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Abstract 

Background: Psychosocial factors are considered as risk factors for some chronic diseases. 

A paucity of research exists surrounding the role of perceived stress in arthritis onset. 

Purpose: Perceived stress as a risk factor for arthritis development was explored in an ageing 

cohort of Australian women. 

Methods: This study focused on 12,202 women from the 1946-1951cohort who completed 

the Australian Longitudinal Study on Women’s Health surveys in 2001, 2004, and 2007. 

Longitudinal associations were modelled, with and without a time lag. 

Results: Findings from the multivariate time lag modelling, excluding women with persistent 

joint pain revealed that perceived stress predicted the onset of arthritis, with women 

experiencing minimal and moderate/high stress levels having a 1.7 and 2.4 times greater odds 

of developing arthritis three years later, respectively (p’s<0.001). 

Conclusion: Chronically perceiving life as stressful is detrimental to future health. The 

findings provide support for perceived stress to be considered alongside other modifiable risk 

factors. 

Key words: arthritis, perceived stress, risk factor, women. 
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Arthritis represents an ongoing public health challenge. It contributes significantly to global 

healthcare expenditure [1-3] and remains a major cause of disability, chronic pain and 

reduced health-related quality of life [1,4,5]. Estimates from epidemiological research 

suggest that the prevalence of arthritis is approximately 20% [6,7]. When studies are focused 

on middle-aged and older adults, prevalence approaches or exceeds 50% [2,5,8]. While 

significant progress has been made regarding disease progression, the pathogenesis of 

arthritis remains unclear [9,10]. Arthritis is viewed as a disease of multifactorial origin, with 

both genetic and environmental factors contributing to its occurrence and expression [11,12]. 

Prevention strategies have focused on identifying risk factors for disease development [13]. 

Notably, age [8,14,15], gender [16-18], and genetic predisposition [11,12,19,20] have been 

highlighted as risk factors for arthritis onset. In addition to these non-modifiable factors, 

potentially modifiable factors have been found to place individuals at an increased risk of 

developing both osteoarthritis (OA) and rheumatoid arthritis (RA). Specifically, in relation to 

OA, factors such as overweight and obesity [21], physical activity [21,22], joint trauma [23], 

and occupational-based repetitive joint loading [24,25] have been identified. With respect to 

RA, tobacco smoking [26-28] has been found to be the best established modifiable risk 

factor. While arthritis remains incurable, identifying additional factors that contribute to 

increased risk is of public health significance.  

Psychosocial factors and in particular psychological stress (defined in terms of an 

interpersonal event such as trauma or response to an event such as stress perception) are 

beginning to be considered in concert with traditional risk factors (e.g. overweight and 

obesity, and poor nutrition) for chronic diseases other than arthritis [29-31]. Despite this 

increasing body of research, relatively little attention has been paid to understanding the role 

of psychological stress as a risk factor for arthritis onset. When the relationship between 

psychological stress and arthritis risk has been addressed in epidemiological studies, it has 
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primarily been examined in response to a specific life stressor [32-34]. The perception of 

stress and psychosocial processes, with control for traditional risk factors has not been 

undertaken.  

Chronically perceiving life as stressful, has been hypothesised to be a more important factor 

in the stress-chronic disease process than the experience of specific life events [35]. Although 

primarily focused on RA subpopulations, previous research has indicated that perceived 

stress may play a pertinent role with regard to symptom expression [36-39] and psychological 

adjustment to the disease [40,41]. However, prospective evidence for the role of perceived 

stress in arthritis onset is limited. In a prospective population-based study focused on the 

relationship between childhood trauma and the onset of medically diagnosed arthritis in 

Canadian men and women, perceived stress was found to have a significant confounding 

effect on this relationship. Particularly, chronic perceived stress conferred a similar risk to 

experiencing multiple childhood adversities [32]. While perceived stress may be a key risk 

factor in arthritis onset, these findings may reflect symptom expression as opposed to disease 

onset. Thus, it is important to gain an understanding of the role perceived stress may play in 

the onset of arthritis, controlling for additional psychosocial processes (e.g. social support 

and mental health) that may influence the stress-chronic disease relationship in conjunction 

with traditional risk/protective factors for arthritis (including socioeconomic status, age, 

obesity, physical activity, occupation, gynaecological status). Social support, in particular has 

been found to have both direct and moderating effects on the stress response in arthritis 

populations [42-46]. As such, modelling these distinct relationships may assist in qualifying 

this relationship. Thus, the main aim of this study is to examine longitudinally the 

relationship between perceived stress and arthritis in a broadly representative cohort of 

ageing women. It is hypothesised that perceived stress will precede the onset of arthritis in 
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these women. Additionally, the hypothesis regarding personal psychosocial coping resources 

(i.e. social support) as a moderator of this relationship will also be tested. 

Methods 

Overview of the Australian Longitudinal Study on Women’s Health. The Australian 

Longitudinal Study on Women’s Health is a longitudinal cohort study assessing physical, 

psychological, environmental, social and economic factors in Australian women. Using self-

report mailed surveys, in excess of 42,000 women were randomly recruited through the 

national health insurer’s (Medicare Australia) database. Details of the methodological 

practices have been extensively reviewed in independent publications [47-49]. This project 

has ongoing ethical clearance from both the University of Newcastle and University of 

Queensland’s Human Research Ethics Committees. 

Sample. The focus of this study is on women from the 1946-1951 cohort who completed 

surveys in 2001 (survey 3), 2004 (survey 4) and 2007 (survey 5) when the diagnosis of 

arthritis was examined. Of the 14,099 women (aged 45-50 years) who responded to the initial 

invitation in 1996, 11,220 (79.6%), 10,905 (77.3%) and 10,638 (75.5%) completed the 

follow-up surveys in 2001, 2004 and 2007 respectively (unweighted data). These women 

were found to be largely representative of the original cohort with a slight over-representation 

of married, Australian born and tertiary educated women [47]. According to Australian 

Longitudinal Study on Women’s Health recommendations, all cross-sectional analyses were 

weighted for area of residence in order to correct for the over sampling of women from rural 

and remote areas. As such, the weighted sample sizes at each survey comprised 11,042 

(survey 3), 10,715 (survey 4) and 10,532 (survey 5). The longitudinal analysis related to 

those women who provided at least one data point at either survey 3, 4 or 5. Thus, the final 

sample for the longitudinal analysis comprised 12,202 (86.5%; unweighted data) women. 
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Measures 

The following variables were included in analyses examining the role of perceived stress as a 

predictor of arthritis. 

Arthritis case definition (outcome variable). ‘Arthritis’ was defined as those women who 

reported being diagnosed with, or treated for any form of arthritis in the past three years at 

either survey 3, 4 or 5. At surveys 3 and 4 women were asked to indicate whether they had 

been diagnosed or treated for ‘arthritis/rheumatism’. At survey 5 however, this item was 

amended to reflect the major arthritis forms with separate questions relating to diagnosis or 

treatment of OA, RA or another form of arthritis (other arthritis). Responses were 

dichotomised to indicate the presence or absence of at least one form of arthritis. This method 

of arthritis case definition is considered a valid approach for epidemiological research [50-

52]. As arthritis is considered a chronic unremitting condition, once a respondent indicated 

having arthritis, they were considered to have the disease thereafter. 

Psychological stress. The Australian Longitudinal Study on Women’s Health developed 

Perceived Stress Scale [53] was used to assess levels of psychological stress across ten life 

domains, including own health, health of a family member, money and personal relationships. 

Women were asked to rate how stressed they had felt in these areas within a 12 month period 

on a five point likert-type scale from ‘not stressed at all’ to ‘extremely stressed’. Mean scores 

were aggregated into ‘no stress’ (mean score of 0), ‘minimal stress’ (scores >0 and ≤1) and 

‘moderate/high stress’ (scores >1). This method of classification has been previously adopted 

[54]. This measure has shown acceptable internal consistency (Cronbach’s alpha=0.70) for 

the 1946-1951 cohort [55] and has demonstrated convergent and discriminant validity 

[56,57].  



7 

Psychosocial covariates. Cohort-specific negative life events were extracted from a modified 

version of the Life Event Questionnaire [58]. Women were asked to indicate whether they 

had experienced life events of varying severity and chronicity including a significant trauma 

(e.g. death of a spouse) or constant sources of stress (e.g. financial difficulties) in the 

previous 12 months.   

Women were considered to have depression and anxiety if they reported being diagnosed 

with, or treated for these conditions in the past three years [59].  

The abbreviated version of the Medical Outcomes Study Social Support Survey [60] was 

used to measure perceived social support. This version includes two items from each of the 

emotional/informational (e.g. “someone to share your most private worries and fears with”), 

tangible (e.g. “someone to take you to the doctor if you need it”) and affectionate/positive 

social interaction subscales (e.g. “someone to turn to for suggestions about how to deal with a 

personal problem”). Respondents were asked to rate how often these types of support were 

made available to them when needed, on a five point likert-type scale from ‘none of the time’ 

to ‘all of the time’. Mean scores for the scale were aggregated into ‘all of the time’ (scores >4 

and ≤5, ‘most of the time’ (scores >3 and ≤4), ‘some of the time’ (>2 and ≤3) and ‘none/little 

of the time’ (scores ≤2). The abbreviated index has shown strong agreement with the original 

19 item scale [53]. 

Behavioural, demographic and health-related covariates. Body Mass Index (BMI) was 

calculated for each participant from self-report height and weight according to the World 

Health Organization guidelines [61]. BMI was aggregated into four categories: ‘underweight’ 

(<18.5), ‘healthy’ (18.5-24.99), ‘overweight’ (25-29.99) and ‘obese’ (≥30). Items from 

Active Australia’s National Activity Survey [62] based upon the frequency and duration of 

leisure-time activity in the last week was used as a measure of physical activity. Weekly 
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minutes were assigned a resting metabolic rate (MET) equivalent and were defined as 

‘nil/sedentary’ (<40 MET mins/week), ‘low’ (>40 and <600 MET mins/week), ‘moderate’ 

(600-<1200 mins/week), and ‘high’ (≥ 1200 MET mins/week).   

 Women were also classified according to cigarettes smoked each day as a ‘non-smoker’, ‘ex-

smoker’, and current smoker’ using a modified version of the Australian Institute of Health 

and Welfare data dictionary [63]. Additional demographics included age, marital status, 

highest educational qualification, occupation and area of residence (categorised according to 

the Rural Remote and Metropolitan Areas classification system) [64]. Further, menopause 

status was determined on the basis of self-report menstrual bleeding [65], while current 

hormone replacement therapy usage was assessed in a separate question which contained 

dichotomous response categories (yes/no). 

In conjunction with the above mentioned variables, the following disease-related covariates 

were also included as part of sensitivity analyses examining arthritis as a predictor of 

perceived stress. 

Disease-related covariates. Women who reported being diagnosed with, or treated for 

anaemia, osteoporosis, diabetes, or cardiovascular disease in the past three years were 

considered to have chronic medical comorbidity.  Likewise, women were considered to have 

comorbid somatic symptomatology if they reported experiencing fatigue, gastrointestinal 

problems, or headaches/migraine sometimes/often in the previous 12 months. Health service 

use was also assessed by the number of visits made to a general practitioner in the previous 

12 months.  

Statistical analyses. Chi-square analyses were employed to report differences between 

women who had arthritis from those that did not at each of the three surveys. Unadjusted 

logistic regression analyses were performed to examine the association with the arthritis-
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perceived stress relationship. All univariate analyses were weighted for area (i.e. where area 

of residence was not included in the model) in order to correct for the oversampling of 

women from rural and remote areas. 

Graphical representations of the relationship between perceived stress and arthritis were 

derived from classifying women as having prevalent, incident or no arthritis at each of the 

three surveys. Women who reported arthritis at survey 3 in 2001 were classified as having 

‘prevalent’ arthritis, while women who did not report arthritis at any of the three surveys 

were classified as having ‘no’ arthritis. Women who did not report arthritis in 2001 but 

indicated arthritis in either of the subsequent surveys (i.e. survey 4 or 5) were classified as 

having ‘incident’ arthritis. Separate cross-sectional multinomial logistic regressions were 

fitted to the data, with perceived stress as the dependent variable and arthritis status, along 

with the psychosocial, behavioural, demographic and health-related covariates as independent 

variables.  

The longitudinal association between perceived stress and arthritis status was examined using 

Generalized Estimating Equations (GEE) models with an independent correlation matrix. 

Models were constructed with and without a time lag (i.e. one survey period or three years) at 

both a univariate (weighted for area) and multivariate level. This method allowed for the 

examination of a temporal sequence (i.e. cause and effect) between perceived stress and 

arthritis onset (with psychological stress preceding arthritis diagnosis). With a slight variation 

to the standard GEE model, the GEE time lag model was used to examine whether 

psychological stress (the predictor variable) repeatedly studied over time was related to 

arthritis diagnosis one survey later, thus taking into account the temporal sequence of cause 

and effect [66].  
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Limited research has suggested that a delay between the onset of symptoms and the diagnosis 

of arthritis, particularly for OA may exist [67-69]. In order to mitigate the potential impact of 

possible undiagnosed arthritis on the analysis, the time lag model was also conducted on a 

sub-sample of women (n=10,986) excluding women without arthritis at any survey who 

reported experiencing joint pain ‘often’ at either survey 4 or 5; women with incident arthritis 

at survey 4 who reported experiencing joint pain ‘often’ at survey 3; and women with 

incident arthritis at survey 5 who reported joint pain ‘often’ at either survey 3 or 4 (n=1216).  

Moreover, interaction GEE models (with and without time lags) for social support were also 

fitted to the data in order to test the hypothesis regarding the moderating effect of 

psychosocial processes on the relationship between perceived stress and arthritis.  

Finally, sensitivity analyses were conducted in order to provide further support for the role of 

perceived stress as a predictor in the onset of arthritis. Adjusted multinomial GEE models 

(with and without a time lag), controlling for arthritis onset predictors and factors that impact 

on the arthritis experience (e.g. disease comorbidity and health service use) were conducted 

in order to examine the role of arthritis as a predictor of perceived stress over time. 

Due to a large sample size, statistical significance was set at p<0.005. All analyses were 

conducted using the software package SPSS v.19 (SPSS Inc., Chicago, IL, USA). The graph 

was constructed in Microsoft Excel 2010.  

Results  

Sample characteristics. In 2001, a total of 2441 (22.1%) reported being diagnosed with, or 

treated for arthritis in the previous three years. Demographically, the majority of these 

women with a mean age of 52.5 (SD=1.5) years were living in partnered relationships 

(79.8%), resided in urban areas (69.8%), and had achieved secondary education (46. 4%) or 
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higher (20.1% and 17.3% for trade and tertiary education, respectively). The women however 

reported diverse occupations with 33.4% employed in highly skilled occupations, 30.0% in 

skilled occupations and 6.0% in less skilled occupations. Meanwhile, a total of 2510 women 

(22.7%) reported no paid employment. 

At the following survey, 3,452 (32.2%) women reported being diagnosed or treated for 

arthritis within the following three years, while in 2007, 40.8% of women reported arthritis 

(n=4301). A total of 9116 women completed the question relating to arthritis diagnosis at all 

three surveys, with 2013 (22.1%) reporting arthritis at all three time points. An additional 965 

(10.6%) and 782 (8.6%) women reported arthritis twice, or on one occasion.  

A sensitivity analysis was conducted using chi-square for arthritis diagnosis between women 

who remained in the cohort at either of the follow-up 2004 and 2007 surveys from women 

who did not in order to assess for sample bias arising from attrition between each of the 

surveys. These comparisons revealed no significant differences in arthritis status between 

women who provided data at each of the time points from women who did not. 

Cross-sectional associations between perceived stress and arthritis. As indicated in Table 

1, women with arthritis consistently reported significantly higher prevalence estimates of 

moderate/high perceived stress in comparison to women without arthritis. Peak prevalence 

was reported in 2001 with 22.1% of women (n=536) with arthritis experiencing higher levels 

of perceived stress compared to only 14.2% (n=1214) of women without the disease.  

Figure 1 shows that women with prevalent arthritis consistently reported the highest levels of 

moderate/high perceived stress across the three time points. The proportion of women with 

moderate/high levels of perceived stress were the highest across the six year study period for 

women with prevalent arthritis, however by 2007 these levels approached those of women 

with incident arthritis. In 2001, women categorised as having no arthritis reported higher 
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levels of minimal stress, while those with prevalent arthritis reported the least. In 2004 

however, the proportion of women reporting minimal stress by women with no arthritis and 

incident arthritis were the same, and by 2007 all three groups were reporting similar 

proportions. Fewer women with prevalent arthritis reported experiencing no stress in 

comparison to the other two groups. However, in the follow-up surveys, the proportions of 

women contributing to the prevalent and incident arthritis groups were similar. Further, while 

women who did not report arthritis at any survey reported higher levels of moderate/high 

stress in comparison to no stress in 2001, the proportion of women contributing to either 

group were similar in 2004 and 2007. 

The longitudinal relationship between perceived stress and arthritis. The longitudinal 

relationship between perceived stress and arthritis was examined using GEE models. As 

shown in Table 2, the unadjusted odds associated with arthritis significantly increased over 

time. Specifically, women who reported experiencing minimal stress had 1.7 (95% CI=1.5, 

2.0; p<0.001) times greater odds of reporting arthritis than women who had experienced no 

stress during the study period. Likewise, women who reported moderate/high levels of 

perceived stress were found to have a 2.6 (95%CI=2.2, 3.0; p<0.001) times greater odds of 

reporting arthritis. When psychosocial, behavioural, demographic and health-related 

confounders were included in the model (see Table 3), the odds of experiencing arthritis 

dropped slightly with minimal stress found to be predictive of a 1.5 (95% CI=1.4, 1.8; 

p<0.001) times greater odds of the reporting of arthritis and 1.9 greater odds for those 

moderately to highly stressed (95% CI=1.6, 2.2; p<0.001). 

The longitudinal relationship between perceived stress and arthritis using a time-lag 

approach. Findings related to the time lag analyses provided similar results to those using 

the GEE approach without a time lag. Notably, the odds associated with reporting arthritis 

increased when using this technique. Univariate associations revealed that compared to 
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women who experienced no stress, women who experienced minimal levels of perceived 

stress experienced in the previous 12 months were found to have a 1.8 times greater odds of 

reporting arthritis (95%CI=1.5, 2.1; p<0.001), while women who experienced moderate/high 

levels of perceived stress were found to have a 3.0 (95% CI=2.5, 3.6; p<0.001) times greater 

of odds of reporting arthritis (see Table 2). The multivariate time lag GEE model (see Table 

3) indicated a 1.6 (95% CI=1.4, 1.9; p<0.001) times greater odds of reporting arthritis when 

experiencing minimal levels of stress compared to women with no stress. This number 

increased slightly when considering moderate/high levels of perceived stress (OR=2.0; 95% 

CI=1.7, 2.4; p<0.001). 

Findings relating to perceived stress as a predictor of arthritis onset increased further, 

particularly in relation to moderate/high stress when the time lag model was employed 

following the exclusion of women with persistent joint pain. Particularly, at a univariate level 

(see Table 2), compared to women who experienced no stress, women with minimal levels of 

stress were found to have a 1.8 times greater odds of arthritis (95% CI=1.6, 2.2; p<0.001) at 

the following survey, while those with moderate/high stress levels resulted in a 3.7 (95% 

CI=3.1, 4.5; p<0.001) times greater odds of reporting arthritis three years later. At a 

multivariate level (see Table 3), women with minimal levels of stress reported a 1.7 (95% 

CI=1.5, 2.0; p<0.001) times greater odds in arthritis diagnosis at the following survey 

compared to women without stress. On the other hand, women with moderate/high perceived 

stress levels had a 2.4 (95% CI=2.0, 2.9; p<0.001) times greater odds in being diagnosed with 

arthritis three years later than women without stress (see Electronic Supplementary Material 

(ESM) Table S1 for the complete model). 

Social support as a moderator of the perceived stress-arthritis relationship. Higher order 

multivariate interactional analyses testing social support as a moderator of the perceived 
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stress-arthritis relationship revealed no significant associations (all ps>0.005) for all 

examined models (ESM Table S2). 

Sensitivity analyses. Findings from the adjusted multinomial GEE models (with and without 

a time lag) examining arthritis as a predictor of perceived stress also produced non-significant 

findings (all ps>0.005) (see ESM Table S3). 

Discussion 

This is the first study to examine the role of perceived stress in the onset of arthritis in an 

ageing cohort of Australian women. Findings from the longitudinal analyses indicate that 

perceived stress is a strong risk factor for arthritis, with both minimal and moderate/high 

levels of perceived stress contributing to the onset of arthritis three years later. Although the 

use of a longitudinal study design does not necessarily allow the implication of causality, the 

comparison of GEE models with and without a time lag component, along with the 

adjustment for traditional risk factors, provides some evidence towards perceived stress 

playing a causal role in arthritis onset.   

Perceived stress may contribute to disease onset through multiple pathways. Researchers 

have speculated that psychological stress may influence the onset of arthritis, notably RA via 

neuroendocrine and immune pathways [70,71]. Dysregulation of the hypothalamic-pituitary-

adrenal axis has been identified as crucial to this process [72]. McEwen and colleagues have 

argued that in the process of restoring allostasis (equilibrium) following psychological insult, 

chronic stress activation may result in cumulative changes that lead to allostatic overload, and 

thus a reorganisation in order to set a new equilibrium [73,74]. Chronically stressed 

individuals have been found to have rigid patterns of cortisol secretion, reduced cortisol 

variation and hypersensitisation of the nervous system [75,76]. As such, a response to 

decreasingly intense stimuli such as minor stressors may occur [77]. The findings of this 
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study support this hypothesis, with women who developed arthritis found to have greater 

stressor reactivity (in terms of diagnosed depression). Less evidence exists for the role of 

psychological stress in the onset of OA, however it has been posited that psychological stress 

remains a substantial contributor to cellular ageing [78-80] and thus may be a significant 

contributor to accrued joint degeneration through similar pathways. Others  have suggested 

that the effects of perceived stress may be elicited via behavioural or metabolic pathways, 

altering health through increased engagement in adverse behaviours (e.g. poor nutrition 

leading to increased BMI), or through psychosocial processes (e.g. depression and poor 

coping), thus increasing allostatic load [81,82]. Similar pathways have been posited for 

conditions with chronic stress at its core [83]. 

The consistency in odds ratios between the multivariate models in our study suggests that 

women who develop arthritis chronically perceive their lives as stressful. As such, these 

women may have coping mechanisms that, while adaptive in the first instance, are 

maladaptive in the long-term. Although an under-researched phenomenon within the arthritis 

literature, findings from other chronic disease studies, including those with pain as a key 

feature support the results of this study [84,85]. Additionally, Smith et al. [86] demonstrated 

that perceived stress partially mediated the relationship between traumatic events and mental 

as well as physical health in women with fibromyalgia. The authors concluded that the 

findings suggested that although women with, and without the condition had relatively little 

difference in stress exposure, an exposure to trauma may have contributed to ongoing 

cognitive appraisals. As such, traumatic events may lead to long-term dysregulation of stress 

response systems and increased sensitivity to ongoing life demands [75,87]. Although we 

were unable to examine the cumulative impact of traumatic events related to abuse, arthritis 

was associated with the stress of having a family member/close friend with a major illness, 

although to a far lesser extent than perceived stress (See ESM Table S1). While the role of 
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allostasis would have to be examined in further prospective analyses, women in our study did 

show a hypersensitivity to this ongoing stressor. Further, while having functional types of 

social support available most of the time was found to be a modest predictor of arthritis onset 

in all GEE models, specific relationship sources were identified as more pertinent to arthritis 

onset. Notably, never being in a partnered relationship compared to those in married or de 

facto relationships produced similar increases in arthritis risk as experiencing low levels of 

chronic stress.  Although further research is required in order to elucidate the complex 

interplay between stressors (including the impact of trauma histories), coping resources and 

stress appraisal, the results of this study suggest that having functional forms of social 

support available is ineffective in mitigating the deleterious effects of perceived stress. As 

such, these psychosocial factors appear to act independently in increasing arthritis risk, with 

perceived stress far more pertinent. 

Moreover, the findings from analyses with and without a time lag indicate that arthritis risk 

increased for women who experienced chronic depression during the study period. This 

finding parallels that of Magin et al. [88] who found that perceived stress and depression 

predicted the onset of skin disease. While the strength of the relationship between perceived 

stress and arthritis onset was stronger for those women with either minimal or moderate/high 

levels of stress, the experience of chronic depression also predicted the onset of arthritis in 

the time lag analyses (see ESM Table S1). As such, this finding suggests that perceived stress 

and depression may act through similar pathways in order to induce arthritis.  

Taken together, the findings from this study have important clinical implications.  

Particularly, the results suggest that focusing on reducing perceived stress and poor mental 

health as well as increasing personal coping resources (such as increasing social networks), 

coupled with current modifiable preventive strategies (focused on overweight and obesity, 

occupational joint overload, physical activity) may prove beneficial in the reduction of 
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arthritis. Notably, moderate/high levels of perceived stress had a similar risk of arthritis onset 

to being in the highest BMI category (see ESM Table S1).   

The current study must however, be considered in light of a few limitations. Firstly, this study 

relied upon a self-report measure of arthritis. March and colleagues [89] however, have found 

that self-reported physician diagnosed general arthritis has good congruency with clinically 

derived diagnoses. Likewise, due to the nature of the survey, we were unable to distinguish 

between arthritis forms. While it has been more commonly accepted that stress may play a 

role in the onset and exacerbation of RA due to its relationship with systemic inflammation, 

this study examined arthritis onset in a cohort of women transitioning from midlife to older 

age. It is likely that the numbers of arthritis were driven by OA. Therefore, the findings from 

these analyses provide the most conclusive evidence that perceived stress also plays a 

substantial role in the onset of OA. Additionally, ‘arthritis’ is a collective term used to 

describe a subset of conditions characterised by inflammation of tissues in or around a joint. 

As such, symptom intensity at onset may vary according to arthritis form with differing lag 

times between symptom onset and diagnosis [67-69] Thus, there is the potential for reverse 

causality in which individuals with undiagnosed arthritis report increasing psychological 

stress. Unlike the Kopec and Sayre study [32] we excluded women without arthritis with 

persistent joint symptoms in order to minimise this effect. While there is discordance between 

clinical symptomatology and radiographic evidence of OA [90,91], pain has been found to be 

present in approximately 75-85% of individuals with abnormalities of the knee, hips, and 

hands [92]. Moreover, sensitivity analyses examining arthritis as a predictor of perceived 

stress, controlling for factors that impact on the arthritis experience (e.g. disease comorbidity 

and health service use) produced non-significant findings (see ESM Table S3). Given this 

result, it is unlikely that reverse causality contributed to the study findings, suggesting that 

factors other than arthritis are responsible for increased levels of stress over the course of the 
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disease. Thus, the role of perceived stress as a risk factor for arthritis is of greater potential 

significance. This causal pathway however would require investigation in future studies. A 

further limitation of this study is that we examined the role of perceived stress in a cohort of 

women. Studies have shown gender differences in stress reactivity [93,94]. As such, these 

findings may not be generalisable to the development of arthritis in males. 

With life expectancies increasing, addressing the burden associated with arthritis has become 

a key priority for governmental policy makers. The findings of this large national cohort 

study add to our current understanding of arthritis risk factors and highlight the importance of 

perceived stress in disease onset, particularly for women. Importantly, our findings indicate 

that chronic perceived stress has significant health consequences, with the effects of such 

cognitive appraisal evident years later. While further prospective research is required in order 

to elucidate the complex interplay between stressors, coping resources and stress appraisal, 

the findings provide support for perceived stress to be considered alongside other modifiable 

risk factors such as obesity and physical activity in public health primary prevention 

approaches. Moreover, these findings have implications for interventions with a cognitive-

behaviour focus, namely reducing psychological stress and increasing psychosocial coping 

resources, in order to prevent or delay the onset of this debilitating condition in women. In 

doing so, this will not only reduce the economic burden associated with the disease, but also 

facilitate women in ageing well. 

Conflict of Interest Statement 

The authors have no conflict of interest to disclose. 

References 



19 

1. Access Economics. Painful Realities: The conomic Impact of Arthritis in Australia in 

2007. Sydney: Arthritis Australia;2007. 

2. Badley EM, Kasman NM. The Impact of arthritis on Canadian women. BMC Womens 

Health. 2004;4 (Suppl 1):S18. 

3. National Arthritis and Musculoskeletal Conditions Advisory Group. Evidence to 

Support the National Action Plan for Osteoarthritis, Rheumatoid Arthritis and 

Osteoporosis: Opportunities to Improve Health-related Quality of Life and Reduce 

the Burden of Disease and Disability. Canberra: Australian Government Department 

of Health and Ageing;2004. 

4. CDC. Prevalence and most common causes of disability among adults -- United 

States, 2005. MMWR Morb Mortal Wkly Rep. 2009;58(16):421-426. 

5. Parkinson L, Gibson R, Robinson I, Byles J. Older women and arthritis: Tracking 

impact over time. Australas J Ageing. 2010;29(4):155-160. 

6. CDC. Prevalence of doctor-diagnosed arthritis and arthritis-attributable activity 

limitation--United States, 2003-2005. MMWR Morb Mortal Wkly Rep. 

2006;55(40):1089-1092. 

7. Knox SA, Harrison CM, Britt HC, Henderson JV. Estimating prevalence of common 

chronic morbidities in Australia. Med J Aust. 2008;189(2):66-70. 

8. Helmick CG, Felson DT, Lawrence RC, et al. Estimates of the prevalence of arthritis 

and other rheumatic conditions in the United States. Part I. Arthritis Rheum. 

2008;58(1):15-25. 

9. McInnes IB, Schett G. The pathogenesis of rheumatoid arthritis. N Engl J Med. 

2011;365(23):2205-2219. 

10. Williams FM, Spector TD. Biomarkers in osteoarthritis. Arthritis Res Ther. 

2008;10(1):101. 



20 

11. Silman AJ, Pearson JE. Epidemiology and genetics of rheumatoid arthritis. Arthritis 

Res. 2002;4 (Suppl 3):S265-272. 

12. MacGregor AJ, Li Q, Spector TD, Williams FM. The genetic influence on 

radiographic osteoarthritis is site specific at the hand, hip and knee. Rheumatol. 

2009;48(3):277-280. 

13. Cooper C, Snow S, McAlindon TE, et al. Risk factors for the incidence and 

progression of radiographic knee osteoarthritis. Arthritis Rheum. 2000;43(5):995-

1000. 

14. Felson DT, Lawrence RC, Dieppe PA, et al. Osteoarthritis: New insights. Part 1: The 

disease and its risk factors. Ann Intern Med. 2000;133(8):635-646. 

15. Symmons DP. Epidemiology of rheumatoid arthritis: determinants of onset, 

persistence and outcome. Best Pract Res Clin Rheumatol. 2002;16(5):707-722. 

16. Buckwalter JA, Lappin DR. The disproportionate impact of chronic arthralgia and 

arthritis among women. Clin Orthop Relat Res. 2000(372):159-168. 

17. Srikanth VK, Fryer JL, Zhai G, Winzenberg TM, Hosmer D, Jones G. A meta-

analysis of sex differences prevalence, incidence and severity of osteoarthritis. 

Osteoarthritis Cartilage. 2005;13(9):769-781. 

18. Lee DM, Weinblatt ME. Rheumatoid arthritis. Lancet. 2001;358(9285):903-911. 

19. MacGregor AJ, Antoniades L, Matson M, Andrew T, Spector TD. The genetic 

contribution to radiographic hip osteoarthritis in women: Results of a classic twin 

study. Arthritis Rheum. 2000;43(11):2410-2416. 

20. Silman AJ, MacGregor AJ, Thomson W, et al. Twin concordance rates for rheumatoid 

arthritis: Results from a nationwide study. Br J Rheumatol. 1993;32(10):903-907. 



21 

21. Felson DT, Zhang Y, Hannan MT, et al. Risk factors for incident radiographic knee 

osteoarthritis in the elderly: The Framingham Study. Arthritis Rheum. 

1997;40(4):728-733. 

22. Seavey WG, Kurata JH, Cohen RD. Risk factors for incident self-reported arthritis in 

a 20 year followup of the Alameda County Study Cohort. J Rheumatol. 

2003;30(10):2103-2111. 

23. Wilder FV, Hall BJ, Barrett JP, Jr., Lemrow NB. History of acute knee injury and 

osteoarthritis of the knee: A prospective epidemiological assessment. The Clearwater 

Osteoarthritis Study. Osteoarthritis Cartilage. 2002;10(8):611-616. 

24. Maetzel A, Makela M, Hawker G, Bombardier C. Osteoarthritis of the hip and knee 

and mechanical occupational exposure--A systematic overview of the evidence. J 

Rheumatol. 1997;24(8):1599-1607. 

25. Felson DT, Hannan MT, Naimark A, et al. Occupational physical demands, knee 

bending, and knee osteoarthritis: Results from the Framingham Study. J Rheumatol. 

1991;18(10):1587-1592. 

26. Costenbader KH, Feskanich D, Mandl LA, Karlson EW. Smoking intensity, duration, 

and cessation, and the risk of rheumatoid arthritis in women. Am J Med. 

2006;119(6):503 e501-509. 

27. Silman AJ, Newman J, MacGregor AJ. Cigarette smoking increases the risk of 

rheumatoid arthritis. Results from a nationwide study of disease-discordant twins. 

Arthritis Rheum. 1996;39(5):732-735. 

28. Stolt P, Bengtsson C, Nordmark B, et al. Quantification of the influence of cigarette 

smoking on rheumatoid arthritis: Results from a population based case-control study, 

using incident cases. Ann Rheum Dis. 2003;62(9):835-841. 



22 

29. Clarke DM, Currie KC. Depression, anxiety and their relationship with chronic 

diseases: A review of the epidemiology, risk and treatment evidence. Med J Aust. 

2009;190(7 Suppl):S54-60. 

30. Kune S, Kune GA, Watson LF, Rahe RH. Recent life change and large bowel cancer. 

Data from the Melbourne Colorectal Cancer Study. J Clin Epidemiol. 1991;44(1):57-

68. 

31. Wulsin LR, Singal BM. Do depressive symptoms increase the risk for the onset of 

coronary disease? A systematic quantitative review. Psychosom Med. 2003;65(2):201-

210. 

32. Kopec JA, Sayre EC. Traumatic experiences in childhood and the risk of arthritis: A 

prospective cohort study. Can J Public Health. 2004;95(5):361-365. 

33. Fuller-Thomson E, Stefanyk M, Brennenstuhl S. The robust association between 

childhood physical abuse and osteoarthritis in adulthood: Findings from a 

representative community sample. Arthritis Rheum. 2009;61(11):1554-1562. 

34. Von Korff M, Alonso J, Ormel J, et al. Childhood psychosocial stressors and adult 

onset arthritis: Broad spectrum risk factors and allostatic load. Pain. 2009;143(1-

2):76-83. 

35. Lazarus RS, Folkman S. Transactional theory and research on emotions and coping. 

Eur J Pers. 1987;1(3):141-169. 

36. Evers AW, Kraaimaat FW, Geenen R, Jacobs JW, Bijlsma JW. Stress-vulnerability 

factors as long-term predictors of disease activity in early rheumatoid arthritis. J 

Psychosom Res. 2003;55(4):293-302. 

37. Zautra AJ, Hoffman JM, Matt KS, et al. An examination of individual differences in 

the relationship between interpersonal stress and disease activity among women with 

rheumatoid arthritis. Arthritis Care Res. 1998;11(4):271-279. 



23 

38. Rios R, Zautra AJ. Socioeconomic disparities in pain: The role of economic hardship 

and daily financial worry. Health Psychol. 2011;30(1):58-66. 

39. Zautra AJ, Smith BW. Depression and reactivity to stress in older women with 

rheumatoid arthritis and osteoarthritis. Psychosom Med. 2001;63(4):687-696. 

40. Curtis R, Groarke A, Coughlan R, Gsel A. Psychological stress as a predictor of 

psychological adjustment and health status in patients with rheumatoid arthritis. 

Patient Educ Couns. 2005;59(2):192-198. 

41. Treharne GJ, Lyons AC, Booth DA, Kitas GD. Psychological well-being across 1 

year with rheumatoid arthritis: Coping resources as buffers of perceived stress. Brit J 

Health Psychol. 2007;12(Pt 3):323-345. 

42. Evers AW, Kraaimaat FW, Geenen R, Bijlsma JW. Determinants of psychological 

distress and its course in the first year after diagnosis in rheumatoid arthritis patients. 

J Behav Med. 1997;20(5):489-504. 

43. Dekkers JC, Geenen R, Evers AW, Kraaimaat FW, Bijlsma JW, Godaert GL. 

Biopsychosocial mediators and moderators of stress-health relationships in patients 

with recently diagnosed rheumatoid arthritis. Arthritis Rheum. 2001;45(4):307-316. 

44. Brown GK, Wallston KA, Nicassio PM. Social support and depression in rheumatoid 

arthritis: a one-year prospective study. J Appl Soc Psychol. 1989;19:1164-1181. 

45. Fitzpatrick R, Newman S, Archer R, Shipley M. Social support, disability and 

depression: A longitudinal study of rheumatoid arthritis. Soc Sci Med. 1991;33:605-

611. 

46. Affleck G, Tennen H, Urrows S, Higgins P. Person and contextual features of daily 

stress reactivity: Individual differences in relations of undesirable daily events with 

mood disturbance and chronic pain intensity. J Pers Soc Psychol. 1994;66(2):329-

340. 



24 

47. Lee C, Dobson AJ, Brown WJ, et al. Cohort profile: The Australian Longitudinal 

Study on Women's Health. Int J Epidemiol. 2005;34(5):987-991. 

48. Brown WJ, Bryson L, Byles JE, et al. Women's Health Australia: Recruitment for a 

national longitudinal cohort study. Women Health. 1998;28(1):23-40. 

49. Brown WJ, Bryson L, Byles JE, et al. Women's Health Australia: Establishment of the 

Australian Longitudinal Study on Women's Health. Women Health. 1996;5(5):467-

472. 

50. Bombard JM, Powell KE, Martin LM, Helmick CG, Wilson WH. Validity and 

reliability of self-reported arthritis: Georgia senior centers, 2000-2001. Am J Prev 

Med. 2005;28(3):251-258. 

51. Sacks JJ, Harrold LR, Helmick CG, Gurwitz JH, Emani S, Yood RA. Validation of a 

surveillance case definition for arthritis. J Rheumatol. 2005;32(2):340-347. 

52. CDC. Prevalence of doctor-diagnosed arthritis and possible arthritis--30 states, 2002. 

MMWR Morb Mortal Wkly Rep. 2004;53(18):383-386. 

53. Women's Health Australia. ALSWH data dictionary supplement. 2007; 

http://www.alswh.org.au/for-researchers/data/data-dictionary-supplement. 

Accessibility verified July 24, 2009. 

54. Strodl E, Kenardy J, Aroney C. Perceived stress as a predictor of the self-reported 

new diagnosis of symptomatic CHD in older women. Int J Behav Med. 

2003;10(3):205-220. 

55. Beatty LJ, Adams J, Sibbritt D, Wade TD. Evaluating the impact of cancer on 

complementary and alternative medicine use, distress and health related QoL among 

Australian women: A prospective longitudinal investigation. Complement Ther Med. 

2012;20(1-2):61-69. 



25 

56. Bell S, Lee C. Development of the perceived stress questionnaire for young women. 

Psychol Health Med. 2002;7(2):189-201. 

57. Bell S, Lee C. Perceived stress revisited: The Women's Health Australia project 

young cohort. Psychol Health Med. 2003;8(3):343-353. 

58. Norbeck JS. Modification of life event questionnaires for use with female 

respondents. Res Nurs Health. 1984;7(1):61-71. 

59. Australian Bureau of Statistics. 1989-1990 National Health Survey Users Guide. 

Canberra: ABS;1991. 

60. Sherbourne CD, Stewart AL. The MOS social support survey. Soc Sci Med. 

1991;32(6):705-714. 

61. WHO Consultation on Obesity. Obesity: Report to WHO Consultation. Geneva: 

World Health Organization;1999. 

62. Armstrong T, Bauman A, Davies J. Physical Activity Patterns of Australian Adults: 

Results of the 1999 National Physical Activity Survey. Canberra: Australian Institute 

of Health and Welfare;2000. 

63. AIHW. National Health Data Dictionary. version 6.0. Standard questions on the use 

of tobacco among adults: Australian Institute of Health and Welfare;1997. 

64. Department of Primary Industries and Energy. Rural, Remote and Metropolitan Areas 

Classification: 1991 Census Edition. Canberra: Australian Government Publishing 

Service;1994. 

65. Brambilla DJ, McKinlay SM, Johannes CB. Defining the perimenopause for 

application in epidemiologic investigations. Am J Epidemiol. 1994;140(12):1091-

1095. 

66. Twisk JR. Applied Longitudinal Data Analysis for Epidemiology. Cambridge: 

Cambridge University Press; 2003. 



26 

67. Chan KW, Felson DT, Yood RA, Walker AM. The lag time between onset of 

symptoms and diagnosis of rheumatoid arthritis. Arthritis Rheum. 1994;37(6):814-

820. 

68. Bedson J, Jordan K, Croft P. The prevalence and history of knee osteoarthritis in 

general practice: A case-control study. Fam Pract. 2005;22(1):103-108. 

69. Kumar K, Daley E, Carruthers DM, et al. Delay in presentation to primary care 

physicians is the main reason why patients with rheumatoid arthritis are seen late by 

rheumatologists. Rheumatol. 2007;46(9):1438-1440. 

70. Cutolo M, Straub RH. Stress as a risk factor in the pathogenesis of rheumatoid 

arthritis. Neuroimmunomodulation. 2006;13(5-6):277-282. 

71. Marques-Deak A, Cizza G, Sternberg E. Brain-immune interactions and disease 

susceptibility. Mol Psychiatry. 2005;10(3):239-250. 

72. Kudielka BM, Kirschbaum C. Sex differences in HPA axis responses to stress: A 

review. Biol Psychol. 2005;69(1):113-132. 

73. McEwen BS. Protection and damage from acute and chronic stress: Allostasis and 

allostatic overload and relevance to the pathophysiology of psychiatric disorders. Ann 

N Y Acad Sci. 2004;1032:1-7. 

74. McEwen BS, Wingfield JC. What is in a name? Integrating homeostasis, allostasis 

and stress. Horm Behav. 2010;57(2):105-111. 

75. McEwen BS. Protective and damaging effects of stress mediators. N Engl J Med. 

1998;338(3):171-179. 

76. Perry BD, Azad I. Posttraumatic stress disorders in children and adolescents. Curr 

Opin Pediatr. 1999;11(4):310-316. 



27 

77. Perry BD, Pollard RH, Blakley TL, Baker WL, Vigilante D. Childhood trauma, the 

neurobiology of adaption and use-dependent development of the brain: How states 

become traits. Infant Ment Health J. 1995;16 (4):271-291. 

78. Hawkley LC, Berntson GG, Engeland CG, Marucha PT, Masi CM, Cacioppo JT. 

Stress, aging and resilience: Can accrued wear and tear be slowed? Can Psychol. 

2005;46(3):115-125. 

79. Epel ES, Blackburn EH, Lin J, et al. Accelerated telomere shortening in response to 

life stress. Proc Natl Acad Sci U S A. 2004;101(49):17312-17315. 

80. Sibille KT, Langaee T, Burkley B, et al. Chronic pain, perceived stress, and cellular 

aging: An exploratory study. Mol Pain. 2012;8(1):12. 

81. McEwen BS, Stellar E. Stress and the individual. Mechanisms leading to disease. 

Arch Intern Med. 1993;153(18):2093-2101. 

82. Velasquez MT, Katz JD. Osteoarthritis: another component of metabolic syndrome? 

Metab Syndr Relat Disord. 2010;8(4):295-305. 

83. Schnurr PP, Green BL. Understanding relationships among trauma, posttraumatic 

stress disorder, and health outcomes. In: Schnurr PP, Green BL, eds. Physical Health 

Consequences of Exposure to Extreme Stress. Washington DC: American 

Psychological Association; 2004:150–159. 

84. Jood K, Redfors P, Rosengren A, Blomstrand C, Jern C. Self-perceived psychological 

stress and ischemic stroke: A case-control study. BMC Med. 2009;7:53. 

85. Grimby-Ekman A, Andersson EM, Hagberg M. Analyzing musculoskeletal neck pain, 

measured as present pain and periods of pain, with three different regression models: 

A cohort study. BMC Musculoskelet Disord. 2009;10:73. 



28 

86. Smith BW, Papp ZZ, Montague EQ, Robinson AE, Cosper CJ. Traumatic events, 

perceived stress and health in women with fibromyalgia and healthy controls. Stress 

Health. 2010;26:83-93. 

87. McEwen BS. Stress, adaptation, and disease. Allostasis and allostatic load. Ann N Y 

Acad Sci. 1998;840:33-44. 

88. Magin P, Sibbritt D, Bailey K. The relationship between psychiatric illness and skin 

disease. Arch Dermatol. 2009;145(8):896-902. 

89. March LM, Schwarz JM, Carfrae BH, Bagge E. Clinical validation of self-reported 

osteoarthritis. Osteoarthritis Cartilage. 1998;6(2):87-93. 

90. Bagge E, Bjelle A, Eden S, Svanborg A. Osteoarthritis in the elderly: Clinical and 

radiological findings in 79 and 85 year olds. Ann Rheum Dis. 1991;50(8):535-539. 

91. Kean WF, Kean R, Buchanan WW. Osteoarthritis: symptoms, signs and source of 

pain. Inflammopharmacology. 2004;12(1):3-31. 

92. Bagge E, Bjelle A, Eden S, Svanborg A. A longitudinal study of the occurrence of 

joint complaints in elderly people. Age Ageing. 1992;21(3):160-167. 

93. Wang J, Korczykowski M, Rao H, et al. Gender difference in neural response to 

psychological stress. Soc Cogn Affect Neurosci. 2007;2(3):227-239. 

94. Jezova D, Jurankova E, Mosnarova A, Kriska M, Skultetyova I. Neuroendocrine 

response during stress with relation to gender differences. Acta Neurobiol Exp (Wars). 

1996;56(3):779-785. 

 



28 

Table 1. Unadjusted cross-sectional analyses for perceived stress according to arthritis status during the survey periods 2001-2007a 

 Survey 3 (2001) Survey 4 (2004) Survey 5 (2007) 

 Missing 

n (%) 

No arthritis 

n (%) 

Arthritis 

n (%) 

Missing 

n (%) 

No arthritis 

n (%) 

Arthritis 

n (%) 

Missing 

n (%) 

No arthritis 

n (%) 

Arthritis 

n (%) 

bPerceived stress          

None [ref]  696 (8.2%) 100 (4.1%)  689 (9.6%) 176 (5.1%)  637 (10.4%) 262 (6.1%) 

Minimal  6626 (77.6%) 1790 (73.8%)  5520 (77.2%) 2573 (74.9%)  4845 (79.1%) 3336 (77.8%) 

Moderate/high  1214 (14.2%) 536 (22.1%)  942 (13.2%) 684 (19.9%)  641 (10.5%) 688 (16.1%) 

Missing 80 (0.7%)   131 (1.2%)   123 (1.2%)   

a
 all analyses were weighted for area of residence 

b all associations significant (p<0.001) 
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Table 2. Unadjusted longitudinal GEE models reporting odds ratios with 95% confidence intervals (CI) for the relationship between perceived 
stress and arthritis during the period 2001-2007a  

 GEE Model without a time lag GEE Model with a time lag 
GEE Model with a time lag  

(excluding persistent joint pain) 

 Odds ratio (95% CI) P Value Odds ratio (95% CI) P Value Odds ratio (95% CI) P Value 

Perceived stress       

None [ref] — — — — — — 

Minimal 1.7 (1.5, 2.0) <0.001 1.8 (1.5, 2.1) <0.001 1.8 (1.6, 2.2) <0.001 

Moderate/high 2.6 (2.2, 3.0) <0.001 3.0 (2.5, 3.6) <0.001 3.7 (3.1, 4.5) <0.001 

aanalyses were weighted for area of residence 
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Table 3. Adjusted longitudinal GEE models reporting odds ratios and 95% confidence intervals (CI) for the relationship between perceived 
stress and arthritis during the period 2001-2007a 

 GEE Model without a time lag GEE Model with a time lag GEE Model with a time lag 
(excluding persistent joint pain) 

 Odds ratio (95% CI) P Value Odds ratio (95% CI) P Value Odds ratio (95% CI) P Value 

Perceived stress       

None — — — — — — 

Minimal 1.5 (1.4, 1.8) <0.001 1.6 (1.4, 1.9) <0.001 1.7 (1.5, 2.0) <0.001 

Moderate/high 1.9 (1.6, 2.2) <0.001 2.0 (1.7, 2.4) <0.001 2.4 (2.0, 2.9) <0.001 
 

aadjusted for the following covariates: psychosocial (negative life events, psychiatric mood disorders, perceived social support); demographics (area of residence, age, occupation, marital status, 
educational attainment, time); health behaviours (physical activity, BMI, smoking); hormonal (menopause status, hormone replacement therapy use).   



31 

 

Figure 1. The relationship between arthritis and perceived stress for the 1946-1951 cohort across three time points according to prevalent, 
incident and no arthritis status. 



Electronic Supplementary Material 

Electronic Supplementary Material Table S1. Adjusted GEE models reporting odds ratios and 95% confidence intervals (CI) for the 
relationship between perceived stress and arthritis during the period 2001-2007 

 GEE Model without a time lag GEE Model with a time lag GEE Model with a time lag 
(excluding persistent joint pain) 

 Odds ratio (95% CI) P Value Odds ratio (95% CI) P Value Odds ratio (95% CI) P Value 

Perceived stress       

None [ref] — — — — — — 

Minimal 1.5 (1.3, 1.7) <0.001 1.6 (1.4, 1.9) <0.001 1.7 (1.4, 2.0) <0.001 

Moderate/high 1.7 (1.5, 2.1) <0.001 1.9 (1.6, 2.3) <0.001 2.2 (1.8, 2.7) <0.001 

Negative life events  experienced 
within the past 12 months 

      

Death of a family member/close friend       

No [ref] — — — — — — 

Yes  1.1 (1.0, 1.1) 0.172 1.0 (0.9, 1.1) 0.696 1.0 (0.9, 1.1) 0.766 

Major illness of family member/close friend       

No [ref] — — — — — — 

Yes 1.1 (1.1, 1.2) <0.001 1.1 (1.1, 1.2) <0.001 1.2 (1.1, 1.3) <0.001 

Interpersonal/relationship difficulties       

No [ref] — — — — — — 

Yes 1.1 (1.0, 1.2) 0.033 1.1 (1.0, 1.2) 0.090 1.1 (1.0, 1.2) 0.106 

Financial strain       

No [ref] — — — — — — 

Yes 1.1 (1.0, 1.2) 0.041 1.1 (1.0, 1.2) 0.070 1.1 (1.0, 1.2) 0.063 

Psychiatric diagnoses       



Depression       

No [ref] — — — — — — 

Yes 1.3 (1.2, 1.5) <0.001 1.4 (1.2, 1.6) <0.001 1.5 (1.3, 1.7) <0.001 

Anxiety/nervous disorder       

No [ref] — — — — — — 

Yes 1.2 (1.1, 1.4) 0.003 1.1 (0.9, 1.3) 0.208 1.2 (1.0, 1.4) 0.071 

Perceived social support       

All of the time [ref] — — — — — — 

Most of the time 1.1 (1.1, 1.2) 0.001 1.1 (1.0, 1.2) 0.003 1.2 (1.1, 1.3) <0.001 

Some of the time 1.1 (1.0, 1.2) 0.146 1.1 (1.0, 1.2) 0.122 1.1 (1.0, 1.2) 0.184 

None/little of the time 1.1 (1.0, 1.3) 0.080 1.2 (1.0, 1.4) 0.025 1.2 (1.0, 1.4) 0.026 

Optimistic life approach       

LOT-R 0.98 (0.97, 0.98) <0.001 0.97 (0.96, 0.99) <0.001 0.97 (0.96, 0.98) <0.001 

BMI       

Under weight 1.0 (0.7, 1.4) 0.776 0.9 (0.6, 1.3) 0.468 0.9 (0.6, 1.4) 0.701 

Healthy weight [ref] — — — — — — 

Overweight 1.4 (1.2, 1.5) <0.001 1.3 (1.2, 1.5) <0.001 1.4 (1.3, 1.5) <0.001 

Obese 2.0 (1.8, 2.2) <0.001 1.9 (1.7, 2.2) <0.001 2.0 (1.8, 2.3) <0.001 

Physical activity       

Nil/sedentary 1.2 (1.1, 1.3) 0.001 1.2 (1.1, 1.3) 0.005 1.3 (1.1, 1.4) <0.001 

Low  1.1 (1.0, 1.2) 0.107 1.1 (1.0, 1.2) 0.147 1.1 (1.0, 1.2) 0.140 

Moderate [ref] — — — — — — 

High 1.1 (1.0, 1.2) 0.197 1.1 (1.0, 1.2) 0.136 1.1 (1.0, 1.2) 0.107 

Smoking status       

Non-smoker [ref] — — — — — — 



Ex-smoker 1.2 (1.1, 1.3) 0.001 1.2 (1.1, 1.3) <0.001 1.2 (1.1, 1.3) 0.001 

Current smoker 1.0 (0.9, 1.2) 0.496 1.0 (0.9, 1.2) 0.502 1.1 (0.9, 1.2) 0.490 

Age       

 1.09 (1.06, 1.12) <0.001 1.08 (1.05, 1.11) <0.001 1.07 (1.04, 1.11) <0.001 

Marital status       

Married/de facto [ref] — — — — — — 

Separated/divorced/widowed 1.0 (0.9, 1.1) 0.862 1.0 (0.9, 1.1) 0.720 1.0 (0.9, 1.2) 0.675 

Never married 1.6 (1.2, 2.0) <0.001 1.6 (1.2, 2.1) <0.001 1.5 (1.2, 2.0) 0.002 

Area of residence       

Urban [ref] — — — — — — 

Rural/remote 1.0 (0.9, 1.1) 0.620 1.0 (0.9, 1.1) 0.446 1.0 (1.0, 1.1) 0.379 

Educational attainment       

Tertiary/post graduate [ref] — — — — — — 

Trade/diploma 1.1 (1.0, 1.3) 0.133 1.1 (0.9, 1.2) 0.393 1.1 (0.9, 1.3) 0.246 

School/higher school certificate 1.0 (0.9, 1.2) 0.817 1.0 (0.9, 1.1) 0.978 1.0 (0.9, 1.2) 0.606 

No formal education 1.2 (1.0, 1.4) 0.014 1.2 (1.0, 1.4) 0.027 1.3 (1.1, 1.6) 0.003 

Occupation       

Highly skilled [ref] — — — — — — 

Skilled 1.0 (0.9, 1.2) 0.396 1.0 (0.9, 1.2) 0.465 1.0 (0.9, 1.2) 0.640 

Less skilled 1.1 (0.9, 1.3) 0.432 1.2 (1.0, 1.4) 0.048 1.2 (1.0, 1.5) 0.029 

No paid employment 1.4 (1.3, 1.6) <0.001 1.4 (1.2, 1.5) <0.001 1.4 (1.3, 1.6) <0.001 

Menopause status       

Pre/peri-menopause  0.9 (0.8, 1.0) 0.009 1.0 (0.9, 1.1) 0.459 1.0 (0.9, 1.1) 0.490 

Post-menopause [ref] — — — — — — 

Surgical menopause 1.4 (1.3, 1.5) <0.001 1.4 (1.3, 1.6) <0.001 1.4 (1.3, 1.6) <0.001 



HRT use       

No [ref] — — — — — — 

Yes 1.2 (1.1, 1.3) <0.001 1.3 (1.2, 1.4) <0.001 1.3 (1.2, 1.5) <0.001 
Note: time was entered as a within subjects variable and as a predictor 

  



Electronic Supplementary Material Table S2. Adjusted longitudinal GEE interaction models (social support) for the relationship between 
perceived stress and arthritis during the period 2001-2007 

 GEE Model without a time lag GEE Model with a time lag GEE Model with a time lag 
(excluding persistent joint pain) 

 Odds ratio (95% CI) P Value Odds ratio (95% CI) P Value Odds ratio (95% CI) P Value 

Perceived stress       

None [ref] — — — — — — 

Minimal 1.5 (1.3, 1.8) <0.001 1.6 (1.3, 1.9) <0.001 1.6 (1.3, 1.9) <0.001 

Moderate/high 1.7 (1.3, 2.1) <0.001 1.7 (1.3, 2.2) <0.001 1.9 (1.5, 2.6) <0.001 

Perceived social support       

All of the time [ref] — — — — — — 

Most of the time 1.2 (0.9, 1.7) 0.159 1.0 (0.7, 1.4) 0.976 1.0 (0.7, 1.4) 0.832 

Some of the time 1.2 (0.7, 2.0) 0.505 1.5 (0.8, 2.6) 0.172 1.3 (0.7, 2.3) 0.426 

None/little of the time 0.6 (0.3, 1.2) 0.174 0.6 (0.3, 1.2) 0.150 0.6 (0.3, 1.2) 0.153 

Perceived stress x social support       

None x all of the time [ref] — — — — — — 

None x most of the time — — — — — — 

None x some of the time — — — — — — 

None x none/little of the time — — — — — — 

Minimal x all of the time — — — — — — 

Minimal x most of the time 0.9 (0.7, 1.2) 0.542 1.2 (0.8, 1.7) 0.428 1.2 (0.9, 1.8) 0.263 

Minimal x some of the time 0.9 (0.5, 1.5) 0.666 0.7 (0.4, 1.3) 0.243 0.8 (0.4, 1.5) 0.535 

Minimal x none/little of the time 1.8 (0.9, 3.4) 0.079 2.0 (1.0, 4.0) 0.060 2.1 (1.0, 4.5) 0.050 

Moderate/high x all of the time — — — — — — 



Moderate/high x most of the time 1.0 (0.7, 1.4) 0.938 1.2 (0.8, 1.8) 0.394 1.3 (0.8, 2.1) 0.223 

Moderate/high x some of the time 1.0 (0.6, 1.7) 0.929 0.8 (0.5, 1.6) 0.580 1.0 (0.5, 1.9) 0.959 

Moderate/high x none/little of the time 1.9 (1.0, 3.8) 0.059 2.3 (1.1, 5.0) 0.027 2.3 (1.0, 5.2) 0.041 

Negative life events  experienced 
within the past 12 months 

      

Death of a family member/close friend       

No [ref] — — — — — — 

Yes  1.1 (1.0, 1.1) 0.172 1.0 (0.9, 1.1) 0.695 1.0 (0.9, 1.1) 0.763 

Major illness of family member/close friend       

No [ref] — — — — — — 

Yes 1.1 (1.1, 1.2) <0.001 1.1 (1.1, 1.2) <0.001 1.2 (1.1, 1.3) <0.001 

Interpersonal/relationship difficulties       

No [ref] — — — — — — 

Yes 1.1 (1.0, 1.2) 0.036 1.1 (1.0, 1.2) 0.099 1.1 (1.0, 1.2) 0.117 

Financial strain       

No [ref] — — — — — — 

Yes 1.1 (1.0, 1.2) 0.041 1.1 (1.0, 1.2) 0.073 1.1 (1.0, 1.2) 0.068 

Psychiatric diagnoses       

Depression       

No [ref] — — — — — — 

Yes 1.3 (1.2, 1.5) <0.001 1.4 (1.2, 1.6) <0.001 1.5 (1.3, 1.7) <0.001 

Anxiety/nervous disorder       

No [ref] — — — — — — 

Yes 1.2 (1.1, 1.4) 0.002 1.1 (1.0, 1.3) 0.195 1.2 (1.0, 1.4) 0.066 

Optimistic life approach        

LOT-R 0.98 (0.97, 0.98) <0.001 0.97 (0.96, 0.99) <0.001 0.97 (0.96, 0.98) <0.001 



BMI       

Under weight 0.9 (0.7, 1.3) 0.756 0.9 (0.6, 1.3) 0.456 0.9 (0.6, 1.4) 0.683 

Healthy weight [ref] — — — — — — 

Overweight 1.4 (1.2, 1.5) <0.001 1.3 (1.2, 1.5) <0.001 1.4 (1.3, 1.5) <0.001 

Obese 2.0 (1.8, 2.2) <0.001 1.9 (1.8, 2.2) <0.001 2.1 (1.8, 2.3) <0.001 

Physical activity       

Nil/sedentary 1.2 (1.1, 1.3) <0.001 1.2 (1.1, 1.3) 0.005 1.3 (1.1, 1.4) <0.001 

Low  1.1 (1.0, 1.2) 0.104 1.1 (1.0, 1.2) 0.145 1.1 (1.0, 1.2) 0.144 

Moderate [ref] — — — — — — 

High 1.1 (1.0, 1.2) 0.192 1.1 (1.0, 1.2) 0.137 1.1 (1.0, 1.2) 0.108 

Smoking status       

Non-smoker [ref] — — — — — — 

Ex-smoker 1.2 (1.1, 1.3) 0.001 1.2 (1.1, 1.3) <0.001 1.2 (1.1, 1.3) 0.001 

Current smoker 1.0 (0.9, 1.2) 0.501 1.0 (0.9, 1.2) 0.501 1.0 (0.9, 1.2) 0.494 

Age       

 1.09 (1.06, 1.12) <0.001 1.08 (1.05, 1.11) <0.001 1.07 (1.04, 1.11) <0.001 

Marital status       

Married/de facto [ref] — — — — — — 

Separated/divorced/widowed 1.0 (0.9, 1.1) 0.854 1.0 (0.9, 1.1) 0.717 1.0 (0.9, 1.2) 0.670 

Never married 1.6 (1.2, 2.0) <0.001 1.6 (1.2, 2.1) <0.001 1.5 (1.2, 2.0) 0.003 

Area of residence       

Urban [ref] — — — — — — 

Rural/remote 1.0 (0.9, 1.1) 0.611 1.0 (0.9, 1.1) 0.439 1.0 (1.0, 1.1) 0.374 

Educational attainment       

Tertiary/post graduate [ref] — — — — — — 



Trade/diploma 1.1 (1.0, 1.3) 0.144 1.1 (0.9, 1.2) 0.411 1.1 (0.9, 1.3) 0.259 

School/higher school certificate 1.0 (0.9, 1.2) 0.844 1.0 (0.9, 1.1) 0.957 1.0 (0.9, 1.2) 0.630 

No formal education 1.2 (1.0, 1.4) 0.014 1.2 (1.0, 1.4) 0.025 1.3 (1.1, 1.6) 0.003 

Occupation       

Highly skilled [ref] — — — — — — 

Skilled 1.0 (0.9, 1.2) 0.393 1.0 (0.9, 1.2) 0.459 1.0 (0.9, 1.2) 0.619 

Less skilled 1.1 (0.9, 1.3) 0.427 1.2 (1.0, 1.4) 0.047 1.2 (1.0, 1.5) 0.027 

No paid employment 1.4 (1.3, 1.6) <0.001 1.4 (1.2, 1.5) <0.001 1.4 (1.3, 1.6) <0.001 

Menopause status       

Pre/peri-menopause  0.9 (0.8, 1.0) 0.009 1.0 (0.9, 1.1) 0.464 1.0 (0.9, 1.1) 0.493 

Post-menopause [ref] — — — — — — 

Surgical menopause 1.4 (1.3, 1.5) <0.001 1.4 (1.3, 1.6) <0.001 1.4 (1.3, 1.6) <0.001 

HRT use       

No [ref] — — — — — — 

Yes 1.2 (1.1, 1.3) <0.001 1.3 (1.2, 1.4) <0.001 1.3 (1.2, 1.5) <0.001 
Note: time was entered as a within subjects variable and as a predictor 

  



Electronic Supplementary Material Table S3. Adjusted multinomial GEE models (with no stress as the reference category) for the impact of 
arthritis on perceived stress during the period 2001-2007, controlling for onset predictors, chronic conditions and health service use 

 GEE Model without a time lag GEE Model with a time lag 

 Minimal stress Moderate/high stress Minimal stress  Moderate/high stress 

 Odd Ratio 
(95%CI) 

P 
Value 

Odd Ratio 
(95%CI) 

P 
Value 

Odd Ratio 
(95%CI) 

P 
Value 

Odd Ratio 
(95%CI) 

P 
Value 

Arthritis         

No [ref] — — — — — — — — 

Yes 1.2 (1.1, 1.4) 0.008 1.2 (0.9, 1.6) 0.144 1.2 (1.0, 1.4) 0.024 1.2 (0.9, 1.5) 0.203 

Negative life events  experienced 
within the past 12 months 

        

Death of a family member/close friend         

No [ref] — — — — — — — — 

Yes  1.0 (0.8, 1.1) 0.681 0.9 (0.7, 1.2) 0.610 0.9 (0.8, 1.0) 0.119 0.7 (0.6, 1.0) 0.023 

Major illness of family member/close friend         

No [ref] — — — — — — — — 

Yes 2.4 (2.1, 2.8) <0.001 4.6 (3.7, 5.7) <0.001 1.5 (1.3, 1.8) <0.001 2.5 (2.0, 3.1) <0.001 

Interpersonal/relationship difficulties         

No [ref] — — — — — — — — 

Yes 3.2 (2.4, 4.3) <0.001 10.3 (7.0, 15.1) <0.001 1.7 (1.3, 2.1) <0.001 3.4 (2.5, 4.7) <0.001 



Financial strain         

No [ref] — — — — — — — — 

Yes 1.9 (1.6, 2.2) <0.001 3.7 (2.9, 4.9) <0.001 1.3 (1.1, 1.6) 0.001 1.9 (1.5, 2.5) <0.001 

Psychiatric diagnoses         

Depression         

No [ref] — — — — — — — — 

Yes 2.0 (1.4, 2.8) <0.001 4.1 (2.6, 6.6) <0.001 1.8 (1.3, 2.6) 0.001 3.0 (1.9, 4.7) <0.001 

Anxiety/nervous disorder         

No [ref] — — — — — — — — 

Yes 2.5 (1.7, 3.7) <0.001 5.3 (3.1, 9.2) <0.001 1.4 (1.0, 2.2) 0.085 2.4 (1.5, 4.1) 0.001 

Perceived social support         

All of the time [ref] — — — — — — — — 

Most of the time 1.6 (1.4, 1.8) <0.001 3.0 (2.4, 3.8) <0.001 1.5 (1.2, 1.7) <0.001 2.2 (1.7, 2.8) <0.001 

Some of the time 2.1 (1.7, 2.7) <0.001 6.2 (4.5, 8.5) <0.001 1.7 (1.4, 2.2) <0.001 3.0 (2.2, 4.2) <0.001 

None/little of the time 1.2 (0.9, 1.5) 0.175 4.2 (2.9, 6.1) <0.001 1.2 (0.9, 1.6) 0.259 2.7 (1.8, 4.3) <0.001 

Life approach         

LOT-R 0.94 (0.92, 0.95) <0.001 0.82 (0.80, 0.85) <0.001 0.94 (0.93, 0.96) <0.001 0.87 (0.85, 0.90) <0.001 

BMI         

Under weight 0.9 (0.5, 1.5) 0.603 0.9 (0.4, 2.0) 0.796 0.9 (0.4, 1.6) 0.635 1.0 (0.5, 2.0) 0.986 

Healthy weight [ref] — — — — — — — — 



Overweight 1.0 (0.9, 1.1) 0.982 1.1 (0.9, 1.4) 0.483 0.9 (0.8, 1.1) 0.274 1.0 (0.8, 1.2) 0.826 

Obese 1.0 (0.9, 1.2) 0.947 1.1 (0.9, 1.5) 0.364 1.2 (1.0, 1.5) 0.026 1.4 (1.0, 1.9) 0.031 

Physical activity         

Nil/sedentary 0.9 (0.7, 1.0) 0.105 0.9 (0.6, 1.2) 0.502 0.9 (0.7, 1.1) 0.196 1.0 (0.7, 1.4) 0.948 

Low  1.0 (0.9, 1.2) 0.833 1.0 (0.8, 1.3) 0.916 1.0 (0.9, 1.2) 0.791 1.0 (0.8, 1.4) 0.736 

Moderate [ref] — — — — — — — — 

High 0.8 (0.7, 0.9) 0.001 0.7 (0.5, 0.9) 0.016 0.9 (0.7, 1.0) 0.074 0.9 (0.7, 1.2) 0.342 

Smoking status         

Non-smoker [ref] — — — — — — — — 

Ex-smoker 1.2 (1.1, 1.4) 0.003 1.7 (1.3, 2.1) <0.001 1.3 (1.1, 1.5) 0.001 1.7 (1.3, 2.1) <0.001 

Current smoker 1.3 (1.1, 1.6) 0.014 1.9 (1.4, 2.7) <0.001 1.2 (1.0, 1.5) 0.102 1.9 (1.4, 2.6) <0.001 

Age         

 0.94 (0.91, 0.98) 0.005 0.86 (0.80, 0.93) <0.001 0.96 (0.93, 0.99) 0.011 0.84 (0.80, 0.89) <0.001 

Marital status         

Married/de facto [ref] — — — — — — — — 

Separated/divorced/widowed 1.0 (0.9, 1.3) 0.664 1.1 (0.8, 1.5) 0.586 1.0 (0.8, 1.3) 0.806 1.1 (0.8, 1.6) 0.395 

Never married 0.7 (0.5, 1.0) 0.069 0.6 (0.3, 1.1) 0.103 0.8 (0.5, 1.2) 0.264 0.8 (0.4, 1.6) 0.510 

Area of residence         

Urban [ref] — — — — — — — — 

Rural/remote 0.9 (0.8, 1.0) 0.096 0.7 (0.6, 0.9) 0.003 0.9 (0.8, 1.1) 0.295 0.7 (0.6, 0.9) 0.001 



Educational attainment         

Tertiary/post graduate [ref] — — — — — — — — 

Trade/diploma 0.6 (0.5, 0.7) <0.001 0.4 (0.3, 0.6) <0.001 0.7 (0.5, 0.8) 0.001 0.5 (0.3, 0.7) <0.001 

School/higher school certificate 0.5 (0.4, 0.6) <0.001 0.3 (0.2, 0.5) <0.001 0.6 (0.5, 0.7) <0.001 0.4 (0.3, 0.6) <0.001 

No formal education 0.4 (0.3, 0.5) <0.001 0.2 (0.1, 0.3) <0.001 0.5 (0.4, 0.6) <0.001 0.4 (0.2, 0.6) <0.001 

Occupation         

Highly skilled [ref] — — — — — — — — 

Skilled 0.9 (0.7, 1.0) 0.078 0.7 (0.6, 1.0) 0.039 0.9 (0.8, 1.1) 0.279 0.9 (0.7, 1.2) 0.395 

Less skilled 0.6 (0.5, 0.7) <0.001 0.3 (0.2, 0.5) <0.001 0.6 (0.5, 0.8) 0.001 0.6 (0.4, 0.9) 0.008 

No paid employment 0.6 (0.5, 0.7) <0.001 0.4 (0.3, 0.5) <0.001 0.7 (0.5, 0.8) <0.001 0.5 (0.4, 0.6) <0.001 

Menopause status         

Pre/peri-menopause  1.0 (0.9, 1.2) 0.992 1.0 (0.7, 1.3) 0.822 0.9 (0.8, 1.1) 0.442 1.0 (0.8, 1.3) 0.968 

Post-menopause [ref] — — — — — — — — 

Surgical menopause 0.9 (0.8, 1.1) 0.242 1.0 (0.8, 1.3) 0.837 0.9 (0.7, 1.0) 0.112 1.0 (0.7, 1.3) 0.782 

HRT use         

No [ref] — — — — — — — — 

Yes 1.1 (0.9, 1.2) 0.297 1.2 (0.9, 1.6) 0.128 1.1 (1.0, 1.3) 0.093 1.2 (1.0, 1.6) 0.105 

Chronic conditions         

Anaemia         

No [ref] — — — — — — — — 



Yes 1.3 (1.0, 1.6) 0.064 1.0 (0.6, 1.5) 0.830 1.2 (0.9, 1.6) 0.163 1.3 (0.8, 1.9) 0.285 

Osteoporosis         

No [ref] — — — — — — — — 

Yes 1.0 (0.7, 1.3) 0.887 1.0 (0.6, 1.7) 0.976 1.1 (0.8, 1.6) 0.540 1.7 (1.0, 2.7) 0.043 

Diabetes         

No [ref] — — — — — — — — 

Yes 0.7 (0.5, 1.0) 0.027 0.9 (0.5, 1.4) 0.576 0.6 (0.4, 0.9) 0.005 0.6 (0.3, 1.0) 0.067 

Cardiovascular disease         

No [ref] — — — — — — — — 

Yes 1.1 (0.9, 1.3) 0.205 1.0 (0.8, 1.3) 0.896 0.9 (0.8, 1.1) 0.545 0.9 (0.7, 1.2) 0.390 

Somatic symptoms         

Fatigue          

Never/rarely [ref] — — — — — — — — 

Sometimes/often 2.2 (1.9, 2.6) <0.001 4.9 (3.9, 6.1) <0.001 1.9 (1.6, 2.2) <0.001 3.4 (2.7, 4.2) <0.001 

Gastrointestinal problems         

Never/rarely [ref] — — — — — — — — 

Sometimes/often 1.5 (1.3, 1.7) <0.001 2.1 (1.7, 2.6) <0.001 1.4 (1.2, 1.6) <0.001 1.7 (1.4, 2.1) <0.001 

Headache/migraine         

Never/rarely [ref] — — — — — — — — 

Sometimes/often 1.3 (1.3, 1.7) <0.001 1.5 (1.2, 1.9) <0.001 1.3 (1.1, 1.5) 0.001 1.5 (1.2, 1.9) <0.001 



Health service consultations         

None [ref] — — — — — — — — 

Once or twice 1.2 (1.0, 1.4) 0.042 1.1 (0.7, 1.6) 0.687 1.2 (1.0, 1.5) 0.074 1.2 (0.8, 1.8) 0.372 

Three or four times 1.5 (1.2, 1.8) <0.001 1.5 (1.0, 2.3) 0.047 1.4 (1.1, 1.8) 0.002 1.7 (1.1, 2.6) 0.009 

Five or six times 1.9 (1.5, 2.4) <0.001 2.5 (1.6, 3.9) <0.001 1.6 (1.2, 2.1) <0.001 2.3 (1.5, 3.6) <0.001 

Seven or more times 2.6 (1.9, 3.5) <0.001 4.2 (2.5, 7.0) <0.001 1.9 (1.4, 2.7) <0.001 2.9 (1.7, 4.9) <0.001 

Note: time was entered as a within subjects variable and as a predictor 
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