounding these relationships between parental psychological health and 

patient disease activity levels (Anthony et al., 2011, Knafl et al., 2015, Toupin et al., 

2012). Our study is the first to focus on parents of adolescent JIA patients. 

Considering the great social and psychological changes that occur during 

adolescence, the parent-child relationship and the interplay between parental 

psychological health and their child’s physical and psychological health warrants 

further investigation specifically for adolescent JIA patients. 

 

Limitations of this work are next discussed.  

For the cross-sectional analysis separate regression analyses were conducted each 

disease activity measure. Typically, a stepwise regression approach would be used 
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to determine which of the disease activity measures have the strongest association 

with psychological health after correcting for all other disease activity measures.  

This would mean that if the disease activity measures are found to be collinear 

they would be excluded from the analysis and the measure most strongly 

associated with psychological health would remain. Whilst this may be a 

statistically valid way to analyse the data, it is not a clinically valid method for this 

population. Although these disease activity measures were all collinear when the 

population is looked at as a whole, it has been shown that clinically these disease 

activity measures are not collinear for all patients. For example, many patients 

experience high levels of pain despite having no active joints (Miller et al., 2011). 

Therefore, it was decided that each disease activity measure should be 

investigated separately. However, the limitation of performing multiple regression 

analyses when some variables are collinear for some patients is that not all of the 

statistically significant associations may be true.   

 

Age and gender were included in our regression analyses as covariates. Had a 

much larger population of adolescent JIA patients been recruited, other variables 

could have been accounted for such as medication use, JIA subtype, socio-economic 

status and disease duration, which also influence disease activity (Verstappen et 

al., 2015, Fisher and Sen, 2012).  Another limitation this work was that a number of 

psychological questionnaires contained items that related to somatic symptoms 

but also symptoms of JIA. For example, the MFQ contains the item “I felt so tired I 

just sat around and did nothing”. Items relating to fatigue and other JIA symptoms 

were also found in the STAI questionnaire (“I feel comfortable” and “I feel rested”) 

and the WEMWBS (“I’ve had energy to spare”). Similarly, the CLES also contains 

items that may be more prevalent amongst JIA patients that healthy controls 

(“being hospitalised for illness and injury”). However, these items did not appear 

to bias our results, as JIA patients experienced equivalent MFQ and STAI scores 

and actually had lower CLES scores. Finally, the population of JIA patients 

recruited to this study had, on average, low disease activity scores. Had we 

recruited only those patients experiencing a flare of disease, then we may have 

seen differences in their psychological health scores compared to healthy controls. 

As it stands, this study recruited all JIA patients at the adolescent rheumatology 

outpatient clinic and so is representative of a general adolescent JIA population.   
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In conclusion, this work has shown that adolescents, regardless of whether or not 

they have a chronic disease, are at high risk of experiencing depressive symptoms. 

This work has also shown that adolescent JIA patients experience equivalent rates 

of controllable life events, depression, anxiety, resilience and wellbeing but 

experience fewer controllable life event stressors, which may be indicative of the 

lifestyle limitations experienced by these patients. For JIA patients, anxiety and 

depressive symptoms were found to associate with physician VAS, pain and 

disability. Wellbeing was also found to associate with disability. 
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Chapter 5.  Inflammatory profile of blood samples from JIA 

patients and healthy controls 

5.1 Introduction 

In chapter four, the association between disease activity and psychological health 

was explored in a cohort of adolescent JIA patients recruited from UCLH. Anxiety 

and depression associated with higher physician VAS, disability and pain 

measures. Psychological wellbeing associated lower disability scores. This chapter 

investigates the potential inflammatory mechanisms that may be driving these 

associations between psychological health and disease activity.  

 

Previous studies have shown that stress associates with increased serum pro-

inflammatory cytokine levels in otherwise healthy individuals and that patients 

with major depression also have elevated serum pro-inflammatory cytokine levels. 

One mechanism behind this increased pro-inflammatory phenotype during times 

of psychological distress is reduced cortisol sensitivity. During times of chronic 

stress and low mood leukocytes become resistant to the anti-inflammatory effects 

of cortisol (Lowy et al., 1988, Wodarz et al., 1991, Cohen et al., 2012). This cortisol 

resistance means that individuals lose their HPA axis negative feedback regulation 

of cytokine and cortisol levels resulting in uncontrolled pro-inflammatory cytokine 

production. Therefore, the inflammatory profile of blood samples from both 

adolescent JIA patients and adolescent healthy controls in this study was measured 

by assessing serum IL-6, serum CRP and serum cortisol levels as well as PBMC 

LPS-induced IL-6 levels and PBMC glucocorticoid sensitivity. 

 

The first part of this chapter describes the optimisation of the cell culture protocol 

for assessing PBMC glucocorticoid sensitivity. The second part of this chapter 

describes the inflammatory profile of both JIA patients and healthy controls. The 

third part of this chapter explores the relationship between the inflammatory 

profile and psychological health scores (life event stressors, depression, anxiety, 

psychological wellbeing, resilience and parental stress) of JIA patients and healthy 

controls. Finally, the relationship between laboratory measures (glucocorticoid 

sensitivity, serum IL-6, serum cortisol) and disease activity (active, limited, and 



197 

swollen joint count, disability, patient general VAS and patient pain VAS, physician 

VAS, JADAS3 score, ESR and CRP) is explored.  

5.2 Aims of chapter five 

The aims of this chapter were: 

1 To collect PBMCs and serum from 100 adolescent JIA patients and 50 

healthy controls on the same date as psychological questionnaires were 

completed, and also for patients, on the same date as disease activity was 

assessed 

2 To optimise a cell culture protocol to assess the glucocorticoid sensitivity of 

PBMCs as a surrogate measure of glucocorticoid receptor expression 

3 To assess the inflammatory profile of 100 JIA patients and 50 healthy 

controls as measured by serum IL-6, serum CRP and serum cortisol levels as 

well as PBMC LPS-induced IL-6 levels and PBMC glucocorticoid sensitivity. 

4 To map the inflammatory profile to the psychological questionnaire scores 

for healthy controls and JIA patients 

5 To map the inflammatory profile to disease activity measures for JIA 

patients. 

5.3 Methods 

Blood samples from JIA patients and adolescent healthy controls were tested for 

serum IL-6, serum cortisol, LPS-induced IL-6 release from PBMCs and PBMC 

glucocorticoid sensitivity.  

 

5.3.1 General materials and equipment 

 Sepmate-50 (#15450, Stemcell, France) 

 Falcon tubes, 50ml and 15ml  (Cellstar, Germany) 

 Microfuge tube, 0.5ml (#ABCT-0.5, Anachem, UK)  

 Microfuge tube, 1.5ml (#BSA022, Biosigma, Italy) 

 Cryotube Vial (#375418, Thermoscientific, Denmark) 

 Haemocytometer 0.0025mm2 (#631-0696, Marienfield, Germany) 

 Coverslip, 20 x 26 x 0.4 mm (#0350000, Marienfeld, Germany)  

 96 Well Flat Bottom Microplate (#353073, Falcon, USA)  

 96 Well Round Bottom Microplate (#650180, Cellstar, Germany)  

 Microplate reader (GENios, Tecan, Switzerland) 
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 Bio-plex 200 suspension array system (Bio-rad, USA) 

 22um filter (#SLGP033RS, Millipore, Ireland) 

 20ml syringe (#SS+20ES1, Terumo, Belgium) 

 Handheld Magnetic Separator Block (#40-285, Merck Millipore, USA) 

 Vacutainer, Serum Separator Tube, 5ml (#367954, BD, UK)     

 Vacutainer, Sodium Heparin Tube, 6ml (#367876, BD, UK)     

 

5.3.2 Chemicals and reagents 

 Roswell Park Memorial Institute (RPMI) 1640 Medium (#R8758, Sigma, 

USA) 

 Ficoll-Paque Plus (#17144003, General Electric Healthcare, Sweden) 

 DSMO (#D2650, Sigma, USA) 

 Trypan Blue Solution (#15250-061, Gibco, Life Technologies, UK) 

 Dexamethasone  (#D4902, Sigma, USA) 

 LPS (Salmonella Enterica) (L4641, Sigma, USA) 

 Pencillin/Streptomycin (#DE17-602E, Lonza, Belgium) 

 Fetal bovine serum (FBS) (#10270, Gibco, Life Technologies, UK)   

 HyPure Cell Culture Grade Water (#SH30529.02, GE Life Sciences, UK) 

 Cortisol ELISA (#RE52061, IBL International, Germany) 

 Quantikine High sensitivity IL-6 ELISA (#HS600B, R&D Systems, USA) 

 Bio-Plex Pro Human Cytokine Group I 1-plex Assay, IL-6 (#Y50000000G, 

Bio-Rad, USA) 

 Human Magnetic Luminex Assay, IL-6 and TNFα (#LXSAHM-2, R&D 

Systems, USA) 

 Human Magnetic Luminex Assay, IL-6 (#LXSAHM-1, R&D Systems, USA) 

 Bio-Plex Calibration Kit (#171203060, Bio-Rad, USA) 

 Bio-Plex Validation Kit (#171203001, Bio-Rad, USA) 

 Human TNFα ELISA Ready-SET-Go! (#88-7346-22, Affymetrix, eBioscience, 

USA)  

 

5.3.3 PBMC and serum collection 

Patients were asked to donate a 15 ml blood sample after their hospital 

appointment. Blood samples were only taken if the patient required a clinical 
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blood test at that time, in accordance to ethics requirements. Adolescent healthy 

controls were asked to donate a 15 ml blood sample after completing the 

psychological questionnaire pack. All blood samples were taken on the same date 

as questionnaire completion. Several healthy adults donated a blood sample for 

use in preliminary assay optimisation steps.  

 

5.3.3.1 Phlebotomy 

Blood for PBMC separation was collected in two sodium heparin vacutainer tubes, 

which each contain 102 international units of sodium heparin to prevent blood 

clotting. Blood for serum separation was collected in one serum separator 

vacutainer tube, which contains silica to activate blood clotting.  

 

5.3.3.2 PBMC isolation 

5ml penicillin/streptomycin was added to 500ml RPMI. Media was composed of 

RPMI with penicillin/streptomycin (as above) plus 10% FBS. 15ml whole blood 

was collected in 50μl sodium-heparin and then diluted 1:2 in RPMI. 15ml Ficoll-

Paque Plus was added to a sepmate-50 tube and the diluted blood layered on top. 

Sepmate-50 tubes were centrifuged at 1200g for 10 minutes with brake. 

Supernatant was then poured off, topped up to 50ml with media and then 

centrifuged at 1800RPM for 10 minutes with brake. To count cells, the pellet was 

resuspended in 25ml media. 10μl of cell suspension was then diluted 1:2 in trypan 

blue and counted using a haemocytometer. Meanwhile, the rest of the cell 

suspension was centrifuged at 1800RPM again for 10 minutes with brake. Cells 

were then resuspended in the required volume of media. 

 

5.3.3.3 PBMC freezing  

Freezing media was prepared with 10% DMSO and 90% FBS, filtered through a 

22um syringe driven filter unit (Millipore, USA).  PBMCs were frozen in aliquots of 

5-10million cells/ml in freezing media in cryovials and stored at -80 oC  for 24 

hours then stored in liquid nitrogen. 
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5.3.3.4 PBMC thawing 

To thaw cells, cryovials were quickly warmed in the 37oC water bath for one 

minute or until only a small piece of ice was left. 500 μl warm media was added 

drop by drop to the cells and then slowly transfered to 10ml warm media. Cells 

were centrifuged at 1800RPM for 10 minutes with brake and counted as above 

(section 5.3.3.2).  

 

5.3.3.5 Serum separation 

Blood collected in gold vacuutainers were allowed to clot for 30 minutes at room 

temperature. Tubes were then centrifuged at 1200g for 10 minutes with brake. 

The supernatant was then stored in microfuge tubes in 200ul aliquots at -80oC. 

 

5.3.4 Glucocorticoid sensitivity assay 

5.3.4.1 Reagent preparation 

Before any patient and healthy control PBMC samples were cultured, stock 

solutions and aliquots of LPS, FBS and penicillin/streptomycin were prepared. This 

was to ensure that the cell culture reagents were all of the same lot number for all 

cell cultures to reduce variation between cultures. LPS was reconstituted at 

1mg/ml in distilled cell culture grade water and stored at -20oC in 10μl aliquots.  

FBS was heat inactivated by placing in a water bath at 56oC for 30 minutes. After 

returning to room temperature, FBS was stored in aliquots of 5 ml at -20oC. 

Penicillin/streptomycin was stored in 5ml aliquots at -20oC. Dexamethasone was 

reconstituted at 1mg/ml in 100% ethanol, stored at 5oC and protected from light 

for one month. After one month, a new stock solution of dexamethasone was 

prepared (due to reduced stability of reconstituted dexamethasone after one 

month). All dexamethasone was from the same lot number. 

 

5.3.4.2 General cell culture conditions 

The following steps and conditions were used for all subsequent PBMC culture 

assays. Frozen PBMCs were thawed and counted as described above (section 

5.3.3.2). Cells were re-suspended at 0.65x106 cells/ml in media.  230μl PBMCs at 

0.65 cells/ml in media were added per well to a flat bottomed 96-well microplate 
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to give 150,000 cells per well. 20μl of LPS/dexamethasone/media was added to 

each well to give a total volume of 250μl per well. Each condition was cultured in 

duplicate.  Cells were incubated for at 37oC and 5% CO2. Cell culture plates were 

then centrifuged at 1800RPM for 10 minutes with brake and then supernatants 

were stored in 96-well round-bottom microplates at -80oC.  

 

5.3.4.3  Optimisation of glucocorticoid sensitivity assay 

5.3.4.3.1 Optimisation of LPS dose response 

To select an appropriate concentration of LPS to stimulate cells with, three patient 

PBMC samples and three adolescent healthy control PBMC samples were cultured 

with a range of LPS concentrations. Patient and adolescent healthy control samples 

were all of the same age, gender and patients all of the same JIA subtype. LPS was 

diluted in media to final assay concentrations of 0.1ng/ml, 0.2ng/ml, 0.5ng/ml, 

1ng/ml, 20ng/ml and 50ng/ml. Media alone was added as an untreated control. 

Cells were incubated for 24 hours at 37oC and 5% CO2. Supernatants were tested 

for IL-6 as described below (section 5.3.5). 

 

5.3.4.3.2 Optimisation of LPS incubation time 

To select an appropriate incubation time, three adult healthy control PBMC 

samples were cultured with a range of LPS concentrations for 4 hours and 24 

hours. LPS was diluted in media to final assay concentrations of 20ng/ml. Media 

alone was added as an untreated control. Cells were incubated for 24 hours at 37oC 

and 5% CO2. Supernatants were tested for IL-6 as described below (section 

2.4.4.2.2) but using the Human Magnetic Luminex Assay for IL-6 and TNFα (R&D 

Systems).  

 

5.3.4.3.3 Optimisation of dexamethasone dose response 

To select appropriate dexamethasone concentrations to use in the final protocol, 

three JIA and three adolescent healthy control PBMC samples were cultured with 

LPS and a range of dexamethasone concentrations. Assay conditions tested were 

media alone (untreated control), LPS alone, LPS and dexamethasone (1nM – 1μM) 

combined. LPS was diluted in media to a final assay concentration of 20 ng/ml. 
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Dexamethasone was diluted in media to the final assay concentrations of 1nM, 

10nM, 30nM, 50nM, 100nM and 1μM. Cells were incubated for 24 hours at 37oC 

and 5% CO2. Supernatants were tested for IL-6 as described below (section 5.3.5) 

but using the Human Magnetic Luminex Assay for IL-6 (R&D Systems).  

 

 

5.3.4.3.4 Effects of freeze thawing PBMCs on steroid sensitivity 

We next explored whether cryopreserving PBMCs altered their LPS or 

dexamethasone sensitivity. PBMCs from three adult healthy controls were cultured 

directly after PBMC isolation. Remaining PBMCs were then cryopreserved and 

cultured at a later date. PBMCs were stimulated with 0.05ng/ml LPS and co-

incubated with 1pM to 400nM dexamethasone for 4 hours at 37oC and 5% CO2. 

Supernatants were tested for TNFα by ELISA. 

 

5.3.4.3.5 Reproducibility of the glucocorticoid sensitivity assay 

To determine the reproducibility of the glucocorticoid sensitivity assay one blood 

sample was taken from an adult healthy control and PBMCs were stored in 10 

separate aliquots. One vial of PBMCs was defrosted and cultured with media alone 

(untreated control), LPS alone (20ng/ml), LPS and dexamethasone (100nM) 

combined. Cells were incubated for 24 hours at 37oC and 5% CO2. Supernatants 

were tested for IL-6 as described below (section 5.3.5). This experiment was 

repeated on 10 separate days (one vial of PBMCs per day). The coefficient of 

variation was calculated as described in section 5.3.6.1. 

 

5.3.4.4 Final protocols 

5.3.4.4.1 Final cell culture conditions 

Assay conditions tested were media alone (untreated control), LPS alone, LPS and 

dexamethasone (10nM – 1μM) combined. LPS was diluted in media to a final assay 

concentration of 20ng/ml. Dexamethasone was diluted in media to the final assay 

concentrations of 10nM, 30nM, 50nM, 100nM and 1μM. Cells were incubated for 

24 hours at 37oC and 5% CO2. A minimum of one healthy control PBMC sample was 

cultured with each patient PBMC sample.  
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5.3.4.4.2 Final cytokine measurement 

The IL-6 levels in the culture supernatant were measured using an IL-6 luminex kit 

(Bio-Plex Pro Human Cytokine Group I 1-plex Assay, Bio-Rad).  Supernatants were 

first defrosted on ice, and then diluted 1 in 3 with media. Two supernatants (one 

from each cell culture duplicate) were tested for each condition. The luminex assay 

was performed as per manufacturer’s instructions.  A handheld magnetic 

separator block was used for plate wash steps. The plate was secured to the 

handheld magnetic separator block for two minutes to allow the magnetic beads to 

settle. The plate was then washed as per manufacturer’s instructions with a 30 

second soak between each wash. Data was extrapolated from the standard curve 

using Bio-Plex Manager software.  The Bio-Plex 200 suspension array system was 

validated once monthly and was calibrated at each use prior to running samples as 

recommended.  

 

5.3.5 Serum IL-6 assay 

Serum IL-6 was measured using the Quantikine High sensitivity IL-6 ELISA. Serum 

samples were defrosted on ice and then tested neat, initially in duplicate. After 

confirming low variation between dupilcates, samples tested on consequent ELISA 

plates were tested in singlicate. The ELISA assay was performed as per 

manufacturers instructions.  

 

Ideally, all serum samples were to be tested with one freeze-thaw cycle only. 

However, for ten samples this was unavoidable due to low aliquot numbers. To 

check serum IL-6 stability after two freeze-thaw cycles, four serum samples were 

tested after the first and then a second freeze-thaw cycle and results from each 

were compared. Samples did not undergo more than two freeze-thaw cycles.  

 

5.3.6 Serum cortisol assay 

Serum cortisol was measured using the Cortisol ELISA kit. Serum samples were 

defrosted on ice and then tested neat, in duplicate. The ELISA assay was performed 

as per manufacturers instructions. All serum samples were tested with one freeze-

thaw cycle only.  
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5.3.6.1 Analysis of raw laboratory data 

Data were analysed using Microsoft Excel 2013, GraphPad Prism version 5 and 

SPSS version 21. Percentage inhibition of LPS-induced IL-6 by dexamethasone was 

calculated as; percentage inhibition = [(agonist – antagonist) / (agonist)] x 100, 

where the agonist is LPS alone and the antagonist is dexamethasone (co-incubated 

with LPS). Maximum percentage inhibition was the highest percentage inhibition 

achieved with dexamethasone (usually 1μM dexamethasone). The percentage 

inhibition was plotted against the dexamethasone concentration and was fitted as 

a four-parameter logistic (4PL) curve (“log(inhibitor) vs. response – variable 

slope” fit in GraphPad Prism). The IC50 (relative IC50) was calculated as the 

concentration of dexamethasone that gave a 50% inhibition of the LPS-induced IL-

6 response, where the top plateau of the curve was classed as 100% inhibition. The 

bottom of the curve was constrained to 0.  

 

Data from optimisation data were analysed by Mann Whitney and Wilcoxon tests. 

Coefficient of variation (CV) was calculated as [(standard deviation/mean) x 100]. 

 

5.3.7 Statistical analysis of laboratory, psychological and clinical data 

Data were analysed using GraphPad Prism version 5 and SPSS version 21. Data 

were described using the median and IQR of the population as well as frequency 

and percentages. Data were tested for normal distribution by Kolmogorov–

Smirnov test and were log transformed to ln (measure+1) if not normally 

distributed. 

5.3.7.1 Exploratory analysis 

Associations between demographic, clinical and laboratory data were analysed by 

Mann Whitney, Fisher’s exact test (if only two categorical variables) or Chi squared 

test (if more than two categorical variables) with a Z score post hoc test (a Z score 

over 1.96 indicated statistical significance). Correlations were analysed by 

Spearman’s rank correlation. Bonferroni correction was calculated as 

[0.05/number of tests]. 
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5.3.7.2 Regression analyses 

A separate regression model was generated for each psychological/laboratory and 

clinical/laboratory association explored. Data were not log transformed to aid 

interpretation. Both standardised and unstandardised β coefficients are given. The 

unstandardised β coefficient represents how many units the dependent variable 

changes in relation to a one unit increase in the independent variable. As different 

independent variables utilise different units it is not possible to compare the 

strength of the association of different independent variables with one dependent 

variable across these measures with the unstandardised β coefficient. The 

standardised β coefficient shows how many standard deviations the dependent 

variable changes for a one standard deviation increase in the independent variable. 

Therefore, the standardised β coefficients allow comparison of the strength of the 

different associations between one dependent variable and several different 

dependent variables from different models.  

 

Collinearity was checked for all final models and was considered unproblematic if 

tolerance was greater than 0.1, the variance inflation factor was less than 10 and if 

the condition index was less than 30 (Ho, 2006). The studentised residuals were 

generated to check the fit of the model. Studentised residuals were plotted against 

each of the covariates included in the model, the independent variable and the 

unstandardized predicted value. A good fit was indicated by residuals being 

randomly distributed about an average residual of zero with no pattern or trend 

being seen (Wade, 2014). 

 

5.4 Results 

5.4.1 Optimisation of glucocorticoid sensitivity assay 

The glucocorticoid sensitivity assay first needed to be optimised before patient 

and healthy control samples could be tested. The optimal concentration of LPS 

needed to stimulate pro-inflammatory cytokine production from PBMCs, the 

incubation time for LPS stimulation and the range of dexamethasone 

concentrations needed to give a full dose-response curve all required optimisation. 



206 

5.4.1.1 Optimisation of LPS dose response 

An LPS dose-response was carried out to select an appropriate LPS concentration 

to stimulate IL-6 production from PBMCs (Figure 5.1). Cryopreserved PBMCs from 

three JIA patients and three healthy controls were stimulated with 0.1 to 50ng/ml 

LPS for 24 hours. The JIA patients (all female, aged 16 with polyarticular JIA) and 

healthy controls were age and gender matched. 

 

The dose response shows that maximal IL-6 production was induced by 0.5ng/ml 

LPS and higher. As we wanted the final assay to detect changes in dexamethasone 

sensitivity, any variation seen in the assay needed to reflect dexamethasone 

sensitivity and not, for example, LPS sensitivity. Concentrations further down the 

dose response (0.1 to 0.5ng/ml LPS) were a potential source of variation as they 

produced sub-maximal IL-6 production and so were not suitable to use. A 

concentration of 20ng/ml LPS was therefore selected to take forward to future 

experiments.   

 

Both JIA and healthy control PBMCs were tested to ensure that LPS induced a 

substantial IL-6 response for both groups. There were no significant differences in 

IL-6 production between adolescent JIA patients and healthy controls indicating 

that 20ng/ml was a suitable concentration to use in both populations.  
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5.4.1.2 Optimisation of incubation time for LPS stimulation of PBMCs 

To select an appropriate incubation time for LPS stimulation, cryopreserved 

PBMCs from three adult healthy controls were stimulated with 20ng/ml LPS for 4 

hours and 24 hours (Figure 5.2). There was a trend towards higher IL-6 

production with the 24-hour stimulation that with the 4-hour stimulation, 

although this did not reach statistical significance. The 24-hour time point was 

therefore selected for future experiments. 
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Figure 5.2 IL-6 release by PBMCs after 4 and 24 hours stimulation with LPS 

PBMCs from adult healthy controls were stimulated with 20 ng/ml LPS for 4 and 24 

hours. Supernatants were then tested for IL-6 by luminex. Mean and standard error of 

the mean is shown. N=3 adult healthy controls. 

5.1 

 Key  

 JIA patient 1    

 JIA patient 2    

 JIA patient 3    

 Healthy control 1 

 Healthy control 2 

  Healthy control 3 

Figure 5.1 LPS concentration response for IL-6 production from PBMCs of 

adolescent healthy controls and adolescent JIA patients.    

PBMCs from three polyarticular JIA patients and three age and gender matched 

controls were stimulated with 0.1 to 50 ng/ml LPS for 24 hours. Supernatants were 

then tested for IL-6 by luminex. Mean and standard deviation shown. N=2 replicates 

per person.  

 

 

 

5.2 
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5.4.1.3 Optimisation of dexamethasone dose response 

Next, cryopreserved PBMCs from three adolescent healthy controls were 

stimulated with 20ng/ml LPS alone (Figure 5.3a) and co-incubated with a range of 

dexamethasone concentrations (10nM to 1μM dexamethasone) for 24 hours 

(Figure 5.3b). Percentage inhibition of the IL-6 response to LPS alone is shown in 

Figure 5.3b. Dexamethasone alone did not stimulate IL-6 production (IL-6 levels 

were below the lowest standard of the luminex assay (14pg/ml)).  

 

The range of dexamethasone concentrations used in this experiment was found to 

cover both the minimum and maximum percentage inhibition of LPS-induced IL-6 

release (Figure 5.3b). This experiment was then repeated for three JIA patients 

using 100nm to 1μM dexamethasone (Figure 5.3c and Figure 5.3d). This range of 

dexamethasone concentrations was also suitable for JIA patients and so was used 

for future experiments. 



209 

-9 -8 -7 -6

-20

0

20

40

60

80

THC3 THC4 THC11

Dexamethasone  (log M)

%
 In

h
ib

iti
o

n

 

     
H
ea

lth
y 
C
on

tro
l 1

H
ea

lth
y 
C
on

tro
l 2

H
ea

lth
y 
C
on

tro
l 3

0

5000

10000

15000

IL
-6

 (
p
g
/m

l)

          

       

 

 

 

 

 

 

5.4.1.4 Comparison of freshly prepared and cryopreserved PBMCs 

Previous studies investigating dexamethasone sensitivity have used freshly 

isolated PBMCS or, more commonly, whole blood. As the patients recruited for this 

study were seen at clinic throughout the entire day, as well as healthy controls 

being recruited on different days to JIA patients, assaying freshly prepared blood 

samples alongside healthy control samples was not logistically possible and so 

PBMCs had to be cryopreserved. The effect of cryopreserving PBMCs on LPS and 

dexamethasone sensitivity was therefore investigated. PBMCs from three adult 

healthy controls were stimulated with 0.05ng/ml LPS alone (Figure 5.4a) and co-

incubated with a range of dexamethasone concentrations (1pM to 400nM 

dexamethasone) (Figure 5.4b) for 4 hours.  

5.3a 5.3b 

Key for 5.3b 
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5.3c 5.3d 

Figure 5.3 LPS response and dexamethasone dose response of PBMCs from 

three adolescent healthy controls and three JIA patients 

PBMCs from three adolescent healthy controls were stimulated with 20 ng/ml LPS 

(5.3a) and co-incubated with 10nM to 1μM dexamethasone (5.3b) for 24 hours. 

PBMCs from three JIA patients were stimulated with 20 ng/ml LPS (5.3c) and co-

incubated with 100nM to 1μM dexamethasone (5.3d) for 24 hours. Supernatants 

were then tested for IL-6 by luminex. Figures 5.3b and 5.3d show the percentage 

inhibition of the LPS-induced IL-6 response from PBMCs by dexamethasone. Median 

and IQR is shown. N=2 replicates per person. 
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The incubation times, LPS and dexamethasone concentrations used in this 

experiment are different to those used in the final protocol. This is because this 

experiment formed part of a previous series of optimisation experiments designed 

for TNFα detection. These conditions were since found to be unsuitable for IL-6 

detection; 0.05ng/ml LPS did not stimulate the maximal IL-6 production and a 24 

hour time point was later found to stimulate higher levels of IL-6 rather than the 4 

hour time point used here. The conditions used in this experiment were therefore 

later replaced with conditions described in sections 5.4.1.1-5.4.1.3. However, the 

results concerning cryopreservation are still relevant to this IL-6 assay and so are 

presented below.  

 

Cryopreserved PBMCs showed a trend for higher LPS responsiveness (although 

this was not statistically significant), had a lower maximum percentage inhibition 

with dexamethasone (Wilcoxon signed rank, p=0.016) and showed higher 

variability in cytokine responses. The dexamethasone IC50 was not significantly 

different. This was not due to different mononuclear cell numbers as these were 

constant in both conditions. Despite finding a difference between fresh and frozen 

PBMCs, it was not logistically possible to use freshly isolated PBMCs as patient 

samples were received in the laboratory throughout the day. Frozen PBMCs were 

therefore used in all future experiments. 
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5.4.2 Blood sample collection 

In order to assess the inflammatory profile of JIA patients and healthy controls, 

blood samples were taken on the same date as psychological questionnaires were 

completed, and for patients, also on the same date as disease activity was assessed. 

Blood was collected from 107 patients. 7 patients were excluded as they had either 

taken oral prednisolone, had a steroid infusion or had an intra-articular steroid 

injection in the past month, meaning that blood samples from 100 patients 

remained in the study. Of these 100 patients, serum was collected from 92 patients 

and PBMCs were collected from 88 patients. Both serum and PBMCs were collected 

from 82 patients. The reason for not obtaining 100 paired serum and PBMC 

samples was due to a low volume of blood being collected and so only serum or 

PBMC samples were obtained. Blood was collected from 55 healthy adolescent 

controls from which serum was collected from 53 healthy adolescent controls and 

PBMCs were collected from 49 adolescent healthy controls. Both serum and 

PBMCs were collected from 47 healthy controls. As for the JIA patient blood 

samples, the reason for not obtaining 55 paired serum and PBMC samples was due 

to a low volume of blood being collected and so only serum or PBMC samples were 

obtained. There were no significant differences in socio-demographic, 

psychological or clinical data for patients or healthy controls who donated serum 

but not PBMCs or vice versa. 

 

 Key for 5.4b 

-9.0 -8.5 -8.0 -7.5 -7.0 -6.5 -6.0
-20

0

20

40

60

80

100

Fresh

Frozen 

Dexamethasone  (log M)

%
 In

h
ib

iti
o

n

 Freshly 
prepared  
PBMCs 

-9.0 -8.5 -8.0 -7.5 -7.0 -6.5 -6.0
-20

0

20

40

60

80

100

Fresh

Frozen 

Dexamethasone  (log M)

%
 I
n

h
ib

it
io

n

 Cryopreserved 

PBMCs 

 

Figure 5.4 LPS dexamethasone sensitivity of freshly prepared and cryopreserved 

PBMCs 

PBMCs from three adult healthy controls were stimulated with 0.05 ng/ml LPS (5.4a) 

and co-incubated with 1pM to 400nM dexamethasone (5.4b) for 4 hours. Supernatants 

were then tested for TNFα by ELISA. Figure 5.4b show the percentage inhibition of the 

LPS-induced IL-6 response from PBMCs by dexamethasone. Median and IQR is shown. 

N=3 replicates per person.  
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5.4.3  Data analysis overview 

An overview of the data analysis for chapter 5 can be found in Figure 5.5. 

 

Continued on next page. 
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5.4.4 Inflammatory profile of JIA patients and healthy controls 

The demographic, clinical and psychological profile of patients and healthy 

controls in this study can be found in chapter 4 (Table 4.12 and Table 4.13). As not 

all patients and healthy controls donated a matching blood sample (some healthy 

volunteers did not wish to donate blood but were happy to complete a 

psychological questionnaire), the demographic, clinical and psychological data of 

Figure 5.5 Overview of data analysis in chapter 5  

Inter quartile range (IQR), lipopolysaccharide (LPS), visual analogue scale 

(VAS). 
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those with and without a blood sample were compared. Patients who donated a 

blood sample had significantly higher trait anxiety scores (median 39, IQR 29–49) 

than those who did not donate a blood sample (median 32, IQR 25-39) (p=0.008). 

There was also a higher proportion of patients on biologics for those who had a 

blood sample (40.4% on biologics) when compared to those who did not have a 

blood sample (18.9% on biologics) (p=0.014). More healthy controls who donated 

a blood sample were Caucasian (63.6% Caucasian) than those who did not donate 

a blood sample (30.3% Caucasian) (p<0.001). A lower proportion of healthy 

controls who donated a blood sample identified with the ‘other ethnicity’ group 

(7.3% other ethnicity) than those who didn’t donate a blood sample (51.1% other 

ethnicity) (p<0.001). There were no other demographic, clinical or psychological 

differences between those who did and did not donate a blood sample.  

 

For the 100 JIA patients and 56 healthy controls who provided a blood sample, 

serum IL-6, serum cortisol, serum CRP (patients only), ESR (patients only) and 

glucocorticoid sensitivity was assessed ( 

Table 5.1). For the glucocorticoid sensitivity assay, PBMCs were stimulated with 

LPS alone and co-incubated with dexamethasone. The LPS-induced IL-6 response, 

dexamethasone IC50 and maximum percentage inhibition with dexamethasone 

were recorded.  
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Table 5.1 Laboratory measures for adolescent healthy controls and adolescent 

JIA patients. 

Serum IL-6 and serum cortisol were measured by ELISA. PBMCs were stimulated with 

20ng/ml LPS alone for 24 hours (LPS-stimulated IL-6) or co-incubated with 10nM to 

1µM dexamethasone. Supernatants were then tested for IL-6 by luminex. The 

dexamethasone IC50 and maximum percentage inhibition of LPS-induced IL-6 was 

then calculated. CRP and ESR data were collected from clinical records and so were 

not available for healthy controls. Median and IQR is shown. N=55 adolescent healthy 

controls. N=100 adolescent JIA patients. 

C reactive protein (CRP), erythrocyte sedimentation rate (ESR), lipopolysaccharide 

(LPS). 

 

 

For the glucocorticoid sensitivity assay, IL-6 production from unstimulated PBMCs 

was generally low (less than 100pg/ml IL-6). However, the unstimulated IL-6 

levels for three patients and four healthy controls were higher than this (median 

147 (IQR 143.5-248) for JIA patients and median 760.8, IQR 531.8 - 1367.3 for 

 Adolescent Healthy Controls 

(N=55) 

Adolescent JIA patients 

(N=100) 

 Median  (IQR) N(%) Median (IQR) N(%) 

IL-6 (pg/ml) 0.82 (0.43 - 1.27) 53 0.85 (0.52 - 1.62) 92 

CRP (mg/L)   0.9 (0.6 - 2) 89 

ESR (mm/hour)   2 (2 - 8) 91 

Cortisol (mg/ml) 68.42 (46.12 - 100.48) 48 59.77 (44.23 - 84) 87 

LPS-induced IL-6 

(pg/ml) 

7227.73  

(3990.78 –  

9605.11) 

49 

 

 

7560.84  

(4528.81 - 

11648.37) 

88 

 

 

IC50 (log M) -7.71  

(-7.85 - -7.57) 

33 

 

-7.72  

(-7.93 - -7.59) 

58 

 

Maximum 

percentage 

inhibition  

26.98  

(12.28 - 39.07) 

49 

 

31.47  

(13.71 - 40.44) 

88 

 

Time of sample 

      Morning 

      Afternoon 

  

24 (44.4%) 

30 (55.6%) 

  

14 (14.3%) 

84 (85.7%) 
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healthy controls). These individuals did not differ from the rest of the population 

in terms other laboratory parameter results, psychological health scores or, for 

patients, disease activity indicating that these individuals do not differ from the 

rest of the study population and so these results should not be excluded. 

 

There were no significant differences between any of the laboratory measures for 

JIA patients and healthy controls. No differences were found between blood 

samples taken in the morning or afternoon. 

 

5.4.4.1 Reproducibility of the glucocorticoid sensitivity assay 

32.7% of healthy controls and 34.1% of patients showed no dose dependent 

decrease in IL-6 production with dexamethasone. This is despite PBMCs from 

other healthy controls and JIA patients which were cultured on the same day with 

the same stock solutions of dexamethasone and LPS mounting sufficient 

dexamethasone and LPS responses. For those dexamethasone non-responders, a 

low maximum percentage inhibition was therefore recorded (typically under 20% 

inhibition) but an IC50 could not be generated. Patients and healthy controls who 

did not respond to dexamethasone had significantly lower LPS-induced IL-6 

responses than those who did respond to dexamethasone (Figure 5.6). There were 

no other differences in laboratory measures, psychological health scores or, for JIA 

patients, disease activity scores between those who did and did not respond to 

dexamethasone.  For those patients who did not respond to dexamethasone, the 

glucocorticoid sensitivity assay was repeated with another aliquot of PBMCs of 

blood taken on the same date. The results from these assays seemed to vary 

considerably from the original results. Therefore, an experiment to determine the 

coefficient of variation was conducted. One blood sample was taken from an adult 

healthy control and PBMCs were stored in 10 separate aliquots. The glucocorticoid 

sensitivity assay was then performed on ten separate days and results from each 

date compared (figure 5.5). The untreated control, LPS alone, LPS co-incubated 

with 100nM dexamethasone and the percentage inhibition of LPS-induced IL-6 

with dexamethasone was examined. The results from the culture on day 7 were 

excluded as no LPS response was seen. The coefficient of variation (CV) was 

therefore calculated from results from the other 9 days as is shown in Figure 5.6.  
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Figure 5.6 The LPS-induced IL-6 response of PBMCs from dexamethasone 

responders and non-responders 

PBMCs were stimulated with 20ng/ml LPS alone for 24 hours (LPS-stimulated IL-6) or 

co-incubated with 10nM to 1µM dexamethasone. The LPS response of PBMCs which 

mounted a dexamethasone response (DR) was compared to dexamethasone non-

responders (DNR) for both healthy controls (HC) and JIA patients (JIA).  Median and 

IQR are shown as error bars.  LPS responses were compared by Mann Whitney. HC 

DNR N=16, HC DR N=33, JIA DNAR N=30, JIA DR N=58.  *** P≤0.001 

Lipopolysaccharide (LPS), peripheral blood mononuclear cells (PBMCs).  

5.6 
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Figure 5.7 The variance of the glucocorticoid sensitivity assay 

One blood sample was taken from an adult healthy control and PBMCs were stored in 

9 separate aliquots. PBMCs were cultured on 9 separate days.  PBMCs were stimulated 

with 20ng/ml LPS alone (5.7a) for 24 hours, co-incubated with 100nM 

dexamethasone (5.7b) or media alone (untreated control) (5.7d). Supernatants were 

then tested for IL-6 by luminex. The percentage inhibition of LPS-induced IL-6 by 

100nM dexamethasone was then calculated (5.7c). The coefficient of variation was 

calculated as (standard deviation)/(mean) x 100. 

Lipopolysaccharide (LPS), dexamethasone (Dex), peripheral blood mononuclear cells 

(PBMCs), coefficient of variation (CV). 

 

5.4.4.2 Associations between laboratory parameters and demographic 

variables 

The relationship between the laboratory measures of inflammation and age were 

next explored. In JIA patients, age correlated with cortisol (log transformed) 

(r=0.235, p=0.029) and LPS-induced IL-6 (log transformed) (r=0.269, p=0.011). In 

healthy controls, age correlated with LPS-induced IL-6 (log transformed) (r=0.377, 

p=0.008). These associations did not remain after correcting for multiple tests 

(Bonferroni corrected significance level p=0.007).  

 

5.7b 

5.7c 
5.7d 

5.7a 
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The effect of gender on laboratory measures of inflammation was next explored. 

For JIA patients, females had significantly higher ESRs (median 2 mm/hr, IQR 2 – 4 

mm/hr) than males (median 5 mm/hr, IQR 2 – 13 mm/hr) (p<0.001). No other 

associations between laboratory measures of inflammation and gender were found 

for JIA patients or healthy controls.  

 

Neither ethnicity nor parental level of education associated with laboratory 

measures of inflammation for JIA patients or healthy controls. 

 

5.4.5 Associations between psychological health scores and laboratory 

parameters 

In chapter 4, total anxiety, total life events, depression, anxiety, wellbeing and 

resilience were explored in relation to disease activity and earlier in this chapter 

laboratory measures for healthy controls and JIA patients were described. Next the 

relationship between laboratory measures and psychological health scores were 

explored for both JIA patients and healthy controls. Firstly, simple exploratory 

analyses were conducted followed by the regression analyses. 

  

5.4.5.1 Exploratory analysis of psychological health scores and laboratory 

parameters  

Correlations between laboratory parameters and psychological health scores for 

both JIA patients and healthy controls were first explored.  

 

For JIA patients, resilience negatively correlated with dexamethasone maximum 

percentage inhibition (r=-0.339, p=0.050) ( 
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Figure 5.8). Other psychological and laboratory parameters were not associated. 

Scatter plots for all psychological and laboratory parameters for JIA patients are 

shown in Appendix D (figure 4). 

 

For healthy controls, anxiety correlated with LPS-induced IL-6 (r=0.295, p=0.040), 

and wellbeing negatively correlated with LPS-induced IL-6 (r=-0.309, p=0.032) 

(Figure 5.9). Other psychological and laboratory parameters were not associated. 

Scatter plots for all psychological and laboratory parameters for healthy controls 

are shown in Appendix D (figure 5). 

 

After correcting for multiple tests (Bonferroni corrected significance level 

p=0.001), none of these associations remained significant.  

 

  

 

 

 

 

 

 

 

 

 

 

Figure 5.8 The association between psychological health scores and laboratory 

measures for adolescent JIA patients. 

Scatter plot showing the association between resilience and dexamethasone 

maximum percentage inhibition of LPS-induced IL-6. 

PBMCs were stimulated with 20ng/ml LPS alone for 24 hours (LPS-stimulated IL-6 

(pg/ml)) or co-incubated with 10nM to 1µM dexamethasone. Supernatants were then 

tested for IL-6 by luminex. The dexamethasone maximum percentage inhibition of 

LPS-induced IL-6 was then calculated. After correcting for multiple tests (Bonferroni 

corrected significance level p=0.001), this association was not significant. * p≤0.05, ** 

p≤ 0.01, *** p≤0.001. N=100 adolescent JIA patients. 

Short Mood and Feelings Questionnaire – child version (MFQ-C), Resilience Scale 14 (RS-

14), Short Mood and Feelings Questionnaire – parent version (MFQ-P), 

lipopolysaccharide (LPS), dexamethasone (Dex), peripheral blood mononuclear cells 

(PBMCs).  

5.8a 
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5.4.5.2 Regression analysis of psychological health scores and laboratory 

parameters 

In chapter 4, anxiety, depression and wellbeing were found to associate with 

disease activity. We therefore next wanted to investigate whether these 

psychological parameters also associated with laboratory measures of 

inflammation. 

 

5.9a 

5.9b 

Figure 5.9 The association between psychological health scores and laboratory 

measures for adolescent healthy controls 

Scatter plots showing the association between anxiety and LPS-induced IL-6 (5.9a), and 

wellbeing and LPS-induced IL-6 (5.9b). 

PBMCs were stimulated with 20ng/ml LPS for 24 hours (LPS-stimulated IL-6 (pg/ml)). 

Supernatants were then tested for IL-6 by luminex. Anxiety scores were log 

transformed. Data were analysed using Spearman’s rank correlation. After correcting 

for multiple tests (Bonferroni corrected significance level p=0.001), none of these 

associations were significant. N=55 adolescent healthy controls. 

State Trait Anxiety Inventory (STAI), Warwick and Edinburgh Wellbeing Scale 

(WEMWBS), lipopolysaccharide (LPS), peripheral blood mononuclear cells (PBMCs). 
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For JIA patients, anxiety significantly associated with dexamethasone maximum 

percentage inhibition of LPS-induced IL-6 after controlling for age, gender and 

time of blood sample (Table 5.2). The relationship between depression and 

dexamethasone maximum percentage inhibition approached significance (Table 

5.3). No other relationships were found between depression, anxiety and 

laboratory measures of inflammation for JIA patients. Wellbeing did not associate 

with any laboratory measures of inflammation for JIA patients (Table 5.4). 

 

For healthy controls, the relationship between anxiety and LPS-induced IL-6 as 

well as the relationship between depression and LPS-induced IL-6 approached 

significance (Table 5.5 and Table 5.6). No other relationships were found between 

depression, anxiety and laboratory measures of inflammation for healthy controls. 

Wellbeing did not associate with any laboratory measures of inflammation for 

healthy controls (Table 5.7). 
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Dependent variable Adjusted R2 

Anova 

Significance 

(p value) 

Standardised 

β 

Unstandardised 

β 

Dependent 

variable 

significance 

(p value) 

Upper 95% CI for 

unstandardised  β 

Lower 95% CI for 

unstandardised  β  

Log serum IL-6 (pg/ml) 

N= 90 
-0.280 0.899 0.019 0.000 0.863 -1.505 0.637 

Log serum CRP (mg/L) 

N= 87 
-0.008 0.510 0.043 0.001 0.706 -0.003 0.005 

Log serum cortisol 

(mg/ml) 

N= 85 

0.062 0.059 -0.010 -0.001 0.363 -0.004 0.001 

Log LPS-induced  

IL-6 (pg/ml) 

N= 86 

0.065 0.037 0.084 0.001 0.447 -0.002 0.004 

Dex IC50 (log M) 

N=57 
0.075 0.089 0.001 0.000 0.997 -0.003 0.003 

Dex maximum 

percentage inhibition 

N=86 

0.023 0.211 0.224 0.168 0.050 0.000 0.336 

Table 5.2 Associations between anxiety and laboratory parameters for JIA patients   

Serum IL-6 and serum cortisol were measured by ELISA. PBMCs were stimulated with 20ng/ml LPS alone for 24 hours (LPS-stimulated IL-6) or 

co-incubated with 10nM to 1µM dexamethasone. Supernatants were then tested for IL-6 by luminex. The dexamethasone IC50 and maximum 

percentage inhibition of LPS-induced IL-6 was then calculated. CRP was collected from clinical records. Data were analysed using multiple linear 

regression models. The independent variable was anxiety. Age and gender were controlled for. Serum IL-6, serum CRP, serum cortisol and LPS-

stimulated IL-6 were log transformed. Anxiety was not log transformed. State Trait Anxiety Inventory (STAI), C-reactive protein (CRP), 

lipopolysaccharide (LPS), dexamethasone (Dex), peripheral blood mononuclear cells (PBMCs). 
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Dependent variable 
Adjusted 

R2 

Anova 

Significance 

(p value) 

Standardised 

β 

Unstandardised 

β 

Dependent 

variable 

significance 

(p value) 

Lower 95% CI for 

unstandardised  β 

Upper 95% CI for 

unstandardised  β  

Log serum IL-6 (pg/ml) 

N= 91 
-0.028 0.916 0.057 0.004 0.612 -0.010 0.017 

Log serum CRP  (mg/L) 

N= 88 
0.006 0.325 0.113 0.008 0.310 -0.008 0.024 

Log serum cortisol (mg/ml) 

N= 86 
0.071 0.040 -0.058 -0.003 0.599 -0.013 0.008 

Log LPS-induced IL-6 

(pg/ml) 

N= 87 

0.073 0.026 0.101 0.005 0.355 -0.006 0.016 

Dex IC50 (log M) 

N=57 
0.086 0.069 0.080 0.004 0.543 -0.008 0.016 

Dex maximum percentage 

inhibition 

N=87 

0.031 0.160 0.211 0.667 0.061 -0.032 1.367 

Table 5.3 Associations between depression and laboratory parameters for JIA patients   

Serum IL-6 and serum cortisol were measured by ELISA. PBMCs were stimulated with 20ng/ml LPS alone for 24 hours (LPS-stimulated IL-6) or 

co-incubated with 10nM to 1µM dexamethasone. Supernatants were then tested for IL-6 by luminex. The dexamethasone IC50 and maximum 

percentage inhibition of LPS-induced IL-6 was then calculated. CRP was collected from clinical records. Data were analysed using multiple linear 

regression models. The independent variable was depressive symptoms. Age and gender were controlled for. Serum IL-6, serum CRP, serum 

cortisol and LPS-stimulated IL-6 were log transformed. Short Mood and Feelings Questionnaire – child version (MFQ-C), C-reactive protein (CRP), 

lipopolysaccharide (LPS), dexamethasone (Dex), peripheral blood mononuclear cells (PBMCs). 
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Dependent variable Adjusted R2 

Anova 

Significance 

(p value) 

Standardised 

β 

Unstandardised 

β 

Dependent 

variable 

significance 

(p value) 

Lower 95% CI for 

unstandardised  β  

Upper 95% CI for 

unstandardized  β  

Log serum IL-6 (pg/ml) 

N= 90 
-0.022 0.787 -0.097 -0.003 0.370 -0.008 0.003 

Log serum CRP  (mg/L) 

N= 87 
0.002 0.371 -0.091 -0.003 0.399 -0.009 0.004 

Log serum cortisol  

(mg/ml) 

N= 85 

0.342 0.039 0.136 0.003 0.201 -0.001 0.007 

Log LPS (pg/ml) 

N= 86 
0.060 0.045 0.007 0.000 0.950 -0.004 0.005 

Dex IC50 (log M) 

N=57 
0.080 0.080 0.006 0.000 0.960 -0.006 0.006 

Dex maximum 

percentage inhibition 

N=86 

-0.070 0.490 -0.125 -0.169 0.255 -0.461 0.124 

Table 5.4 Associations between wellbeing and laboratory parameters for JIA patients   

Serum IL-6 and serum cortisol were measured by ELISA. PBMCs were stimulated with 20ng/ml LPS alone for 24 hours (LPS-stimulated IL-6) or 

co-incubated with 10nM to 1µM dexamethasone. Supernatants were then tested for IL-6 by luminex. The dexamethasone IC50 and maximum 

percentage inhibition of LPS-induced IL-6 was then calculated. CRP was collected from clinical records. Data were analysed using multiple linear 

regression models. The independent variable was wellbeing. Age and gender were controlled for. Serum IL-6, serum CRP, serum cortisol and 

LPS-stimulated IL-6 were log transformed. Warwick and Edinburgh Wellbeing Scale (WEMWBS), C-reactive protein (CRP), lipopolysaccharide 

(LPS), dexamethasone (Dex), peripheral blood mononuclear cells (PBMCs). 
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Table 5.5 Associations between anxiety and laboratory parameters for healthy controls   

Serum IL-6 and serum cortisol were measured by ELISA. PBMCs were stimulated with 20ng/ml LPS alone for 24 hours (LPS-stimulated IL-6) or 

co-incubated with 10nM to 1µM dexamethasone. Supernatants were then tested for IL-6 by luminex. The dexamethasone IC50 and maximum 

percentage inhibition of LPS-induced IL-6 was then calculated. Data were analysed using multiple linear regression models. Independent 

variable was anxiety. Age and gender were controlled for. Serum IL-6, serum cortisol and LPS-stimulated IL-6 were log transformed.  

State Trait Anxiety Inventory (STAI), lipopolysaccharide (LPS), dexamethasone (Dex), peripheral blood mononuclear cells (PBMCs). 

Dependent variable 
Adjusted 

R2 

Anova 

Significance 

(p value) 

Standardised 

β 

Unstandardised 

β 

Dependent 

variable 

significance 

(p value) 

Lower 95% CI for 

unstandardized  β   

Upper 95% CI for 

unstandardised β 

Log serum IL-6 (pg/ml) 

N= 53 
-0.018 0.557 0.049 0.000 0.961 -0.005 0.005 

Log serum cortisol 

(mg/ml) 

N= 48 

0.148 0.027 0.015 0.000 0.921 -0.003 0.003 

Log LPS induced IL-6 

(pg/ml) 

N= 49 

0.210 0.003 0.279 0.004 0.052 0.000 0.008 

Dex IC50  (log M) 

N=33 
0.196 0.038 -0.003 0.000 0.986 -0.005 0.004 

Dex maximum percentage 

inhibition 

N=49 

0.030 0.260 0.159 0.145 0.319 -0.149 0.435 
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Table 5.6 Associations between depression and laboratory parameters for healthy controls   

Serum IL-6 and serum cortisol were measured by ELISA. PBMCs were stimulated with 20ng/ml LPS alone for 24 hours (LPS-stimulated IL-6) or 

co-incubated with 10nM to 1µM dexamethasone. Supernatants were then tested for IL-6 by luminex. The dexamethasone IC50 and maximum 

percentage inhibition of LPS-induced IL-6 was then calculated. Data were analysed using multiple linear regression models. Independent 

variable was depressive symptoms. Age and gender were controlled for. Serum IL-6, serum cortisol and LPS-stimulated IL-6 were log 

transformed. Short Mood and Feelings Questionnaire – child version (MFQ-C), lipopolysaccharide (LPS), dexamethasone (Dex), peripheral blood 

mononuclear cells (PBMCs) 

Dependent variable Adjusted R2 

Anova 

Significance 

(p value) 

Standardised 

β 

Unstandardised 

β 

Dependent 

variable 

significance 

(p value) 

Lower 95% CI for 

unstandardised  β 

Upper 95% CI for 

unstandardised  β 

Log serum IL-6 (pg/ml) 

N= 53 
-0.011 0.498 0.081 0.006 0.586 -0.015 0.026 

Log serum cortisol 

(mg/ml) 

N= 48 

0.162 0.020 -0.121 -0.005 0.403 -0.017 0.007 

Log LPS-induced IL-6 

(pg/ml) 

N= 49 

0.203 0.004 0.259 0.015 0.065 -0.001 0.032 

Dex IC50 (log M) 

N=33 
0.198 0.036 0.051 0.002 0.778 -0.015 0.020 

Dex maximum 

percentage inhibition 

N=49 

0.017 0.323 0.098 0.369 0.526 -0.794 1.533 
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Table 5.7 Associations between wellbeing and laboratory parameters for healthy controls   

Serum IL-6 and serum cortisol were measured by ELISA. PBMCs were stimulated with 20ng/ml LPS alone for 24 hours (LPS-stimulated IL-6) or 

co-incubated with 10nM to 1µM dexamethasone. Supernatants were then tested for IL-6 by luminex. The dexamethasone IC50 and maximum 

percentage inhibition of LPS-induced IL-6 was then calculated. Data were analysed using multiple linear regression models. Independent 

variable was wellbeing. Age and gender were controlled for. Serum IL-6, serum cortisol and LPS-stimulated IL-6 were log transformed. Warwick 

and Edinburgh Wellbeing Scale (WEMWBS), lipopolysaccharide (LPS), dexamethasone (Dex), peripheral blood mononuclear cells (PBMCs). 

 

Dependent variable Adjusted R2 

Anova 

Significance 

(p value) 

Standardised 

β 

Unstandardised 

β 

Dependent 

variable 

significance 

(p value) 

Lower 95% CI for 

unstandardised  β 

Upper 95% CI for 

unstandardised  β 

Log serum IL-6 

(pg/ml) 

N= 52 

0.026 0.238 -0.183 -0.007 0.237 -0.018 0.005 

Log serum cortisol 

(mg/ml) 

N= 48 

0.148 0.027 0.016 0.000 0.911 -0.007 0.007 

Log LPS (pg/ml) 

N= 48 
0.201 0.005 -0.252 -0.008 0.083 -0.017 0.001 

Dex IC50 (log M) 

N=32 
0.188 0.046 0.001 0.000 0.995 -0.011 0.011 

Dex maximum 

percentage inhibition 

N=48 

0.018 0.318 -0.116 -0.238 0.465 -0.889 0.414 
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5.4.6 Associations between disease activity and laboratory measures 

Having explored associations between psychological health and disease activity, 

and between psychological health and laboratory measures of inflammation, we 

next explored the association between disease activity and laboratory measures of 

inflammation. 

 

5.4.6.1 Exploratory analysis of laboratory measures and disease activity  

Correlations between disease activity and laboratory parameters for JIA patients 

were first explored.  

Active joint count correlated with serum IL-6 (r=0.366, p<0.001) and CRP 

(r=0.313, p=0.001). Limited joint count correlated with serum IL-6 (r=0.413, 

p<0.001). Physician VAS correlated with serum IL-6 (r=0.272, p<0.001), CRP 

(r=0.286, p=0.008). Disability correlated with serum IL-6 (r=0.315, p=0.007) and 

CRP (r=0.238, p=0.047). Pain associated with serum IL-6 (r=0.318, p=0.004), CRP 

(r=0.270, p=0.018). JADAS3 correlated with serum IL-6 (r=0.324, p=0.003), CRP 

(r=0.318, p=0.005) and serum cortisol (r=-0.236, p=0.042). Other psychological 

and laboratory parameters were not associated. Scatter plots for all psychological 

and laboratory parameters for are shown in Appendix D (figure 6). 

 

After correcting for multiple tests (Bonferroni corrected significance level 

p=0.001), active joint count remained significantly associated with serum IL-6 and 

CRP and physician VAS remained significantly associated with serum IL-6 (Figure 

5.10).  No other associations remained significant. 

 

There were no associations between JIA subtype and the laboratory parameters.  

 

5.4.6.2 Regression analysis of laboratory measures and disease activity 

In section 5.4.5.2, it was shown that for JIA patients, dexamethasone maximum 

percentage inhibition of LPS-induced IL-6 significantly associated with anxiety, 

and the relationship with depression approached significance. No other 

inflammatory measures significantly associated with psychological health 

parameters. Therefore, dexamethasone percentage inhibition was next explored in 
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relation to disability, pain and physician VAS (the disease activity parameters 

significantly associated with psychological health parameters in chapter 4). 

 

Age and gender were taken forward as covariates in the regression models as they 

were both shown to associate with laboratory measures. Time of blood collection 

(morning or afternoon) was also included as a covariate for serum cortisol. After 

controlling for these covariates, dexamethasone maximum percentage inhibition 

was not associated with any disease activity measures (Table 5.8).  
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Figure 5.10 The association between disease activity measures and 

laboratory measures for adolescent JIA patients. 

Serum IL-6 (pg/ml) and serum cortisol (mg/ml) were measured by ELISA. CRP data 

were collected from clinical records. Data were analysed using Spearman’s rank 

correlation. * p≤0.05, ** p≤ 0.01, *** p≤0.001. N=100 adolescent JIA patients. 

Visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ), C-

reactive protein (CRP), JADAS3; juvenile arthritis disease activity score 3 (active joint 

count + physician VAS + patient VAS), lipopolysaccharide (LPS).  

5.10a 5.10b 

5.10c 
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Table 5.8 Associations between dexamethasone inhibition of LPS-induced IL-6 and disease activity measures for JIA patients 

PBMCs were stimulated with 20ng/ml LPS alone for 24 hours or co-incubated with 10nM to 1µM dexamethasone. Supernatants were then 

tested for IL-6 by luminex. The dexamethasone maximum percentage inhibition of LPS-induced IL-6 was then calculated. Data were analysed 

using multiple linear regression models. Independent variable was dexamethasone inhibition of LPS-induced IL-6. Age and gender were 

controlled for.  

Visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ). 

   

 

 

 

 

 

Dependent variable Adjusted 

R2 

Anova 

Significance 

(p value) 

Standardised 

β 

Unstandardised 

β 

Dependent 

variable 

significance  

(p value) 

Lower 95% CI for 

unstandardised  β 

Upper 95% CI for 

unstandardised  β 

Disability (CHAQ) 

N= 69 

-0.016 0.593 
0.109 0.003 0.383 -0.004 0.011 

Pain 

N= 75 

0.036 0.132 
0.147 0.022 0.209 -0.013 0.057 

Physician VAS 

N= 87 

-0.023 0.777 
0.102 0.010 0.359 -0.012 0.032 
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5.4.7 Associations between laboratory measures of inflammation at the first 

study visit and data from the second study visit 

Having explored cross-sectional associations between laboratory measures of 

inflammation and both psychological health scores and disease activity, results 

from the second study visit were then explored longitudinally. Of the 100 patients 

who provided a blood sample at the first study visit, 72 also completed a 

psychological health questionnaire at the second study visit 

 

The psychological health scores and disease activity scores from the second study 

visit can be found in chapter 4 (Table 4.23). As not all of the patients included in 

table 4.17 donated a blood sample at their first study visit, the psychological health 

scores and disease activity scores of those with and without a blood sample at the 

first study visit were compared. There were no significant differences in the 

demographics, psychological health scores and disease activity scores between 

patients at the second study visit who did and did not donate a blood sample at the 

first study visit.  

 

5.4.7.1 Association between first study visit laboratory parameters and 

second study visit psychological health measures 

5.4.7.1.1 Exploratory analysis of the associations between first study visit 

laboratory parameters and second study visit psychological health 

measures 

Associations between laboratory measures of inflammation at the first study visit 

and psychological health scores at the second study visit were next explored.  LPS-

induced IL-6 correlated with resilience (r=-0.300, p=0.015), and dexamethasone 

maximum percentage inhibition of LPS-induced IL-6 correlated with resilience (r=-

0.369, p=0.002) (Figure 5.11).   

 

After correcting for multiple tests (Bonferroni corrected significance level 

p=0.002), the dexamethasone maximum percentage inhibition of LPS-induced IL-6 

at the first study visit correlated with resilience at the second study visit. There 

were no other significant longitudinal correlations after the Bonferroni correction. 
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Scatter plots for all laboratory parameters at the first study visit and psychological 

health parameters at the second study visit are shown in Appendix D (figure 7). 
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5.11a 

5.11b 

Figure 5.11 Association between laboratory measures of inflammation at the 

first study visit and psychological health measures at the second study visit.  

Scatter plots showing the association between LPS-induced IL-6 at the first study 

visit and resilience at the second study visit (5.11a), and dexamethasone maximum 

percentage inhibition of LPS-induced IL-6  at the first study  visit and resilience 

(5.11b) at the second study visit.  

Anxiety and resilience were log transformed. Data were analysed using Spearman’s 

rank correlation. After correcting for multiple tests (Bonferroni corrected 

significance level p=0.002), only the association between dexamethasone maximum 

percentage inhibition and resilience remained significant. N=100 adolescent JIA 

patients at the first study visit and N=72 adolescent JIA patients at the second study 

visit. 

Resilience Scale 14 (RS-14), lipopolysaccharide (LPS), dexamethasone (Dex). 
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5.4.7.1.2 Regression analysis of the associations between first study visit 

laboratory parameters and second study visit psychological health 

measures 

As cross sectional associations were found between anxiety, depression and 

dexamethasone maximum percentage inhibition of LPS-induced IL-6 at the first 

study visit, these relationships were next explored longitudinally in regression 

analyses. The associations between dexamethasone percentage inhibition at the 

first study visit and both anxiety and depression at the second study visit were 

explored.  None of these associations remained after controlling for gender, age, 

time difference between study visits and psychological health scores at the first 

study visit (Table 5.9).   
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Table 5.9 Associations between dexamethasone maximum percentage inhibition of LPS-induced IL-6 at the first study visit and 

psychological health at the second study visit for adolescent JIA patients. 

Data were analysed using multiple linear regression models. Dexamethasone maximum percentage inhibition of LPS-induced IL-6 at the first 

study visit was the independent variable. Age, gender, time of blood sample collection and time between study visits and disease activity at the 

first study visit were controlled for.. State Trait Anxiety Inventory (STAI), Short Mood and Feelings Questionnaire – child version (MFQ-C) 

 

 

 

 

 

 

 

 

Dependent 

variable 

2nd study visit 

Adjusted 

R2 

Anova 

Significance 

(p value) 

Standardised 

β 

Unstandardised 

β 

Dependent variable 

significance  

(p value) 

Lower 95% CI for 

unstandardised  β 

Upper 95% CI for 

unstandardised  β 

Total anxiety 

(STAI) 

N= 65 

0.573 <0.001 -0.009 -0.009 0.935 -0.240 0.221 

Depressive 

symptoms 

(MFQ-C) 

N= 65 

0.454 <0.001 -0.040 -0.012 0.696 -0.076 0.051 
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5.4.7.2 The associations between first study visit laboratory parameters and 

second study visit disease activity measures 

5.4.7.2.1 Exploratory analysis of the associations between first study visit 

laboratory parameters and second study visit disease activity 

measures 

The correlations between laboratory measures at the first study visit and disease 

activity at second study visit were next explored. No associations were found.  

Scatter plots for all laboratory parameters at the first study visit and disease 

activity parameters at the second study visit are shown in Appendix D (figure 8). 

5.4.7.2.2 Regression analysis of the associations between first study visit 

laboratory parameters and second study visit disease activity 

measures 

In section 5.4.4.2, the associations between dexamethasone percentage inhibition 

and disability, pain, and physician VAS and were explored. No cross-sectional 

associations were found. These relationships were next explored longitudinally; 

dexamethasone maximum percentage inhibition at the first study visit was 

investigated in relation to disease activity (disability, pain and physician VAS) at 

the second study visit. None of these associations remained after controlling for 

gender, age, time difference between study visits and disease activity scores at the 

first study visit (Table 5.10).   
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Table 5.10 Associations between dexamethasone maximum percentage inhibition of LPS-induced IL-6 at the first study visit and 

disease activity at the second study visit for adolescent JIA patients. 

Data were analysed using multiple linear regression models. Dexamethasone maximum percentage inhibition of LPS-induced IL-6 at the first 

study visit was the independent variable. Age, gender, time of blood sample collection and time between study visits and disease activity at the 

first study visit were controlled for.  

Child Health Assessment Questionnaire (CHAQ), Visual analogue scale (VAS). 

 

 

Dependent variable 

2nd study visit 

Adjusted 

R2 

Anova 

Significance 

(p value) 

Standardised 

β 

Unstandardised 

β 

Dependent 

variable 

significance 

(p value) 

Lower 95% CI for 

unstandardised  β  

Upper 95% CI for 

unstandardised  β  

Disability (CHAQ (0-3)) 

N=43 
0.080 0.151 0.271 0.010 0.093 -0.002 0.022 

Pain VAS (0-10cm) 

N=44 
0.443 <0.001 0.140 0.022 0.245 -0.016 0.060 

Physician VAS (0-10cm) 

N=54 
0.322 <0.001 0.092 0.009 0.438 -0.015 0.034 
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5.5 Discussion 

In chapter 4, the association between disease activity and psychological health was 

explored in a cohort of adolescent JIA patients recruited from UCLH. Anxiety and 

depression associated with higher physician VAS, disability and pain measures. 

Psychological wellbeing associated with lower disability scores. This chapter 

aimed to investigate potential inflammatory mechanisms that may be driving these 

associations between psychological health and disease activity. Firstly, an assay to 

assess the glucocorticoid sensitivity of PBMCs was optimised. Blood samples were 

then collected from 100 JIA patients (with matched psychological questionnaires 

and clinical data) and 55 healthy controls (with matched psychological 

questionnaires) and all samples were tested for serum IL-6, serum cortisol, LPS-

induced IL-6 production from PBMCs and PBMC dexamethasone sensitivity. For 

JIA patients, serum CRP and ESR was recorded from their clinical blood test results 

where available. For healthy controls, there was a trend towards significance for 

the association between depression, anxiety and increased LPS-induced IL-6. 

There were no other associations between depression, anxiety, wellbeing and 

laboratory measures for healthy controls. For JIA patients, anxiety associated with 

increased cortisol sensitivity. The relationship between depression and increased 

cortisol sensitivity also approached significance. There were no other associations 

between depression, anxiety, wellbeing and laboratory measures for JIA patients. 

  

We found no differences in the inflammatory profile of JIA patients and healthy 

controls. IL-6 has long been associated with disease activity in JIA patients 

(Mangge et al., 1995, Kutukculer et al., 1998). Given this, one would expect IL-6 

levels to be elevated in JIA patients. However, we found no differences in either 

serum IL-6 or LPS-induced IL-6 levels between JIA patients and healthy controls. 

This may be attributable to the generally low levels of active disease in this cohort.  

 

We found no significant differences in serum cortisol levels of JIA patients and 

healthy controls. There is only one study to date that has compared the cortisol 

profile of JIA patients to that of healthy children. JIA patients with active disease 

had significantly lower cortisol levels than healthy controls (Bilginer et al., 2010). 
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However, there was no difference in cortisol levels between patients with in-active 

disease and healthy controls (Bilginer et al., 2010). On average, patients recruited 

to our study had low disease activity scores which may be why we did not see any 

differences in cortisol levels nor in glucocorticoid sensitivity when results from JIA 

patients were compared to healthy controls. Diurnal variations in cortisol levels 

(discussed below) may also be masking any possible differences between JIA 

patients and healthy controls. It should also be considered that the study by 

Bilginer et al. (2010) was of a very small and heterogeneous population of JIA 

patients and so the cortisol profile of JIA patients compared to healthy children 

remains to be fully profiled. In RA patients, several studies have found no baseline 

(i.e. in the absence of HPA axis stimulation) differences in serum cortisol and the 

same may be true for JIA patients (Pool et al., 2004, Dekkers et al., 2001). 

   

Studies have shown that baseline cortisol production increases with age for 

adolescents (Kiess et al., 1995, Walker et al., 2001) and that the cortisol awakening 

response increases in late adolescence (Platje et al., 2013). We saw an initial 

association between age and serum cortisol. However, this association lost 

significance after correcting for multiple tests. This may be because of the diurnal 

variations in cortisol production (discussed below) or because the age-range of 

our cohort was narrow, making age related associations difficult to detect (IQR 16-

17 years for control and 16-18 years for JIA patients). 

 

When gender differences were explored, females had higher ESR readings. ESR 

was measured in JIA patients as part of their routine clinical blood test and so ESR 

results were not quantified for healthy controls. Previous studies have found that 

ESR is higher in females (Miller et al., 1983). CRP has also been reported to be 

higher in females (Woloshin and Schwartz, 2005), which we also demonstrated in 

chapter 4. However, in the smaller populations further investigated in this chapter 

(those patients who also had results for serum IL-6, serum cortisol and the 

glucocorticoid sensitivity assay) no gender differences in CRP were found. This is 

most likely due to the smaller sample size because CRP levels between those who 

did and did not provide a blood sample for serum IL-6, cortisol and glucocorticoid 

sensitivity assessment were no different.  
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We found that dexamethasone responsiveness was dependant on the level of LPS-

induced IL-6 produced; those who did not respond to dexamethasone had 

significantly lower LPS-induced IL-6 levels than those who did respond to 

dexamethasone. This could be due to lower levels of TLR4 expression or due to 

preferential signalling through the TRIF/IRF3 signalling pathway leading to IFNγ 

production rather than MYD88 signalling which leads to pro-inflammatory 

cytokine release (Akira and Takeda, 2004). Dexamethasone non-responders may 

also have higher levels of endogenous negative regulators of TLR4. Cytoplasmic 

negative regulators of TLR4 include IRAKM (IL-1-receptor associated kinase M), 

which prevents the IRAK1/IRAK4 complex from dissociating from MYD88 and 

MYD88-short which binds IRAK1 but not IRAK4, preventing formation of the 

IRAK1/IRAK4 complex. Membrane bound repressors of TLR4 signalling include 

SIGIRR (single immunoglobulin IL-1R-related molecule) which interacts with 

IRAK1 and TRAF6 and IL1RL1 (IL-1-receptor like 1) which binds MYD88 and 

TIRAP preventing downstream signalling (Akira and Takeda, 2004). 

 

A considerable proportion of healthy controls (32.7%) and JIA patients (34.1%) 

showed no dose dependent decrease in IL-6 production with dexamethasone. This 

was associated with a low LPS induced IL-6 response (typically under 4000pg/ml 

IL-6). This is despite cells from these individuals being cultured alongside other 

patient and healthy control cells (all treated identically) that did mount a strong 

LPS-induced IL-6 response and dose-dependent dexamethasone response. The 

reasons for this are unclear. Dexamethasone responsiveness did not associate with 

any demographic, psychological or disease activity measures and this has not been 

previously reported in the literature.   

 

We did not find any associations between depressive symptoms and serum IL-6 or 

CRP in either healthy controls or JIA patients. The association between depression 

and increased circulating pro-inflammatory cytokines has been well characterised 

in adults (Dowlati et al., 2010). In adolescents there have been mixed results, 

although negative results were possibly due to the studies being underpowered 

(Gabbay et al., 2009, Blom et al., 2012, Brambilla et al., 2004, Copeland et al., 

2012a, Chaiton et al., 2010). Miller and Cole (2012) found that depression in 

adolescents associated with increased serum IL-6 and CRP, but only in those who 
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had experienced childhood adversity. Therefore, it may be that depression and 

inflammation are only associated in adolescents with heightened childhood risk 

factors for depression. We did not measure childhood risk factors for future 

depression, which may partially explain why we did not see these associations. 

Furthermore, we used the MFQ to measure depressive symptoms. Although this is 

a widely used and accepted measure of depression (Wood et al., 1995, Kent et al., 

1997) it was originally designed to screen for severe depressive symptoms in 

psychiatric patients and so is not so sensitive at quantifying lower levels of 

depressive symptoms. 

 

We found no associations between anxiety and serum IL-6 and CRP for either JIA 

patients or healthy controls. In comparison to the number of studies published 

exploring the association between depression and inflammation, very few studies 

have been published showing associations between anxiety and inflammation. Of 

the few published studies, most have looked at purely adult populations and 

results are very variable, making it difficult to compare our results (Vogelzangs et 

al., 2013, Copeland et al., 2012b, Pitsavos et al., 2006, O'Donovan et al., 2010). A 

large cohort study of anxiety and inflammation in adolescents is warranted to 

further explore the association between anxiety and inflammation in this age 

group and to confirm our results.  

 

Adults with major depression are known to have higher cortisol levels as well as 

higher cortisol awakening responses when compared to healthy controls 

(Bhagwagar et al., 2005). This has also been shown for adolescents with major 

depression (Ulrike et al., 2013, Van den Bergh and Van Calster, 2009). However, 

we did not see any association between cortisol and depression, which may be due 

to the measure of depressive symptoms used (discussed above) or due to diurnal 

variations in cortisol (discussed below). 

 

The relationship between anxiety and cortisol is not clearly defined. In adult 

populations several studies have compared basal cortisol and CARs of those with 

and without a diagnosed anxiety disorder. Results were mixed; one study found 

patients with anxiety to have higher basal cortisol and CARs (Mantella et al., 2008), 

one study found no difference (Hoehn-Saric et al., 1991) and one found patients 



 

 243 

with anxiety to have lower basal cortisol levels (O'Donovan et al., 2010). We did 

not find an association between anxiety and serum cortisol, which is consistent 

with the few previous studies in adolescent populations (Adam, 2006, Greaves-

Lord et al., 2007). 

 

In healthy controls, we found a trend towards depression and anxiety associating 

with increased LPS-induced IL-6. It has been shown that patients with depression 

and anxiety have higher LPS-induced pro-inflammatory cytokine responses and 

that increased symptoms of anxiety and depression associate with increased pro-

inflammatory cytokine release (Vogelzangs et al., 2016).  

 

In JIA patients, we found a trend towards depression associating with increased 

sensitivity to glucocorticoids. These results contradict previous studies that have 

shown depression to associate with lowered glucocorticoid sensitivity. Patients 

with major depression are known to have a lowered sensitivity to oral 

glucocorticoid treatment (Carroll et al., 1981) and lowered leukocyte sensitivity to 

ex vivo glucocorticoid  treatment (Lowy et al., 1988, Wodarz et al., 1991). Lowered 

glucocorticoid sensitivity contributes to the increased pro-inflammatory profile of 

serum from these patients. Glucocorticoid sensitivity has never before been 

explored in a healthy adolescent population and so this age difference may 

contribute to the difference in findings. A study in a larger cohort of both 

adolescent healthy controls and JIA patients is needed to confirm or disprove our 

results. 

  

We also found that anxiety associated with an increased sensitivity to 

glucocorticoids for JIA patients. No associations were found for healthy controls. 

The role of glucocorticoid sensitivity in anxiety disorders has not yet been fully 

characterised. A previous study found no association between sensitivity to oral 

glucocorticoid treatment and anxiety (Harris et al., 1988). Ours is the first study to 

our knowledge to explore the associations between ex vivo PBMC glucorticoid 

sensitivity and anxiety but the lack of association in healthy controls supports 

results from the in vivo studies. 
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Overall, these findings indicate that, as expected, healthy controls show an 

increased pro-inflammatory phenotype (as measured by LPS-induced IL-6) during 

times of low mood and anxiety. However, this was not seen in JIA patients, who 

unexpectedly showed an increased sensitivity to cortisol during times of low mood 

and anxiety (as measured by increased inhibition of LPS-induced IL-6 by 

dexamethasone). The results for JIA patients therefore do not support our 

hypothesis of depression and anxiety associating with a reduced sensitivity to 

glucocorticoids. Rather, the increased sensitivity may be due to the HPA axis 

dysregulation. Although HPA axis regulation has not been fully profiled for JIA 

patients, it has been widely studied in patients with RA. For RA patients, baseline 

cortisol levels are no different to healthy controls (Pool et al., 2004, Dekkers et al., 

2001). However, upon HPA axis stimulation (with exercise, mental tasks or 

psychological stressors), RA patients show a smaller increase in cortisol 

production than healthy controls (Pool et al., 2004, Dekkers et al., 2001). 

Furthermore, one can speculate that mood related cortisol production may 

temporally increase glucocorticoid receptor α expression, resulting in increased 

sensitivity. As no differences were seen in the average LPS-induced IL-6 levels or 

average percentage inhibition of LPS-induced IL-6 by dexamethasone, it seems 

that the HPA axis disruption in JIA patients is only seen upon HPA axis stimulation 

by psychological distress. No association was found between cortisol sensitivity 

and disease activity. This mood-related HPA axis dysregulation therefore appears 

to be unrelated to disease activity, but this will be further discussed in the final 

discussion (chapter 6).  

 

The effects of stress on pro-inflammatory cytokine levels (both in the serum and 

LPS-induced) (Maes et al., 1998, Kiecolt-Glaser et al., 2003, Miller et al., 2009) and 

glucocorticoid sensitivity (Miller et al., 2002, Cohen et al., 2012) have been widely 

reported and largely match associations seen between depression and 

inflammation. Interestingly, we did not see any correlations between life event 

stressors and any of the inflammatory parameters we explored. This lack of 

association may be specific to the adolescent population, but more likely this is due 

to differences in methodology. A perceived stress measure has not been validated 

across the age range recruited to this study, and so instead an objective measure of 

life event stressors was used. Had a perceived stress measure been available, 
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perhaps we would have seen associations in keeping with previous studies 

showing an association between perceived stress and inflammation. Furthermore, 

other methodological limitations (discussed below) may contribute to the lack of 

associations. 

 

We found no association between resilience and inflammation in adolescents with 

JIA. Previous studies have shown resilience and wellbeing to have protective 

effects against stress-induced inflammation. Wellbeing has been shown to 

associate with lowered pro-inflammatory gene expression (Fredrickson et al., 

2015), lower CRP levels and lower serum IL-6 levels (Friedman and Ryff, 2012). 

Furthermore, improving resilience has been shown to decrease serum IL-6 

(Schoen and Nowack, 2013) and increase salivary levels of the anti-inflammatory 

cytokine IL-4 (Fancourt et al., 2016). Overall, the protective effect of positive 

mental wellbeing and resilience on inflammation has been far less studied than the 

associations between depression, stress and inflammation. This is the first study to 

our knowledge that has explored these relationships in a purely adolescent 

population. A study of mental wellbeing, resilience and inflammation in a much 

larger cohort of healthy adolescents is warranted to confirm and further explore 

our finding of no association between wellbeing and lowered inflammation in 

adolescents.  

 

The results of any study are subject to appropriate methodological controls being 

in place. This is particularly important when measuring cortisol levels. It is well 

reported that cortisol levels vary throughout the day, with a peak cortisol release 

between 9am and 11am (the cortisol awakening response) and then a second 

smaller peak around 4pm in the afternoon (Gratsias et al., 2000). It is for this 

reason that psychobiology studies tend to collect blood samples between 9am and 

11am when the cortisol levels are highest. As the ethical approval for this study 

stipulated that research blood samples should only be taken along with a clinical 

blood test, we could not define the time at which patients had their blood taken as 

this depended on their appointment time. Only 14.3% of patient blood samples 

were taken during the morning. When laboratory measures were compared for 

samples taken in the morning and the afternoon, no differences were found. As 

well as serum cortisol levels, Gratsias et al. (2000) tested diurnal changes in LPS 
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and dexamethasone sensitivity of whole blood samples taken at several time 

points throughout the day from healthy individuals. LPS-induced TNFα responses 

were found to be higher in afternoon compared to the matched morning samples 

(Gratsias et al., 2000). However, the afternoon samples showed lower levels of 

inhibition with dexamethasone than the morning samples (Gratsias et al., 2000). 

Contrary to this, Burnsides et al. (2012) found that dexamethasone inhibition of 

LPS-induced IL-6 (also in whole blood) increased from 8.30am to 12.30am but 

then remained stable throughout the rest of the day. It is possible that 

methodological differences in LPS concentration, dexamethasone concentration 

and incubation times may account for these differences in findings (Burnsides et 

al., 2012). We did not see any differences between samples taken in the morning 

and afternoon. However, we were comparing inter-individual results. It may be 

possible that intra-individual diurnal changes in cortisol, IL-6, LPS sensitivity and 

dexamethasone sensitivity are greater than inter-individual variations, hence 

masking inter-individual diurnal changes. Had we had more control over the time 

of sample collection, firstly we could have conducted a serum cortisol time course 

experiment to establish the diurnal pattern of serum cortisol in adolescent JIA 

patients as opposed to healthy adolescents. We then would have selected a time 

period corresponding to the peak morning cortisol awakening response to drawn 

blood from study participants to test for glucocorticoid sensitivity, serum IL-6 and 

serum cortisol. Additionally, we could have collected hair samples to measure 

cortisol. This is advantageous over more traditional methods of saliva and serum 

cortisol measures as it can be used as an indicator of the average cortisol level 

during the past month (Sauve et al., 2007). Hair grows on average 1cm per month, 

so the 1cm of hair closest to the scalp gives a cortisol measure for the previous 

month (Wennig, 2000) and so is not affected by diurnal cortisol changes (Sauve et 

al., 2007). Hair cortisol levels have also been shown to associate with perceived 

stress over the past 1-2 months in healthy pregnant women (correlation 

coefficient r=0.47, p<0.05) (Kalra et al., 2007). Furthermore, hair cortisol has been 

shown to be elevated in patients with major depression (Dettenborn et al., 2012). 

These studies indicate the hair samples can be used to effectively measure cortisol 

in relation to chronic stress and depression. 

 



 

 247 

When optimising the glucocorticoid sensitivity assay, it was found that 

cryopreserved PBMCs were found to be less sensitive to dexamethasone (lower 

maximum percentage inhibition) and cytokine levels were far more variable than 

for freshly prepared PBMCs. There was also a trend towards higher LPS 

responsiveness in cryopreserved PBMCs, which may contribute to the lower levels 

of inhibition with dexamethasone. Ideally, glucocorticoid sensitivity would have 

been tested using freshly prepared PBMCs. However, patient blood samples were 

received in the lab throughout the entire day meaning that groups of blood 

samples could not be assayed together. Furthermore, the healthy control blood 

samples were received on different days to the patient blood samples meaning that 

patient and healthy control samples could not be assayed together if PBMCs were 

assayed fresh. Therefore, PBMCs had to be cryopreserved so that the samples 

could be defrosted and cultured in batches including appropriate healthy controls 

in each batch. 

 

The CV for the glucocorticoid sensitivity assay was found to be around 30% for the 

LPS alone, and LPS plus 100nM dexamethasone conditions. The CV for the 

percentage inhibition was 16%. It is generally accepted that the inter-plate CV for 

ELISAs should always be less than 20% and ideally less than 10%. However, this 

refers to manual error when testing the same sample on different ELISA plates. 

The CV explored here was referring to biological variation when the same cells 

were grown on different days under the same conditions. One may therefore 

expect this level of biological variation to be higher than 20%. However, currently 

there are no guidelines available as to what level of variation is acceptable for cell 

culture assays. When the LPS and dexamethasone sensitivity of freshly prepared 

and cryopreserved PBMCs was compared, the freshly prepared PBMCs showed 

less inter-person variation. It would be interesting to see if using freshly prepared 

PBMCs yielded lower variation between cell cultures, although this would not be 

practical to do. Previous studies assessing glucocorticoid sensitivity have largely 

used whole blood cultures (Miller et al., 2002, Carvalho et al., 2008, Damsgaard et 

al., 2009, Rohleder et al., 2001). Whole blood cultures have previously been found 

to show lower inter-person variability than PBMC cultures in glucocorticoid 

sensitivity assays (Degroote et al., 1992). Although not feasible for this study, it 

would be interesting to see if these whole blood cultures showed less intra-person 
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variation than isolated PBMC cultures. Furthermore, whole blood LPS-stimulated 

IL-6 release has previously been found to better reflect the response of isolated 

monocytes (Damsgaard et al., 2009). Given these advantages of whole blood 

cultures, future work should focus on whole-blood cultures to assess 

glucocorticoid sensitivity rather than working with isolated PBMCs. 

 

Overall, we found that PBMCs from healthy adolescent controls showed an 

increased pro-inflammatory phenotype during times of psychological distress. In 

contrast, PBMCs from JIA patients showed an anti-inflammatory phenotype during 

times of psychological distress. This may be due to HPA axis dysregulation, which 

is only observed when the HPA axis is stimulated by psychological distress. These 

mood-related changes in cortisol sensitivity appear to be unrelated to disease 

activity for adolescent JIA patients. Longitudinal studies in larger cohorts and 

further analyses of other inflammatory pathways would aid in better defining the 

directionality of this relationship. 
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Chapter 6.  Overall findings and future work 

6.1 Overall findings 

One aim of this thesis was to profile the psychological health of adolescents with 

JIA as compared to healthy adolescents. We investigated these relationships in two 

study populations; adolescent patients in the CAPS study (a nationwide inception 

cohort study of children with inflammatory arthritis), and in a UCLH based 

population of adolescent JIA patients. In the CAPS population (average age 13), 

14.7% of patients scored over the cut off for depressive symptoms whereas in the 

UCLH population (average age 17), 24.3% of patients scored over the cut off. The 

incidence of depression is known to increase with age across adolescence, which 

may explain the higher prevalence in the UCLH cohort (Nolen-Hoeksema and 

Girgus, 1994). This difference could also be due to different versions of the MFQ 

being used. CAPS uses the long version of the MFQ (child self-report) with a cut off 

score of 16 for probable major depressive disorder (Wood et al., 1995), whereas 

the UCLH population completed the short version of this same questionnaire, with 

a cut off score of 8 (Angold, 1995). A direct comparison of these cut off scores has 

not been made and so it is unknown as to whether the proportion of patients 

scoring over these cut off values are directly comparable.  

 

We also compared the psychological health scores of JIA patients and healthy 

adolescents. We compared life event stressors, depression, anxiety, resilience and 

wellbeing. As expected, JIA patients experience the same level of uncontrollable life 

stress as healthy controls. However, JIA patients experience lower levels of 

controllable life event stress. This is most likely due to the significant limitations in 

home, school and leisure activities experienced by these patients (Eyckmans et al., 

2011, Secor-Turner et al., 2011, Adam et al., 2005).  There was no significant 

difference in the psychological health scores between healthy controls and JIA 

patients for depression, anxiety, wellbeing and resilience. Previous studies 

comparing symptoms of depression and anxiety in JIA patients and healthy 

controls have yielded mixed results, with some finding no difference and others 

finding worse symptoms in JIA patients (Bomba et al., 2013, Adam et al., 2005, 

Kuburovic et al., 2014, Mullick et al., 2005, Ding et al., 2008, Tarakci et al., 2011).  
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Wellbeing and resilience have been far less studied than anxiety and depression in 

children and adolescents with chronic diseases. Existing studies suggest that JIA 

patients and adolescents with a chronic disease generally have worse mental 

wellbeing than their healthy peers (Yadav and Yadav, 2013, Emerson et al., 2009). 

No studies have previously compared the resilience of JIA patients and healthy 

children. Reasons for discrepancies between our findings and previous studies 

may be due to previous studies including mixed populations of children and 

adolescents. This is the first study to compare the mental health of a purely 

adolescent population of JIA patients and healthy controls. Another explanation for 

the difference in findings may be due to differences in the psychological 

questionnaires being used, making it difficult to directly compare findings. 

Furthermore, differences in the disease activity of patients included in previous 

studies and this study may contribute to different findings. Our UCLH cohort had 

generally low levels of disease activity. Had we only included those with active 

disease, we may have found differences between healthy controls and JIA patients, 

especially since we found disease activity to associate with worse mental health 

(discussed below). 

 

We next explored the association between psychological health and disease 

activity in both the UCLH and CAPS populations. In the CAPS cohort, depression 

was also found to associate concurrently with active joint count. Furthermore, 

active joint count at baseline predicted future depressive symptoms. In the UCLH 

cohort, depression and anxiety were not found to associate with active joint count. 

Previous studies have not found an association between depression and active 

joint count (Tarakci et al., 2011, Kuburovic et al., 2014) and we are not aware of 

any studies that have explored these associations longitudinally. In the UCLH 

cohort, depression and anxiety were found to associate with physician VAS. Only 

one previous study explored the association between depression, anxiety and 

physician VAS and found no association (Ding et al., 2008). This is the first study to 

comprehensively profile these associations in both cross-sectional and 

longitudinal analyses.  

 

The strongest relationships between psychological health scores and disease 

activity measures were the cross sectional associations between depression, 
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anxiety, disability and pain. Longitudinal analysis found that depressive symptoms 

at baseline, within 6 months of diagnosis, predicted worse pain and disability 12-

48 months later in the CAPS population. In addition, pain and disability at baseline 

predicted worse depressive symptoms 12-48 months later. In the UCLH cohort, 

these longitudinal associations also existed. Also, unlike the UCLH population were 

not an inception cohort. However, these results indicate a probable bi-directional 

relationship between pain, disability and low mood. Disability has been found to 

consistently associate with depression in previous studies of JIA patients in both 

cross sectional (Ding et al., 2008, Tarakci et al., 2011) and longitudinal analyses 

(Hoff et al., 2006). Results for associations between depression and pain have 

largely supported our results with both cross sectional (Margetic et al., 2005) and 

longitudinal associations being reported (Hoff et al., 2006).  

 

The fact that pain and disability associated with anxiety and depression but not 

active joint count and physician VAS suggests that anxiety and depression may be 

more strongly associated with non-inflammatory pain for JIA patients. Non-

inflammatory pain is defined as pain that cannot be explained by active disease or 

inflammation and is very common in JIA patients. Pain diaries that are completed 

by the patient every day for several weeks have exemplified this observation of 

non-inflammatory pain. In a study by Schanberg et al. (2003), 41 patients with 

polyarthritis kept a pain diary for two months. Patients with active disease 

reported experiencing pain on 85% of days (Schanberg et al., 2003). However, 

patients with minimal disease activity (ESR ≤ 30mm/hour, ≤ 5 active joints and 

PGA ≤ 2.5) still reported experiencing pain on 58% of days (Schanberg et al., 

2003). In a similar study by Lomhalt et al. (2013), even patients who were in 

remission still frequently reported experiencing pain. Therefore, other factors 

must be contributing to patients’ experience of pain. In a large cross-sectional 

analysis of 388 JIA patients (aged 9-16 years old), only 19.6% of variation in pain 

VAS scores could be explained by measures relating to disease activity meaning 

that over 80% of pain was related to factors other than active disease (Malleson et 

al., 2004). This discrepancy between active inflammation and pain for JIA patients 

highlights the multi-faceted nature of pain.  
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In the simplest sense, experiencing pain and disability can predispose to low mood, 

and those with low mood may be more likely to over-report symptoms of pain and 

disability as an expression of this. Furthermore, patients with low mood may be 

less likely to comply with self-management behaviours such as adherence to 

medication, physiotherapy exercises, attending appointments, using 

complementary therapies as well as possibly being less likely to seek out practical 

and social support from family, friends and healthcare providers (Lawson et al., 

2011, Stinson et al., 2008a, Harrison et al., 2012). Reduced adherence with self-

management behaviours may then result in worsened disease activity and 

disability. Pain and depression also share common biological processes. 

Noradrenaline and serotonin inhibit pain pathway signalling. Therefore, the 

lowered serotonin and noradrenaline levels associated with depression result in 

increased pain (Bair et al., 2003). Thinking behaviours may also mediate the 

relationship between pain and depression. Adolescents who use catastrophising as 

a coping strategy for pain report more depressive symptoms, which may be due to 

the rumination type behaviours common to both (Lynch-Jordan et al., 2013). This 

is particularly relevant for adolescents. The prefrontal cortex (PFC) (responsible 

for self-control) does not fully mature until adulthood whereas the limbic system 

(responsible for emotional reactivity) is already fully developed (Blakemore and 

Choudhury, 2006). This results in a bias towards poor cognitive emotion 

regulation, which in turn associates with depressive symptoms (Blakemore and 

Choudhury, 2006, Garnefski and Kraaij, 2006). Sleep disturbance associates with 

worse pain for JIA patients and in the general population sleep disturbance is a 

common symptom of anxiety and depression (Aviel et al., 2011). The directionality 

of the associations between pain, sleep and psychological distress is likely complex 

and bi-directional. The pain experienced by JIA patients can also lead to reduced 

physical activity (Limenis et al., 2014). This decreased activity may lead to a cycle 

of physical deconditioning, worsened disability and worsened pain, particularly for 

patients who believe that exercising will cause further joint damage, disability and 

pain (Limenis et al., 2014, Thastum et al., 2005). The social withdrawal associated 

with depression is likely to contribute to reduced physical activity and exacerbate 

this cycle (Limenis et al., 2014, Long and Rouster-Stevens, 2010). 
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As well as the interactions between anxiety, depression, disability and pain, many 

other factors have been found to contribute towards pain in recent years including 

pain sensitization, pain-specific illness beliefs, coping strategies used in response 

to pain and the role of parents in pain experiences for JIA patients. Each of these 

factors will be discussed below.  

 

In recent years, increasing scientific evidence has shown that inflammatory insult 

during crucial stages in development can result in pain sensitization later in life. 

Ruda et al. (2000) injected CFA into the hind paw of neonatal rats to induce a local 

inflammatory response. The control group of animals did not receive this initial 

CFA injection until they reached adulthood (Ruda et al., 2000). As adults, those 

animals which had received a neonatal inflammatory insult showed an increased 

pain sensitivity to CFA re-administration compared to controls (Ruda et al., 2000). 

Furthermore, this increased pain sensitization has been shown to occur even in the 

opposite hind paw that was free from any inflammatory insult (LaPrairie et al., 

2007). These results demonstrate that early-life inflammation may increase pain 

sensitivity later in life and that this may be centrally mediated.  

 

In-fitting with these results, JIA patients are known to experience pain 

sensitization. In a study of 58 JIA patients and 91 healthy controls, a digital 

pressure algometer was used to apply pressure at various body areas and study 

participants completed the Faces pain scale to assess pain tolerance. JIA patients 

showed a reduced pain threshold when compared to healthy children, even in 

areas typically unaffected by JIA e.g. the forehead (Leegaard et al., 2013). The pain 

threshold was unrelated to disease activity (Leegaard et al., 2013). In a similar 

study, Cornellissen et al. (2014) also found that JIA patients were hypersensitive 

not only to pressure related pain but also to thermal hot and cold related pain. 

Again, sensitivity to all three measures was unrelated to disease activity. The fact 

that neither study saw an association between pain location and disease activity 

indicates that JIA patients may be experiencing pain sensitisation through centrally 

mediated processes. Neither of these studies examined the effect of age of onset on 

pain sensitization. If the initially inflammatory insult (that is thought to induce 

pain sensitization) was to be classed as disease-onset, it would be interesting to 

investigate the pain sensitivity of JIA patients diagnosed as an infant to patients 



 

 254 

with adolescent-onset JIA and to patients with adult-onset inflammatory arthritis. 

The effect of experiencing anxiety, depression and stress on pain sensitization also 

warrants investigation as this could contribute to the associates between pain, 

disability, depression and anxiety found in this study. 

 

Pain-specific illness beliefs and associated coping strategies have also been shown 

to significantly associate with pain levels for JIA patients. Thastum et al. (2005) 

found that high pain scores in JIA patients associated with the beliefs that pain 

signifies disability, harm and that others should act solicitously towards you when 

experiencing pain than those with low pain scores (Thastum et al. 2005). Lower 

pain scores were associated with the beliefs of there being a medical cure for pain 

and that the patient is able to control pain (Thastum et al. 2005). When coping 

strategies were studied, those with higher pain scores were more likely to use 

catastrophizing and less likely to use positive self-statements as coping strategies 

than patients with low pain scores. Similarly, Lomhalt et al. (2013) compared the 

pain-specific illness beliefs and coping strategies of JIA patients taking and not 

taking anti-TNF biologics. Patients taking anti-TNF therapy generally had low 

levels of disease activity but some patients still reported high levels of pain 

(Lomhalt et al., 2013). Within the group of patients taking anti-TNF therapy, those 

with high pain scores were more likely to believe that pain signifies joint damage 

and disability (Lomhalt et al., 2013). Those with high pain scores were also more 

likely to use catastrophizing and less likely to use distraction as coping 

mechanisms (Lomhalt et al., 2013). These results suggest that an intervention 

aiming to change patients’ illness perceptions and associating coping styles may 

improve pain for JIA patients. Furthermore, given the results from this study, it 

would be interesting to see if such an intervention could also improve disability, 

anxiety and depression scores for JIA patients.   

 

The wider family context has also been shown to significantly associate with pain 

experiences for JIA patients. Parents’ personal experiences of pain have been found 

to associate with the pain experienced by their child. JIA patients whose parents 

experience chronic pain are more likely to report higher pain scores (Schanberg et 

al., 2001). When coping styles were then explored, catastrophizing as a pain coping 
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mechanism was found to mediate the relationship between parental and child pain 

levels (Schanberg et al., 2001).  

 

Parental responses to pain have also been found to associate with physical activity 

levels and disability levels. Connelly et al. (2010) asked patients to report pain 

levels and physical activity three times a day for two weeks. Parents were also 

asked to record their responses to their child’s pain at these times.  Protective 

responses pain (which may include paying extra attention to the child or 

permitting the child to avoid certain tasks or activities) were used 100% of the 

time and were associated with activity reduction (Connelly et al., 2010). 

Distraction (used 46% of the time) increased physical activity but only for those 

with severe disease activity (Connelly et al., 2010). Peterson et al. (2004) 

investigated parental responses to pain and child disability levels in a mixed group 

of patients with JIA, recurrent headache and sickle cell disease, all aged 8-16 years.  

Protective responses to were found to associate with worse disability (Peterson et 

al., 2004). When the child’s psychological health was also investigated, child 

depression and anxiety levels were found to moderate this relationship (Peterson 

et al., 2004). A longitudinal study of parental responses to pain and child disability, 

pain levels and psychological health may help to establish the directionality of 

these associations. Gaining a better understanding of these relationships may help 

to inform any future intervention studies involving children with JIA and their 

parents. 

 

Having a child with JIA can also have a considerable impact on the parent’s 

psychological wellbeing. A meta-analysis of 29 qualitative studies exploring the 

experiences of parents who have a child with JIA found the following main themes; 

they feel the whole family dynamic is affected and JIA is the focus of family life; 

their caregiving role means that they have less time for normal parenting 

interactions with their child; they find the caregiving role to be very demanding, 

emotional and distressing when they cannot control their child’s pain; they feel 

they are closer to their child as a result of their caregiving role (Knafl et al., 2015). 

Another study found that parents reported fluctuating emotions regarding their 

child’s JIA (Gómez-Ramírez et al., 2016). Parents described an underlying sense of 

anxiety and worry regarding the unpredictable nature of the disease, fear of flares, 
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how their child’s future will be affected, gratitude when medications worked, 

worry about the side effects of medications and a strong sense of pride in their 

child’s emotional strength (Gómez-Ramírez et al., 2016). Given the strong 

emotions described in these focus groups, it would not be surprising if parents of 

children with JIA were at increased risk of psychopathology.  

 

There have been mixed reports in the literature as to whether parents of JIA 

patients experience increased symptoms of anxiety, depression or worse health 

related quality of life compared to parents of healthy children (Manuel et al., 2001, 

Press et al., 2002., Gerhardt et al., 2003., Haverman et al., 2014). In this study, 

parents were asked to complete a parental stress questionnaire. Unfortunately, we 

were not able to recruit parents of healthy controls due to logistics in providing 

this comparator group. However, for adolescents with JIA, we were able to explore 

the relationships between parental stress and their child’s psychological health 

and disease activity. When parental stress levels were compared to child 

psychological health scores, we found that parental stress correlated with their 

child’s depression, anxiety and wellbeing scores. The effect of parental stress on 

their child’s externalising behaviours has been widely reported. Far fewer studies 

have investigated the association with parental stress and their child’s 

internalising problems but what studies there are confirm our results seen in the 

adolescent age range (Rodriguez, 2011, Costa et al., 2006, Anthony et al., 2011). 

Other aspects of parental psychological health have also been shown to associate 

with the psychological health of JIA patients. In a meta-analysis exploring the 

experiences of parents of JIA patients, Knafl et al. (2015) found that parental 

depressive symptoms consistently associated with their child’s depressive 

symptoms. Furthermore, general measures of parent psychological distress have 

been found to associate with worse health related quality of life for JIA patients 

(Toupin et al., 2012). When associations between parental stress and their child’s 

disease activity were explored, parental stress was found to correlate with 

worsened pain and disability scores for JIA patients (Toupin et al., 2012). Previous 

studies looking at the relationship between disease activity and parental 

psychological health measures have yielded mixed results and the directionality 

behind these relationships remains unclear   (Anthony et al., 2011, Knafl et al 2015, 

Toupin et al 2012). It would be interesting to know whether parental psychological 
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health measures associate with parent responses to their child’s pain and how 

these factors influence patient coping styles in relation to pain, disability and 

psychological distress.  

 

We hypothesised that increased inflammation and a reduced sensitivity to 

endogenous cortisol may be driving mood related changes in disease activity. 

Therefore, associations between psychological health scores and laboratory 

measures of inflammation were also explored in the UCLH cohort. As expected, for 

adolescent healthy controls with higher anxiety and depression scores there was a 

trend for higher increased LPS-induced IL-6 response. This mood–associated pro-

inflammatory phenotype has been well described in a meta-analysis by Dowlati et 

al. (2010). In contrast, JIA patients showed an anti-inflammatory phenotype during 

times of low mood and anxiety (as measured by increased inhibition of LPS-

induced IL-6 by dexamethasone). This is in contrast to the results of previous 

studies in otherwise healthy individuals, which have shown that anxiety and 

depression associate with decreased cortisol sensitivity and increased 

inflammation (Lowy et al., 1988, Wodarz et al., 1991). 

 

The increased cortisol sensitivity seen with increased anxiety and depression does 

not explain the mood-related increases in pain, disability and physician VAS seen 

in this UCLH cohort. Furthermore, psychological health did not associate with 

inflammatory disease activity measures in JIA patients such as the active joint and 

CRP. Rather, anxiety and depression associated with other aspects of disease 

activity; pain, disability and physician VAS. These results indicate that mood-

associated changes in disease activity are less likely to be driven by increased 

inflammation. Furthermore, the mood-associated increased cortisol sensitivity 

appears to be a separate observation unrelated to disease activity and requires 

further investigation to delineate the mechanisms involved. 

 

The anti-inflammatory phenotype seen in JIA patients during times of anxiety and 

low mood contrasts to the pro-inflammatory phenotype that was seen in healthy 

controls. The discrepancy in findings between JIA patients and healthy controls 

may be explained by the HPA axis dysregulation in JIA patients, although HPA 

activity in JIA is not fully understood. Theoretically, HPA axis dysregulation in JIA 
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patients could explain why JIA patients showed an anti-inflammatory profile 

during times of low mood and anxiety whereas healthy controls showed an 

increased pro-inflammatory profile during times of low mood and anxiety.  Any 

alterations in cortisol regulation could make JIA more sensitive to psychological 

distress-associated increases in cortisol.  

 

When the inflammatory profile of all JIA patients and all healthy controls was 

compared (regardless of disease activity or psychological health), no differences 

where seen. It was only the relationship between inflammation and psychological 

distress that was different between healthy controls and JIA patients. It therefore 

seems that HPA axis dysregulation in JIA patients is only seen upon HPA axis 

stimulation by psychological distress. 

 

There are several limitations of this study. The first is the variability in laboratory 

results due to both diurnal variations and cell culture conditions. Both cortisol 

levels and cortisol sensitivity are known to show diurnal variations (Gratsias et al., 

2000). However, the ethical approval for this study stipulated that research blood 

samples could only be taken along with a clinical blood test. This meant that we 

could not define the time at which patients had their blood taken as this depended 

on the time of their outpatient clinical appointment. The diurnal variation in 

cortisol levels and cortisol sensitivity is likely to be larger than any variation 

caused by psychological distress. Ideally, all samples would have been taken at one 

fixed time of day (during the peak cortisol awakening response) to appropriately 

control for this variation and allow us to see associations with psychological health 

parameters. Another source of variation in the glucocorticoid sensitivity assay was 

culturing cryopreserved PBMCs instead of whole blood. We found that 

cryopreserved PBMCs were less sensitive to dexamethasone and gave more 

variable results when compared to freshly prepared PBMCs. Ideally we would have 

used whole blood cultures as they have previously been found to show lower inter-

person variability than freshly prepared PBMC cultures in glucocorticoid 

sensitivity assays (Degroote et al., 1992). However, this was not feasible for us to 

do due to the different times of day and different days that we received patient and 

healthy control blood samples.   
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6.2 Future work  

In order to confirm the results presented in this thesis, this study should be 

repeated in a much larger population of adolescent JIA patients. With a larger 

study population, other variables known to associate with psychological health, 

disease activity and inflammation could be controlled for. This includes JIA 

subtype, disease duration, medication (Petty et al., 2004), childhood risk factors of 

psychopathology (Miller and Cole, 2012) and socioeconomic status (McLaughlin et 

al., 2012). In adolescents, body mass index has been shown to associate with 

increased cortisol responses to stress and lowered glucocorticoid sensitivity in 

adolescents (Huang et al., 2014, Dockray et al., 2009). Adolescents who smoke 

have been shown to have higher cortisol levels than non-smokers (Canals et al., 

1997) and in adult asthmatics, smoking reduces the LPS-induced TNFα and IL-6 

response of alveolar macrophages (Kane et al., 2009). Adolescents who regularly 

drink alcohol have been shown to have a blunted CAR (Ruttle et al., 2015), but the 

effect of alcohol on glucocorticoid sensitivity has not yet been explored. Exercise 

has also been shown to increase cortisol levels in adolescents and has been shown 

in adults to decrease glucocorticoid sensitivity (Duclos et al., 1999, Thomas et al., 

2009). Contraception has also been shown to associate with measures of 

inflammation. Adults taking oral contraceptives have a blunted cortisol response 

to stress, lower LPS-induced IL-6 response after acute stress, and a higher 

dexamethasone IC50 after stress (Rohleder et al., 2003). All of these factors should 

ideally be controlled for in a sufficiently powered study to fully confirm the 

associations and lack of associations found in this study.  

 

It would also be interesting to recruit patients at diagnosis, with active disease 

before DMARD treatment begins. This approach would reduce three main sources 

of variation in the current study; disease activity status (active/inactive), disease 

duration and medication use.  For longitudinal analysis in the UCLH cohort, data at 

only two time points was available. A larger corroborative study should collect 

data at minimum of 3 time points in order to conduct more informative data 

analysis, such as the linear mixed effect models carried out in the CAPS cohort. 

This longitudinal analysis should also control for the covariates discussed above.  
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The study presented in this thesis used the pain VAS as a measure of pain. 

Although widely used both in the clinical practice and in studies, the pain VAS has 

many limitations. The 0-10cm scale cannot provide information about arthritis-

specific pain, pain intensity, frequency, pain sensation or the location of the pain. 

Therefore, for future studies a multi-dimensional pain tool should be used instead 

of the pain VAS. E-Ouch is an electronic pain diary developed specifically for 

adolescent JIA patients (Stinson et al., 2008b). The electronic diary asks patients to 

report pain experienced at three time points in the past 24 hours. As well as the 

pain VAS, the pain diary also assesses pain intensity, the location of the pain, pain 

unpleasantness, pain-related interference in daily activities, pain coping, joint 

stiffness and fatigue (Stinson et al., 2006).  In a study testing the usability of E-

Ouch in adolescents with JIA, all patients found the pain diary quick to complete, 

user friendly and preferable to paper-based questionnaire formats (Stinson et al., 

2006). E-Ouch has proven to be a reliable and valid tool for pain assessment in this 

population and reduces recall bias, which is a limitation for paper-based weekly 

pain assessments (Stinson et al., 2008b). One limitation of this pain diary is that it 

requires signficiantly more time to complete the multiple questionnaires 

compared to just one pain VAS. For longitudinal studies that take place over many 

weeks or months the time burden of these daily questionnaires may result in 

increased missing data due to questionnaire fatigue. Overall, the electronic pain 

diary may be a useful tool to use in future studies exploring pain in adolescent JIA 

patients but patient engagement over time should first be assessed in a pilot study. 

 

 As well as capturing the direct symptoms of pain, it would also be useful to include 

a multi-dimensional pain assessment tool that captures the physical, psychological 

and social aspects of pain. The bath adolescent pain questionnaire (BAPQ) is a 

multidimensional tool to assess several pain-related domains; social functioning, 

physical functioning, depression, anxiety, pain specific anxiety, family functioning 

and development (Eccleston et al., 2005). The BAPQ showed good reliability and 

validity for adolescents with chronic pain and for adolescents with JIA (Eccleston 

et al., 2005). This would be a particularly useful tool to use in future studies 

investigating the relationship between psychological health and pain as physical 

functioning, depression and anxiety and pain-specific anxiety could all be 
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measured using one questionnaire, reducing patient burden and questionnaire 

fatigue.  

 

In such a corroborative study, there are a number of changes that should be made 

to the laboratory protocols. Firstly, a serum cortisol time course experiment could 

be conducted to establish the diurnal pattern of serum cortisol in adolescent JIA 

patients as opposed to healthy adolescents. We then could have selected a time 

period corresponding to the peak morning cortisol awakening response to drawn 

blood from all study participants. This would control for diurnal variations in 

cortisol and glucocorticoid sensitivity (Gratsias et al., 2000). Secondly, the 

glucocorticoid sensitivity assay should be conducted on whole blood samples to 

eliminate the variation seen by culturing isolated PBMCs and from cryopreserved 

PBMCs (Degroote et al., 1992). This would mean that blood would need to be taken 

from groups of several JIA patients and healthy controls at the same time to ensure 

that the assay is adequately controlled. Additionally, hair samples could be 

collected to measure average cortisol production from the past month (Sauve et al., 

2007). This measure of cortisol is not affected by diurnal variation and has been 

shown to associate with perceived stress and depression (Sauve et al., 2007, Kalra 

et al., 2007, Dettenborn et al., 2012). 

 

It would also be interesting to repeat this assay in synovial fluid mononuclear cells 

(SFMCs) in a subgroup of patients with active disease. Previous studies have 

compared the cytokine and chemokine levels in synovial fluid and plasma taken on 

the same day from JIA patients. Synovial fluid was found have higher levels of IL-6 

and other pro-inflammatory cytokine and chemokines compared to plasma (de 

Jager et al., 2007). When the cellular composition of PBMCs and SFMCs was 

compared, SFMCs had a higher proportion of CD8+ cells, B cells and NK cells and a 

lower proportion of lower proportion of CD4+ T cells (Hunter et al., 2010).  The 

synovial fluid cellular composition also more closely associates with clinical 

outcomes than that of PBMCs (Hunter et al., 2010). Therefore, if mood-related 

changes in SFMCs were found, this could represent more clinically relevant 

findings. However, the inflammatory environment at the joint may over-ride any 

subtle mood-related inflammatory changes and not all patients would have 
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synovial fluid aspirated, which would significantly limit the sample size of this sub-

study.  

 

Our results have shown strong associations between depression at diagnosis and 

both current and future pain and disability for adolescent JIA patients. Providing 

psychological support at diagnosis therefore has the potential to improve both 

current and future pain and disability. The British Society for Paediatric and 

Adolescent Rheumatology (BSPAR) has published recommended standards of care 

for JIA patients (Davies et al., 2010). The guidance for care at diagnosis focuses on 

prompt referral to paediatric rheumatology and access to DMARDs and biologics to 

control active inflammation (Davies et al., 2010). Referral to physiotherapy and 

occupation health is also recommended (Davies et al., 2010). However, assessment 

of psychological wellbeing at diagnosis is not included in these standards of care. 

The standards of care also list the essential members of a paediatric rheumatology 

multidisciplinary team) (Davies et al., 2010).  This list does not include a 

psychologist. Since our results indicate that depression is highly prevalent during 

adolescence and that depression at diagnosis strongly associates with current and 

future pain and disability, access to a dedicated paediatric rheumatology 

psychologist may improve the mental wellbeing of patients as well the pain and 

disability they experience.  

 

In order to create an evidence base for increased psychological support for JIA 

patients, a prospective controlled intervention study looking at the effect of mind-

body therapies (meditation, yoga, Tai Chi and Qigong) on pain, disability, anxiety 

and depression could be conducted. The positive effects of mind-body therapies on 

the psychological health of healthy adolescents are well established. In a school-

based adolescent population, a mindfulness meditation intervention was show to 

reduce depressive symptoms (Raes et al., 2014) and in an adolescent psychiatric 

outpatient population, a mindfulness intervention decreased anxiety and 

depression as well as improving self-esteem (Biegel et al., 2009).    

 

Although these interventions have been studied in adolescent populations, little 

research has been done on the effect of mind-body therapies on pain and disability 

in adolescents with chronic disease. There have been some studies in adult RA 
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populations. Zautra et al. (2008) compared two types of interventions in RA 

patients; CBT for pain, and mindfulness meditation (Zautra et al., 2008). Both 

improved pain coping but mindfulness meditation was found to also improve 

mood and joint tenderness (Zautra et al., 2008). Yoga interventions have also been 

studied in RA patients. Yoga has been shown to improve disability, pain and 

depressive symptoms (Bosch et al., 2009). Tai Chi interventions in RA patients 

have yielded mixed effects. Uhlig et al. (2005) found that Tai Chi had no effect on 

depressive symptoms, pain, disability or disease activity in RA patients but did 

reduce stress (Uhlig et al., 2005, Uhlig et al., 2010). In contrast, a qualitative study 

by Waite-Jones at al. (2013) found that Tai Chi reduced anxiety and depression as 

well as improving social support (Waite-Jones et al., 2013). Given that mind-body 

therapies have proven effective in both healthy adolescent and adult RA 

populations, one would expect mind body therapies to improve mood, and also 

possibly pain and disability for adolescent JIA patients.  

 

The effect of mind-body therapies on inflammation was recently reviewed by 

Bower and Irwin (2016). The results were mixed; whereas half the studies 

included in the review found that mind-body therapies had no effect on serum IL-6 

and CRP, half the studies found reductions in serum IL-6 and CRP (Bower and 

Irwin, 2016). However, it is important to note that these reductions in serum CRP 

and IL-6 were very small and the clinical relevance of this is unknown (Bower and 

Irwin, 2016). It would be interesting to look at the effect of mind-body therapies 

on serological markers of inflammation in adolescent JIA patients. 
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Appendix A. Literature search strategy 

The literature search was carried out using publications available in Medline 

(PubMed) and Web of Science (Web of Science Core Collection). The search was 

restricted to reports in English. An example of search terms used to find articles 

relating to adolescent JIA patients would be: 

 

TOPIC: (“juvenile arthritis” OR “juvenile NEAR/3 arthritis” OR “JIA” OR 

“JRA”) AND TOPIC: (“adol*” OR “teen*” OR “young person*” OR “young 

people*”) AND DOCUMENT TYPES: (Article). 

 

Search results were sorted by ‘relevance’, by ‘times cited – highest to lowest’ and 

by ‘publication date – newest to oldest’.   

 

Articles that were the first to show a particular relationship or finding were 

referenced throughout the thesis.  
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Appendix B. Psychological Questionnaires 

B.1. Adolescent JIA Patient Psychological Questionnaire Pack 

 

YOUNG PERSON WITH ARTHRITIS QUESTIONNAIRE PACK 

VERSION 1.3 – 22/12/13 

 

Researcher name: Laura Hanns and John Ioannou 

 

For some people, during times of stress their arthritis gets worse. This part of the 
project aims to look at how the immune system behaves differently when young 
people with arthritis get stressed. If we can understand how this happens, we can then 
work towards preventing these flare ups of arthritis. We are also interested in looking 
at how your parents stress can influence this. 
 
As part of the study, we would like you to complete a pack of questionnaires when you 
come in for your appointment. These questionnaires will ask you about your mood, 
how you have been feeling and if any important events have recently happened in 
your life that may be causing you to feel more stressed than usual. There will also be a 
questionnaire pack for your parents if they are also coming along to the appointment 
 
We will then compare this to the notes the doctor has made during your appointment 
and we will use the blood sample to look at how the immune system is behaving 
differently during times of stress. You will not have to give any extra blood than 
normal. No blood will be taken from parents at any time. 
 
If you would like to take part, we ask that you fill these questionnaires in on your own 
without help from your parent. If you would like help with any of the questions we are 
happy to help you fill them in. 
 
If filling out any of these questionnaires causes you to feel concerned, please contact 
your consultant via this email (AdolescentRheumatology@uclh.nhs.uk). 

Research project : Investigation of rheumatic 

disease in teenagers and adults  

– effects of psychological stress on JIA  
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Details about you 

 

 

Todays date: …………………. 

 

Name: …………………………………… 

 

Age: ……………. 

 

Date of Birth: …………………. 

 

Gender:  Male / Female 

 

Ethnicity: 

 White British 

 White Other 

 Mixed 

 Asian/Asian British 

 Black/Black British 

 Chinese 

 Other 

 

Number of years at this clinic:……………………. 

 

Number of years since diagnosis:……………. 

 

What year in school are you in? ………………… 

 

When are your next exams? ……………………… 

 

Which exams are these? …………………………… 

 

Does your arthritis get worse during exams? 

 Yes always 

 Sometimes 

 Never 
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The effects of stress on JIA 

 

1. Do you think that stress affects your arthritis? Please place a mark on the scale 

below. 

  0                                                                                                      10 

 

 

 

2a. Have you previously used any psychological support or counseling services? Please 

describe if yes. 

 

2b. How helpful was this and did your symptoms improve at all as a result? 

 

 

 Very much 

so 

Not at all 
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3a. Have you tried to do anything apart from taking your medication to help you feel 

better about your arthritis? Please describe if yes. 

 

 

3b. How helpful was this and did your symptoms improve at all as a result? 

 

 

4. How do you usually deal with stress? 
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Life Events 

For each event listed below, please circle how often it occurred in each time interval 

during the PAST 12 MONTHS. 

For example, if an event happened only once, 8 months ago, you would circle “1” in 

the column labeled “7-9 Months Ago”. 

If the event did not occur at all during the past 12 months, put an “X” over the word 

“No”  
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How you feel RIGHT NOW 

 

Below are some statements about feelings and thoughts. 

 

Please tick the box that best describes how you feel RIGHT NOW. 
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How you feel GENERALLY 

 

Below are some statements about feelings and thoughts. 

 

Please tick the box that best describes how you feel GENERALLY. 
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Well-being 

 

Below are some statements about feelings and thoughts. 

 

Please tick the box that best describes your experience of each over the last two 

weeks. 
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Mood and Feelings 

 

These questions are about how you might have been feeling or acting recently. 

For each question, please check () how you have been feeling or acting in the past 

two weeks. 

If a sentence was not true about you, check NOT TRUE. 

If a sentence was only sometimes true, check SOMETIMES. 

If a sentence was true about you most of the time, check TRUE 
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Resilience 

 

Please read each statement and tick the box to the right of each statement that best 

indicates your feelings about the statement. 

 

 

 

Thank you for completing these questionnaires 

 

 



Parent Pack 
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B.2. Parent Of Adolescent JIA Patient Psychological Questionnaire Pack 

 

 

 

PARENTS OF ADOLESCENTS WITH ARTHRITIS QUESTIONNAIRE 

PACK - VERSION 1.2 – 22/12/13 

 

Researcher name: Laura Hanns and John Ioannou 

 

For some people, during times of stress their arthritis gets worse. This project aims to 
look at how the immune system behaves differently when young people with arthritis 
get stressed. If we can understand how this happens, we can then work towards 
preventing these flare ups of arthritis. We are also interested in looking at how 
parental stress can influence this. 
 
As part of the study, we would like you and your child to complete a pack of 
questionnaires when you come in for your appointment. These questionnaires will ask 
you about your child’s mood as well as the stress you experience as a parent. The 
questionnaire pack for your child asks about their mood, how they have been feeling 
and if any important events have recently happened in their life that may be causing 
them to feel more stressed than usual. 
 
We will then compare these questionnaires to the patient records for this 
appointment and we will use the blood sample to look at how the immune system is 
behaving differently during times of stress. Your child will not have to give any extra 
blood than normal. No blood will be taken from parents at any time. 
 
If you would like to take part, we ask that you each fill these questionnaires in on your 
own. If you or your child would like help with any of the questionnaires we are happy 
to help you fill them in. 
 

If filling out any of these questionnaires causes you to feel concerned, please contact 
the consultant via this email (AdolescentRheumatology@uclh.nhs.uk). 
 

 

 

 

 

Research project : Investigation of 

rheumatic disease in teenagers and adults  

– effects of psychological stress on JIA  
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Details about you 

 

 

Todays date: …………………. 

 

Gender:  Male / Female  

 

Ethnicity: 

 White British 

 White Other 

 Mixed 

 Asian/Asian British 

 Black/Black British 

 Chinese 

 Other 

 

Partnership status: 

 Married 

 Cohabiting 

 Single parent 

 

Name: …………………………………… 

 

Highest level of education: 

 Primary school only (or less) 

 Secondary school 

 Intermediate between secondary level 

and university (e.g. technical training) 

 College or equivalent 

 University degree and higher 

qualifications 

 

Tenure: 

 Privately owned 

 Council/rented 

 

Post code: …………………………… 

 

 

Details about your child 

 

 

Child’s Name: …………………………………… 

  

Relationship to young person: 

 Mother 

 Father 

 Female guardian 

 Male guardian 

 Other 

 

 



Parent Pack 

 279 

 

The effects of stress on JIA 

 

2. Do you think that stress affects your child’s arthritis? Please place a mark on the 

scale below. 

 

                         0                                                                                                      10 

 

 

 

 

2a.  Has your child previously used any psychological support or counselling services? 

Please describe if yes. 

 

2b. How helpful was this and did your child’s symptoms improve at all as a result? 

 

 

 

 

 

 Very much 
so 

Not at all 



Parent Pack 
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3a. Have you tried to do anything to help your child feel better about their arthritis 

(apart from medication)? Please describe if yes. 

 

    3b. How helpful was this and did your child’s symptoms improve at all? 

 

 

4. What worries do you have as a parent about your child’s arthritis? 

 

 

 

 

 

 



Parent Pack 
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Mood and Feelings 

 

These questions are about how your child might have been feeling or acting recently. 

For each question, please check () how s/he has been feeling or acting in the past two 

weeks. 

If a sentence was not true about your child, check NOT TRUE. 

If a sentence was only sometimes true, check SOMETIMES. 

If a sentence was true about your child most of the time, check TRUE. 

 

 

 

 

 

 

 

 



Parent Pack 
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Parental stress 

 

The following statements describe feelings and perceptions about the experience of 

being a parent. Think of each of the items in terms of how your relationship with your 

child typically is.  

 

Please indicate the degree to which you agree or disagree with the following items by 

ticking the appropriate box. 
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Thank you for completing these questionnaires 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Volunteer Pack 
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B.3. Adolescent Healthy Volunteer Psychological Questionnaire Pack 

 

HEALTHY VOLUNTEER QUESTIONNAIRE PACK  

VERSION 1.3 – 22/12/13 

 

Researcher name: Laura Hanns and John Ioannou 

 

For some people, during times of stress their arthritis gets worse. This project aims to 
look at how the immune system behaves differently when young people with arthritis 
get stressed. If we can understand how this happens, we can then work towards 
preventing these flare ups of arthritis. We are also interested in looking at how their 
parents stress can influence this. 
 
As part of the study, we will be asking young people with Juvenile Idiopathic Arthritis 
(JIA) to complete a pack of questionnaires when they come in for their appointment. 
These questionnaires will ask about their mood, how they have been feeling and if any 
important events have recently happened in their life that may be causing them to feel 
more stressed than usual. We will then compare this to the notes the doctor has made 
during their appointment and we will use a blood sample to look at how the immune 
system is behaving differently during times of stress. 
 
We would also like you to complete one of these questionnaire packs and  give a blood 
sample (4 table spoons) so we can look for differences between young people who 
have arthritis and young people who do not. 
 
If you would like to take part in this aspect of the project, we ask that you fill these 
questionnaires in on your own. If you would like help with any of the questions we are 
happy to help you fill them in. 
 
If filling out any of these questionnaires causes you to feel concerned, we would 
recommend that you speak to your GP. 
 

 

 

 

 

Research project : Investigation of rheumatic 

disease in teenagers and adults  

– effects of psychological stress on JIA  
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Details about you 

 

 

Todays date: …………………. 

 

Age: ……………. 

 

Ethnicity: 

 White British 

 White Other 

 Mixed 

 Asian/Asian British 

 Black/Black British 

 Chinese 

 Other 

 

Name: …………………………………… 

 

Gender:  Male / Female 

 

Date of Birth: …………………. 

 

What year in school are you in? …………………………… 

 

When are your next exams? ………………………………… 

 

Which exams are these? ………………………………………. 

 

 

 

Details about your household 

 

Parents partnership status: 

 Married 

 Cohabiting 

 Single parent 

 

Parents highest level of education: 

 Primary school only (or less) 

 Secondary school 

 Intermediate between secondary level and 

university (e.g. technical training) 

 College or equivalent 

 University degree and higher qualifications 

Post code: …………………………… Is your house: 

 Privately owned 

 Council/rented 
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The effects of stress 

 

3. Do you think that stress affects how you feel? Please place a mark on the scale 

below  

                         0                                                                                                      10 

 

 

 

2a. Have you previously used any psychological support or counselling services? Please 

describe if yes. 

 

2b. How helpful was this? 

 

 

3. How do you usually deal with stress? 

 

 

 

 

Very much 

so 

Not at all 

 

 

 



Volunteer Pack 
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Life Events 

 

For each event listed below, please circle how often it occurred in each time interval 

during the PAST 12 MONTHS. 

 

For example, if an event happened only once, 8 months ago, you would circle “1” in 

the column labeled “7-9 Months Ago”. 

If the event did not occur at all during the past 12 months, put an “X” over the word 

“No”. 
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How you feel RIGHT NOW 

 

Below are some statements about feelings and thoughts. 

 

Please tick the box that best describes how you feel RIGHT NOW. 
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How you feel GENERALLY 

 

Below are some statements about feelings and thoughts. 

 

Please tick the box that best describes how you feel GENERALLY. 

 

 

 

 

 

 



Volunteer Pack 
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Well-being 

 

Below are some statements about feelings and thoughts. 

 

Please tick the box that best describes your experience of each over the last two 

weeks. 
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Mood and Feelings 

 

These questions are about how you might have been feeling or acting recently. 

 

For each question, please check () how you have been feeling or acting in the past 

two weeks. 

 

If a sentence was not true about you, check NOT TRUE. 

If a sentence was only sometimes true, check SOMETIMES. 

If a sentence was true about you most of the time, check TRUE. 
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Resilience 

 

Please read each statement and tick the box to the right of each statement that best 

indicates your feelings about the statement. 

 

 

 

Thank you for completing these questionnaires 
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B.4. Focus Group Information Sheet 

 

The effects of stress on JIA 

 

 

Project title: Psychological stress and inflammation in adolescents with juvenile 

idiopathic arthritis 

Researcher name: Laura Hanns 

 

We would like you to tell us what you think about a study we are going to be running. 

 

For some people, during times of stress their arthritis gets worse. This project aims to 
look at how the immune system behaves differently when young people with arthritis 
get stressed. If we can understand how this happens, we can then work towards 
preventing these flare ups of arthritis. 
 
As part of the study, we will be asking patients and parents to complete a pack of 
questionnnaires when they come in for their appointment. These questionnaires will 
ask you about your mood, how you have been feeling and if any important events have 
recently happened in your life that may be causing you to feel more stressed than 
usual. 
 
We would like to get your opinion on these questionnaires and the study overall 
before we start. Your answers today will not be used in the study and will not be 
passed on to anyone else.If you would like help with any of the questions we are 
happy to help you fill them in. 
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B.5. Focus Group Adolescent JIA Patient Pack 

 

Feedback Form – Patient Pack 

 

 

1. How important do you think it is to study how stress affects teenagers with 

arthritis? Please place a mark on the scale below. 

 

                    1                 2                3                4                5                 6               7 

 

 

 

2. Were the questions relevant for your age? 

 

                     1                 2                3                4                5                 6               7  

 

 

 

3. What did you think about the length of the questionnaire pack? 

 Too long 

 Too short 

 Okay as it is 

Comments 

Comments 
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4. When do you think it is best to fill out these questionnaires?  

    Please tick a box. 

 

 Before your appointment in the waiting area 

 After your appointment in the waiting area 

 At home, bringing the questionnaires along to your appointment. 

 

5. Any other comments? 

 

Comments 
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Child Self-Report 

 

MOOD AND FEELINGS QUESTIONNAIRE: Short Version 
 
This form is about how you might have been feeling or acting recently. 
 
For each question, please check ( ) how you have been feeling or acting in the past two 
weeks. 
 
If a sentence was not true about you, check NOT TRUE. 
If a sentence was only sometimes true, check SOMETIMES. 
If a sentence was true about you most of the time, check TRUE. 
 
Score the MFQ as follows: 
NOT TRUE = 0 
SOMETIMES = 1 
TRUE = 2 
 

To code, please use a checkmark ( ) for each statement. 
NOT 
TRUE 

SOME 
TIMES 

TRUE 

1. I felt miserable or unhappy.    

2. I didn’t enjoy anything at all.    

3. I felt so tired I just sat around and did nothing.    

4. I was very restless.    

5. I felt I was no good anymore.    

6. I cried a lot.    

7. I found it hard to think properly or concentrate.    

8. I hated myself.    

9. I was a bad person.    

10. I felt lonely.    

11. I thought nobody really loved me.    

12. I thought I could never be as good as other kids.    

13. I did everything wrong.    

 
 
Copyright Adrian Angold & Elizabeth J. Costello, 1987; Developmental Epidemiology Program; Duke University 
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B.6. Group Parent of Adolescent JIA Patient Pack 

 

Feedback Form – Parent Pack 

 

1. How important do you think it is to study how stress affects teenagers with 

arthritis? Please place a mark on the scale below. 

 

                    1                 2                3                4                5                 6               7  

 

 

 

2. Did the questions cover everything you would have liked? 

 Yes 

 No. Please specify below 

 

 

3. What did you think about the length of the questionnaire pack? 

 

 Too long 

 Too short 

 Okay as it is 

 

Comments 

Comments 
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4. When do you think it is best to fill out these questionnaires?  

    Please tick a box. 

 

 Before your appointment in the waiting area 

 After your appointment in the waiting area 

 At home, bringing the questionnaires along to your appointment. 

 

5. Any other comments? 

 

 

Comments 
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Parent Report on Child 

 

MOOD AND FEELINGS QUESTIONNAIRE: Short Version 
 
This form is about how your child might have been feeling or acting recently. 
 
For each question, please check ( ) how s/he has been feeling or acting in the past two 
weeks. 
 
If a sentence was not true about your child, check NOT TRUE. 
If a sentence was only sometimes true, check SOMETIMES. 
If a sentence was true about your child most of the time, check TRUE. 
 
Score the MFQ as follows: 
NOT TRUE = 0 
SOMETIMES = 1 
TRUE = 2 
 

To code, please use a checkmark ( ) for each statement. 
NOT  
TRUE 

SOME  
TIMES 

TRUE 

1. S/he felt miserable or unhappy. 
   

2. S/he didn’t enjoy anything at all. 
   

3. S/he felt so tired that s/he just sat around and did nothing. 
   

4. S/he was very restless. 
   

5. S/he felt s/he was no good anymore. 
   

6. S/he cried a lot. 
   

7. S/he found it hard to think properly or concentrate. 
   

8. S/he hated him/herself. 
   

9. S/he felt s/he was a bad person. 
   

10. S/he felt lonely. 
   

11. S/he thought nobody really loved him/her. 
   

12. S/he thought s/he could never be as good as other kids. 
   

13. S/he felt s/he did everything wrong. 
   

 

 
Copyright Adrian Angold & Elizabeth J. Costello, 1987; Developmental Epidemiology Program; Duke University 
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Appendix C. Linear mixed effects models for change 

 

Variable 

 

Change between  

0-12 months 

Coefficient (SE) 

Change between  

12-48 months  

Coefficient (SE) 

 

  Constant  

Coefficient (SE) 

 

 

Random effect of time 

(Time standard 

deviation)  

Coefficient (SE) 

Random effect of 

constant 

(Between subject SD)  

Coefficient (SE) 

Random effect of 

residual 

(within subject SD)   

Coefficient (SE) 

Depressive symptoms 

(MFQ) 

-0.463 (0.085)*** 0.002 (0.048) 14.805 (1.062)*** 0.195 (0.043) 8.655 (0.851) 6.679 (0.377) 

Active joint count -0.383 (0.064) *** 0.016 (0.037) 5.234 (0.617) *** 0.001 (0.003) 4.354 (0.572) 4.668 (0.270) 

Limited joint count -0.263 (0.070) *** 0.016 (0.041) 4.311 (0.570) *** <0.001 (<0.001) 2.722 (0.534) 5.287 (0.281) 

PGE  (0-10cm VAS) -0.101 (0.022) *** 0.001 (0.010) 3.039 (0.245) *** <0.001 (<0.001) 1.833 (0.174) 1.746 (0.079) 

Pain VAS   

(0-10cm VAS) 

-0.120 (0.023) *** 0.011 (0.109)  3.476 (0.267) *** 0.246 (0.012) 2.073 (0.188) 1.812 (0.090) 

Disability (CHAQ)  -0.024 (0.005)*** <-0.001(0.002) 0.710 (0.064) 0.003 (0.003) 0.549 (0.046) 0.363 (0.018) 

 

Table 1.  Linear mixed effects models for change in clinical measures of disease and depressive symptoms  

Linear mixed effects models for change in clinical measures of disease (active joint count, limited joint count, PGE, pain and disability) and 

depressive symptoms (MFQ) over 4 years for adolescent JIA patients were generated. A separate model was generated for each variable. A 

change point at 12 months was included to allow for different rates of change between 0-12 months and 12-48 months. All model coefficients 

are shown. * p<0.05, ** p<0.01, *** P<0.001 

Long version of the child self-report Mood and Feelings Questionnaire (MFQ), patient general evaluation (PGE), visual analogue scale (VAS), Childhood Health 

Assessment Questionnaire (CHAQ), pain measured using a 0-10cm VAS. 
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Variable Constant 

Coefficient 

(SE) 

 

Change in DA 

between  

0-12 months 

Coefficient (SE) 

Change in DA 

between  

12-48 months 

Coefficient (SE) 

MFQ at 

baseline 

Coefficient 

(SE) 

Interaction 

between MFQ and 

the rate of change 

between 0-12 

months  

Coefficient (SE) 

Interaction 

between MFQ and 

the rate of change 

in DA between 12-

48 months 

Coefficient (SE) 

Random effect of 

time 

(Time standrad 

deviation)  

Coefficient (SE) 

Random effect of 

constant 

(Between subject 

SD)  

Coefficient (SE) 

Random effect 

of residuals 

(within subject 

SD)   

Coefficient (SE) 

Active joint 

count 

 

1.721 

(0.905) 

-0.141  

(0.01) 

-0.010  

(0.053) 

0.235 

(0.047)  

*** 

-0.017  

(0.006)  

** 

0.002  

(0.003) 

0.003  

(0.007) 

3.809  

(0.532) 

4.591  

(0.261) 

Limited joint 

count 

 

1.498 

(0.851) 

-0.150  

(0.110) 

0.024  

(0.059) 

0.188 

(0.044)  

*** 

-0.007  

(0.006) 

-0.001  

(0.003) 

<0.001  

(<0.001) 

2.274  

(0.516) 

5.212  

(0.270) 

PGE  

(0-10cm 

VAS) 

1.808 

(0.367) 

-0.052  

(0.035) 

-0.004  

(0.015) 

0.082 

(0.018)  

*** 

-0.003  

(0.001) 

<0.001  

(0.001) 

<0.001  

(<0.001) 

1.679  

(0.163) 

1.729  

(0.077) 

Pain VAS  

(0-10cm 

VAS) 

2.302 

(0.398)  

*** 

-0.102  

(0.368)  

** 

0.010  

(0.017) 

0.079 

(0.021)  

*** 

-0.001  

(0.002) 

<0.001  

(0.001) 

0.026  

(0.011) 

1.893  

(0.178) 

1.803  

(0.088) 

Disability 

(CHAQ)  

0.298 

(0.091) 

*** 

-0.012  

(0.007) 

-0.001  

(0.003) 

0.028 

(0.005)  

*** 

-0.001  

(<0.001)  

* 

<-0.001  

(<0.001) 

0.004  

(0.003) 

0.476  

(0.041) 

0.357  

(0.017) 

 

Table 2. Linear mixed effects models for change in clinical measures of disease including depressive symptoms at baseline. 

Linear mixed effects models for change in clinical measures of disease (active joint count, limited joint count, PGE, pain and disability) over 4 

years for adolescent JIA patients were generated. A separate model was generated for each clinical measure of disease. Depressive symptoms 

(MFQ) at diagnosis were included in all models as a predictor. A change point at 12 months was included to allow for different rates of change 

between 0-12 months and 12-48 months.. All model coefficients are shown. * p<0.05, ** p<0.01, *** P<0.001  

Long version of the child self-report Mood and Feelings Questionnaire (MFQ), patient general evaluation (PGE), visual analogue scale (VAS), Childhood Health 

Assessment Questionnaire (CHAQ), pain measured using a 0-10cm VAS. 
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Variable Constant 

Coefficient 

(SE) 

 

Change in 

MFQ between  

0-12 months 

Coefficient 

(SE) 

Change in 

MFQ between  

12-48 months 

Coefficient 

(SE) 

 

DA at 

baseline 

  

  

Coefficient 

(SE) 

Interaction 

between DA and 

the rate of 

change in MFQ 

between 0-12 

months 

Coefficient (SE) 

Interaction between 

DA and the rate of 

change in MFQ 

between 12-48 

months 

Coefficient (SE) 

Random effect 

of time 

(Time standrad 

deviation)  

Coefficient (SE) 

 

Random effect 

of constant 

(Between 

subject SD) 

Coefficient (SE) 

Random effect 

of residuals 

(within subject 

SD)  Coefficient 

(SE) 

 

Active joint 

count 

 

12.031 

(1.168) 

*** 

-0.385 

(0.100) 

*** 

0.001 

(0.057) 

0.491 

(0.111) 

*** 

-0.014  

(0.010) 

<0.001 

(0.007) 

*** 

0.190 

(0.042) 

7.730 

(0.803) 

6.687 

(0.377) 

Limited joint 

count 

 

12.453 

(1.157) 

*** 

-0.420 

(0.980) 

*** 

0.010 

(0.054) 

0.503 

(0.125) 

*** 

-0.009  

(0.011) 

-0.002  

(0.006) 

0.189  

(0.042) 

7.841 

(0.804) 

6.700  

(0.377) 

PGE  

(0-10cm VAS) 

9.194 

(1.516) 

*** 

-0.318 

(0.133)  

* 

0.023  

(0.073) 

1.813  

(0.375) 

*** 

-0.472 

(0.034) 

-0.007  

(0.019) 

0.193  

(0.042) 

7.601  

0.792) 

6.662  

(0.372) 

Pain VAS  

(0-10cm VAS) 

9.719 

(1.652) 

*** 

-0.345 

(0.142) 

* 

0.020  

(0.778) 

1.401) 

(0.362) 

*** 

-0.034  

(0.031) 

-0.005  

(0.017) 

0.192  

(0.042) 

7.898  

(0.819) 

6.689  

(0.378) 

Disability 

(CHAQ)  

1.901 

(0.121) 

*** 

-0.050  

(0.013) 

*** 

-0.006  

(0.007) 

0.680  

(0.119) 

*** 

-0.001  

(0.013) 

0.001  

(0.007) 

0.021  

(0.004) 

0.548  

(0.069) 

0.693  

(0.036) 

Table 3. Linear mixed effects models for change in depressive symptoms including clinical measures of disease at baseline. 

Linear mixed effects models for change in depressive symptoms (MFQ) over 4 years for adolescent JIA patients were generated. Clinical 

measures of disease (active joint count, limited joint count, PGE, pain and disability) at diagnosis were included in all models as a predictor. A 

separate model was generated for each clinical measure of disease. A change point at 12 months was included to allow for different rates of 

change between 0-12 months and 12-48 months. All model coefficients are shown.* p<0.05, ** p<0.01, *** P<0.001 

Disease activity (DA), long version of the child self-report Mood and Feelings Questionnaire (MFQ), patient general evaluation (PGE), visual analogue scale (VAS), 

Childhood Health Assessment Questionnaire (CHAQ), pain measured using a 0-10cm VAS. 
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Appendix D. Scatter plots for psychological health 

scores, disease activity parameters and laboratory 

measures of inflammation.  
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C.1 

Figure C.1. The association between psychological health scores and disease 

activity measures for adolescent JIA patients (continued on next page). 

Data were analysed using Spearman’s rank correlation. Both depression 

measures, anxiety and resilience were log transformed. Bonferroni corrected 

significance level p=0.001 Coddington Life Event Scale (CLES), State Trait Anxiety 

Inventory (STAI), Short Mood and Feelings Questionnaire – child version (MFQ-C), 

Visual analogue scale (VAS), # p≤0.2 * p≤0.05, ** p≤ 0.01, *** p≤0.001 
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C.1 continued. 

Figure C.1 (continued from previous page). The association between 

psychological health scores and disease activity measures for adolescent 

JIA patients. 

 Data were analysed using Spearman’s rank correlation. Both depression 

measures, anxiety and resilience were log transformed. Bonferroni corrected 

significance level p=0.001 Coddington Life Event Scale (CLES), State Trait 

Anxiety Inventory (STAI), Short Mood and Feelings Questionnaire – child version 

(MFQ-C), Childhood Health Assessment Questionnaire (CHAQ), erythrocyte 

sedimentation rate (ESR), C-reactive protein (CRP), juvenile arthritis disease 

activity score 3 (JADAS) (active joint count + physician VAS + patient general 

VAS).  # p≤0.2 * p≤0.05, ** p≤ 0.01, *** p≤0.001 
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Figure C.1 (continued from previous page). The association between 

psychological health scores and disease activity measures for adolescent 

JIA patients. 

 Data were analysed using Spearman’s rank correlation. Both depression 

measures, anxiety and resilience were log transformed. Bonferroni corrected 

significance level p=0.001. Warwick and Edinburgh Mental Wellbeing Scale 

(WEMWBS), Resilience Scale 14 (RS-14), Parental stress scale (PSS), Short Mood 

and Feelings Questionnaire – parent version (MFQ-P), Visual analogue scale 

(VAS). # p≤0.2 * p≤0.05, ** p≤ 0.01, *** p≤0.001 

C.1 continued. 
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C.1 continued. 

 

Figure C.1 (continued from previous page). The association between 

psychological health scores and disease activity measures for adolescent 

JIA patients. 

 Data were analysed using Spearman’s rank correlation. Both depression 

measures, anxiety and resilience were log transformed. Bonferroni corrected 

significance level p=0.001. Warwick and Edinburgh Mental Wellbeing Scale 

(WEMWBS), Resilience Scale 14 (RS-14), Parental stress scale (PSS), Short Mood 

and Feelings Questionnaire – parent version (MFQ-P), Childhood Health 

Assessment Questionnaire (CHAQ), erythrocyte sedimentation rate (ESR), C-

reactive protein (CRP),  juvenile arthritis disease activity score 3 (JADAS) (active 

joint count + physician VAS + patient general VAS). 

 # p≤0.2 * p≤0.05, ** p≤ 0.01, *** p≤0.001 
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Figure C.2. The association between psychological health measures at the first study visit and 

disease activity parameters at the second study visit for adolescent JIA patients. 

 Data were analysed using Spearman’s rank correlation. Life events, depression, anxiety, 

resilience, active joint count, physician VAS, disability and pain were log transformed. 

Bonferroni corrected significance level p=0.003. Visual analogue scale (VAS), Childhood Health 

Assessment Questionnaire (CHAQ), Coddington Life Event Scale (CLES), State Trait Anxiety 

Inventory (STAI), Short Mood and Feelings Questionnaire – child version (MFQ-C), Warwick 

and Edinburgh Mental Wellbeing Scale (WEMWBS), Resilience Scale 14 
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Figure C.3. The association between disease activity parameters at the first study visit and psychological health measures at the second study 

visit for adolescent JIA patients. 

 Data were analysed using Spearman’s rank correlation. Life events, depression, anxiety, resilience, active joint count, physician VAS, disability and pain 

were log transformed. Bonferroni corrected significance level p=0.003. Visual analogue scale (VAS), Childhood Health Assessment Questionnaire (CHAQ), 

Coddington Life Event Scale (CLES), State Trait Anxiety Inventory (STAI), Short Mood and Feelings Questionnaire – child version (MFQ-C), Warwick and 

Edinburgh Mental Wellbeing Scale (WEMWBS), Resilience Scale 14 (RS-14). * p≤0.05, ** p≤ 0.01, *** p≤0.001 
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Figure C.4. The association between psychological health scores and 

laboratory measures for adolescent JIA patients (continued on next page). 

 Data were analysed using Spearman’s rank correlation. Life events, both depression 

scores, anxiety and resilience were log transformed. Bonferroni corrected 

significance level p=0.001. * p≤0.05, ** p≤ 0.01, *** p≤0.001. Coddington Life Event 

Scale (CLES), State Trait Anxiety Inventory (STAI), Short Mood and Feelings 

Questionnaire – child version (MFQ-C), lipopolysaccharide (LPS), dexamethasone 

(Dex), peripheral blood mononuclear cells (PBMCs).   
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Figure C.4 (continued from previous page). The association between 

psychological health scores and laboratory measures for adolescent JIA 

patients. 

 Data were analysed using Spearman’s rank correlation. Life events, both 

depression scores, anxiety and resilience were log transformed. Bonferroni 

corrected significance level p=0.001. * p≤0.05. Warwick and Edinburgh Mental 

Wellbeing Scale (WEMWBS), Resilience Scale 14 (RS-14), Parental stress scale (PSS), 

Short Mood and Feelings Questionnaire – parent version (MFQ-P), 

lipopolysaccharide (LPS), dexamethasone (Dex), peripheral blood mononuclear cells 

(PBMCs).   

C.4 continued. 
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Figure C.5. The association between psychological health scores and 

laboratory measures for adolescent healthy controls (continued on next 

page). 

 Data were analysed using Spearman’s rank correlation. Life events, depression , 

anxiety and resilience were log transformed. Bonferroni corrected significance 

level p=0.001 Coddington Life Event Scale (CLES), State Trait Anxiety Inventory 

(STAI), Short Mood and Feelings Questionnaire – child version (MFQ-C), Warwick 

and Edinburgh Mental Wellbeing Scale (WEMWBS), Resilience Scale 14 (RS-14), 

lipopolysaccharide (LPS), dexamethasone (Dex), peripheral blood mononuclear cells 

(PBMCs).   

* p≤0.05, ** p≤ 0.01, *** p≤0.001 
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C.5 continued. 

Figure C.5 (continued from previous page). The association between 

psychological health scores and laboratory measures for adolescent healthy 

controls. 

 Data were analysed using Spearman’s rank correlation. Life events, depression , 

anxiety and resilience were log transformed. Bonferroni corrected significance 

level p=0.001 Coddington Life Event Scale (CLES), State Trait Anxiety Inventory 

(STAI), Short Mood and Feelings Questionnaire – child version (MFQ-C), Warwick 

and Edinburgh Mental Wellbeing Scale (WEMWBS), Resilience Scale 14 (RS-14), 

lipopolysaccharide (LPS), dexamethasone (Dex), peripheral blood mononuclear cells 

(PBMCs).   

* p≤0.05, ** p≤ 0.01, *** p≤0.001 
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Figure C.6. The association between disease activity and laboratory 

measures for adolescent JIA patients (continued on next page). 

 Data were analysed using Spearman’s rank correlation. Bonferroni corrected 

significance level p=0.001. Visual analogue scale (VAS), erythrocyte sedimentation 

rate (ESR), C-reactive protein (CRP),  lipopolysaccharide (LPS), dexamethasone 

(Dex), peripheral blood mononuclear cells (PBMCs). * p≤0.05, ** p≤ 0.01, *** 

p≤0.001 

C.6 



 

327 

 

0 1 0 2 0 3 0

0

2 0 0

4 0 0

6 0 0

0 1 0 2 0 3 0

0

5

1 0

1 5

2 0

0 1 0 2 0 3 0

0

2

4

6

8

1 0

0 2 4 6 8 1 0

- 9

- 8

- 7

- 6

0 5 1 0 1 5

0

2 0 0

4 0 0

6 0 0

0 5 1 0 1 5

0

2

4

6

8

1 0

0 5 1 0 1 5

0

5

1 0

1 5

2 0

0 1 2 3

0

2 0

4 0

6 0

8 0

0 1 2 3

0

5

1 0

1 5

2 0

0 1 2 3

0

2

4

6

8

1 0

S
e

r
u

m

IL
-
6

S
e

r
u

m

C
R

P
E

S
R

S
e

r
u

m

c
o

r
t

is
o

l

L
P

S
-
in

d
u

c
e

d

IL
-
6

D
e

x

IC
5

0

D
e

x
 
%

in
h

ib
it

io
n

     D i s a b i l i t y P a i n J A D A S 3

   r = 0 . 3 1 8
* *

   r = 0 . 2 7 0
* *

        r = 0 . 3 1 5
* *

      r = 0 . 2 3 8
*

   r = 0 . 3 2 4
* *

r = 0 . 3 1 8
* *

r = - 0 . 2 3 6
*

0 1 2 3

0

2 0 0

4 0 0

6 0 0

0 . 0 0 . 5 1 . 0 1 . 5 2 . 0 2 . 5

0

1 0 0 0 0

2 0 0 0 0

3 0 0 0 0

4 0 0 0 0

0 . 0 0 . 5 1 . 0 1 . 5 2 . 0 2 . 5

- 9

- 8

- 7

- 6

0 . 0 0 . 5 1 . 0 1 . 5 2 . 0 2 . 5

- 2 0

0

2 0

4 0

6 0

8 0

0 5 1 0 1 5

0

2 0

4 0

6 0

8 0

0 2 4 6 8 1 0

0

1 0 0 0 0

2 0 0 0 0

3 0 0 0 0

4 0 0 0 0

0 2 4 6 8 1 0

- 2 0

0

2 0

4 0

6 0

8 0

0 1 0 2 0 3 0

0

2 0

4 0

6 0

8 0

0 1 0 2 0 3 0

0

1 0 0 0 0

2 0 0 0 0

3 0 0 0 0

4 0 0 0 0

0 1 0 2 0 3 0

- 9

- 8

- 7

- 6

0 1 0 2 0 3 0

- 2 0

0

2 0

4 0

6 0

8 0

 

 

 

 

Figure C.6 (continued from previous page). The association between disease 

activity and laboratory measures for adolescent JIA patients. 

 Data were analysed using Spearman’s rank correlation Bonferroni corrected 

significance level p=0.001. Childhood Health Assessment Questionnaire (CHAQ), 

erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), JADAS3; juvenile 

arthritis disease activity score 3 (active joint count + physician VAS + patient VAS), 

lipopolysaccharide (LPS), dexamethasone (Dex), peripheral blood mononuclear cells 

(PBMCs).  

* p≤0.05, ** p≤ 0.01, *** p≤0.001 

C.6 continued. 
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Figure C.7. The association between laboratory measures at the first study 

visit and psychological health scores at the second study visit for adolescent 

JIA patients (continued on next page). 

 Data were analysed using Spearman’s rank correlation. Life events, both 

depression scores, anxiety and resilience were log transformed. Bonferroni 

corrected significance level p=0.002 Coddington Life Event Scale (CLES), State Trait 

Anxiety Inventory (STAI), Short Mood and Feelings Questionnaire – child version 

(MFQ-C), lipopolysaccharide (LPS), dexamethasone (Dex), peripheral blood 

mononuclear cells (PBMCs).  * p≤0.05, ** p≤ 0.01, *** p≤0.001 

C.7. 



 

329 

 

0 1 2 3 4 5

0

1 0 0 0 0

2 0 0 0 0

3 0 0 0 0

0 1 2 3 4 5

- 4 0

- 2 0

0

2 0

4 0

6 0

0 2 0 4 0 6 0 8 0 1 0 0 1 2 0

0

5

1 0

1 5

2 0

2 5

S
e

r
u

m

IL
-
6

S
e

r
u

m

C
R

P
E

S
R

S
e

r
u

m

c
o

r
t

is
o

l

L
P

S
-
in

d
u

c
e

d

IL
-
6

D
e

x

IC
5

0

D
e

x
 
%

in
h

ib
it

io
n

W e l l b e i n g

( W E M W B S )

R e s i l i e n c e

( R S - 1 4 )

r = - 0 . 3 0 0
*

r = - 0 . 3 6 9
* *

0 2 0 4 0 6 0 8 0 1 0 0 1 2 0

0

2

4

6

8

1 0

0 2 0 4 0 6 0 8 0 1 0 0 1 2 0

0

2 0

4 0

6 0

8 0

0 2 0 4 0 6 0 8 0 1 0 0 1 2 0

0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

0 2 0 4 0 6 0 8 0 1 0 0 1 2 0

0

1 0 0 0 0

2 0 0 0 0

3 0 0 0 0

0 2 0 4 0 6 0 8 0 1 0 0 1 2 0

- 9

- 8

- 7

- 6

0 2 0 4 0 6 0 8 0 1 0 0 1 2 0

- 4 0

- 2 0

0

2 0

4 0

6 0

0 1 2 3 4 5

0

2

4

6

8

1 0

0 1 2 3 4 5

0

5

1 0

1 5

2 0

2 5

0 1 2 3 4 5

0

2 0

4 0

6 0

8 0

0 1 2 3 4 5

0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

0 1 2 3 4 5

- 9

- 8

- 7

- 6

F
ir

s
t

 s
t

u
d

y
 v

is
it

S e c o n d  s t u d y  v i s i t

 

 

 

 

 

 

 

 

Figure C.7 (continued from previous page). The association between 

laboratory measures at the first study visit and psychological health scores 

at the second study visit for adolescent JIA patients. 

 Data were analysed using Spearman’s rank correlation. Life events, both 

depression scores, anxiety and resilience scores were log transformed. Bonferroni 

corrected significance level p=0.002. Warwick and Edinburgh Mental Wellbeing 

Scale (WEMWBS), Resilience Scale 14 (RS-14), lipopolysaccharide (LPS), 

dexamethasone (Dex), peripheral blood mononuclear cells (PBMCs).  * p≤0.05, ** p≤ 

0.01, *** p≤0.001 

C.7 continued. 
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C.8. 

Figure C.8. The association between laboratory measures at the first study 

visit and disease activity at the second study visit for adolescent JIA patients. 

 Data were analysed using Spearman’s rank correlation. Visual analogue scale 

(VAS), Childhood Health Assessment Questionnaire (CHAQ), erythrocyte 

sedimentation rate (ESR), C-reactive protein (CRP), JADAS3; juvenile arthritis 

disease activity score 3 (active joint count + physician VAS + patient VAS), 

lipopolysaccharide (LPS), dexamethasone (Dex), peripheral blood mononuclear cells 

(PBMCs). * p≤0.05, ** p≤ 0.01, *** p≤0.001 
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Appendix E. Publications, posters and presentations  

HANNS, L., CORDINGLEY, L., GALLOWAY, J., NORTON, S., CARVALHO, L A., CHRISTIE, 

D., SEN, D., CARRASCO, R., RASHID, A., FOSTER, H., BAILDAM, E., CHEING, A., 

DAVIDSON, J., WEDDERBURN, L., HYRICH, K., THOMSON, W., IOANNOU
, 
Y. 2017. 

Depressive symptoms at diagnosis associate with future pain and disability for 

adolescent patients with JIA. Results From The Childhood Arthritis Prospective Study 

(CAPS). In preparation. 

HANNS, L., SUFFIELD, L., JOSEPHS, F., CHAPLIN, H., RADZISZEWSKA, A., CARVALHO, 

L.A., SEN, D., CHRISTIE, D., IOANNOU, Y. 2017. The association between 

psychological health, inflammation and disease activity for adolescent patients with 

juvenile idiopathic arthritis. Conference: British Society for Rheumatology. Oral 

presentation. 

HANNS, L., SUFFIELD, L., JOSEPHS, F., CHAPLIN, H., RADZISZEWSKA, A., CARVALHO, 

L.A., SEN, D., CHRISTIE, D., IOANNOU, Y. 2016. Adolescents with juvenile idiopathic 

arthritis experience lower levels of life event stress and trait anxiety than healthy 

adolescents. Conference: British Society for Paediatric and Adolescent Rheumatology. 

Oral presentation. 

HANNS, L., CORDINGLEY, L., GALLOWAY, J., NORTON, S., CARVALHO, L., CHRISTIE, D., 

SEN, D., CARRASCO, R., RASHID, A., FOSTER, H., BAILDAM, E., CHEING, A., 

DAVIDSON, J., WEDDERBURN, L., HYRICH, K., THOMSON, W., IOANNOU, Y. 2016. 

Do depressive symptoms at disease onset associate with future disease activity for 

adolescent patients with JIA? Results from the Childhood Arthritis Prospective Study 

(CAPS). Conference: European League Against Rheumatism. Oral presentation. 

HANNS, L., SUFFIELD, L., RADZISZEWSKA, A., CARVALHO, L., SEN, D., CHRISTIE, D., 

IOANNOU, Y. 2015.  In adolescents with juvenile idiopathic arthritis, anxiety, low mood 

and stress all predict inflammation and anxiety and low mood also predict functional 

disability. Conference: Paediatric Rheumatology European Society. Poster presentation 

and short oral presentation.  

HANNS, L., SUFFIELD, L., RADZISZEWSKA, A., SEN, D., CHRISTIE, D., IOANNOU, Y. 2015. 

In adolescent patients with juvenile idiopathic arthritis, anxiety and mood predicts 

function whereas life event stressors in the older adolescent predict inflammation. 

Conference: British Society for Rheumatology. Poster presentation. 
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