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Abstract

Objectives—To determine if 1) Osteoarthritis (OA)-related pain is associated with the diurnal 

cortisol pattern and cortisol levels; 2) the diurnal pattern of cortisol varies with severity of OA pain 

and 3) the association between OA pain and cortisol is mediated by daily experience variables 

(DEV).

Design—In a community-based study of changes in regional and widespread pain among women 

with OA, participants (n=31) completed daily diaries and collected three saliva samples daily for 7 

days. Severity of OA-related pain was assessed by the validated Western Ontario and McMaster 

Universities Osteoarthritis Index (WOMAC) pain subscale. Multilevel regression analyses 

estimated associations between OA pain and diurnal cortisol levels and slopes, controlling for 

body mass index, medication use, time and day. Mediation analyses examined DEV as potential 

mediators of the association between OA pain and cortisol.

Results—The mean age was 57 years and average BMI 31kg/m2. Mean WOMAC pain subscale 

score was 8.8. Women with higher WOMAC pain scores had higher cortisol throughout the day. 

The estimated association of WOMAC with cortisol [ß 0.083(0.02, 0.15) p =0.009] represents a ~ 
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9% increase in cortisol for every unit increase in WOMAC pain score. Women with WOMAC pain 

scores ≥ 9 had higher cortisol levels than those with scores <9. Examination of DEV revealed no 

significant mediated associations between these relationships at the daily level.

Conclusion—In women with OA, disease-related pain is positively associated with cortisol 

production, particularly with greater pain severity. Future studies should explore biologic 

mediating variables between OA pain and cortisol.
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Introduction

The link between pain (acute or chronic), function of the hypothalamic–pituitary–adrenal 

(HPA) axis and the subsequent effect on cortisol levels has been well-documented in the 

literature1. Cortisol has important regulatory functions including glucose production, 

maintenance of the central nervous system, and anti-inflammatory properties that limit the 

spread of pain1. Cortisol release follows a diurnal pattern, with peak levels after waking and 

a steady decline occurring throughout the rest of the day2. The HPA axis is the physiological 

response of the body to stress with its end role being the release of cortisol from the adrenal 

glands, the result of a cascade of reactions after the HPA axis is triggered2. Pain is a 

potential stressor and therefore activator of the HPA axis. Depending on the level of threat 

that an individual associates with the perception of pain, the physiological response may be 

exaggerated, resulting in cortisol dysfunction3,4.

Studies of cortisol in people with chronic pain have occurred in a variety of musculoskeletal 

conditions such as rheumatoid arthritis, low back pain and whiplash5–7. In contrast few have 

examined the association of pain and cortisol in people with osteoarthritis (OA). Besides 

pain, cortisol dysfunction and OA share several common factors including links with 

obesity, metabolic syndrome and inflammation8,9. The experience of pain in OA is known to 

be intermittent and chronic with the former potentially overlaying the latter10. A 

consequence of intermittent pain flares is hypercortisolism that may lead to obesity, a 

common comorbidity of OA11. In a study of the association of cortisol with acute, chronic 

(radicular or degenerative low back pain) or intermittent pain (headache), Strittmatter et al12 

compared serum cortisol levels to healthy controls sampled at 4 separate time points in 24 

hours. Results showed that those with intermittent pain had the greatest changes in cortisol 

levels throughout the day12.

To our knowledge, there has been only one study examining the association between pain 

and cortisol in people with diagnosed OA. In a study of men with chronic OA pain (defined 

as OA lasting more than 3 mos and disease process confirmed by Kellgren and Lawrence 

radiographs) and the association with neuroendocrine function, Khoromi et al13 reported no 

difference in mean cortisol levels in both blood and urine compared to healthy controls. Sex 

differences are known to exist in the response of the HPA axis14,15 and in regards to pain, 

this may be due to differences in sex hormones or psychosocial factors16,17. However, the 

association of pain and cortisol in women with OA has not been studied.
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Pain mechanisms in OA are currently not well understood and a challenge exists in trying to 

unravel the discordance found between structural findings typical of the disease and patient 

reported pain18. Given the common factors shared by cortisol dysfunction and OA, along 

with the greater frequency of the disease in women and concomitant severity of pain19, it is 

important to understand the role that the HPA axis and cortisol dysfunction may have in the 

pain experience of women with OA. The purpose of this study was to determine 1) if OA-

related pain is associated with the diurnal cortisol pattern and cortisol levels; 2) if the diurnal 

pattern of cortisol varies with severity of OA pain and 3) if the association between OA pain 

and cortisol is mediated by daily variations in pain, fatigue, pain catastrophizing, stress and 

affect. We hypothesized that there would be a significant association of WOMAC pain with 

cortisol levels. We further hypothesized that cortisol levels may drop in response to greater 

pain and that this association may be mediated by any of the daily experience variables.

Methods

Sample

This is a secondary analysis of data from a community-based study of changes in regional 

and widespread pain among women with chronic pain in Arizona, USA. The sample was 

recruited between May 2002 and March 2004 through physician referral, ads in the local 

newspaper, and posted fliers. Potential participants were screened by telephone to determine 

eligibility. Eligibility requirements for this analysis included: 1) female; 2) physician-

confirmed diagnosis of osteoarthritis of the hip, knee or spine; and 3) onset of symptoms 

within the last 5 years or a current pain rating of ≥40 on a 0 to 100 scale in the past month. 

Exclusion criteria were: 1) autoimmune or other comorbid disorders causing widespread 

pain, inflammation, and fatigue (e.g., fibromyalgia, ankylosing spondylitis;) 2) pending 

litigation regarding the pain condition; and 3) use of daily corticosteroids. The study was 

approved by the Institutional Review Board at Arizona State University. Participants 

provided written informed consent for all study activities after completion of the initial 

eligibility screening and before their physicians were contacted for diagnosis confirmation. 

The current analysis includes data from 31women with OA who were enrolled in the larger 

study (final n = 257).

Procedures

There were four components to the larger study of women with chronic pain: a daily diary 

field assessment of symptoms, mood, and cortisol; an in-home assessment of physical and 

mental health symptoms; laboratory tests of stress reactivity under controlled conditions; 

and follow-up of illness course after 2 years. Only data from the field and home assessments 

are used in the current analysis. After initial screening, participants were provided with a 

laptop computer for completion of daily diary reports before bedtime each evening for up to 

7 consecutive days. Reports were time-stamped to verify completion and allowed only one 

report to be completed per day. Diary questionnaires included measures of pain, pain 

catastrophizing, fatigue, positive and negative affect, and stress. Over the same period, 

participants also collected saliva samples three times a day (at 10 AM, 4 PM, and 8 PM), 

using cotton salivettes (Sarstedt, Newton, North Carolina). To assess compliance, 

participants were given a 200-mL bottle with a cap that registered all opening times (MEMS 
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TrackCap, Aardex Ltd., Sion and Zug, Switzerland). Participants were instructed that the 

bottle was to be opened only at the scheduled collection times and to remove only one swab 

each time. A digital alarm was set to the scheduled times to serve as a reminder. Participants 

returned saturated swabs to the salivette tubes, recorded the actual collection time on the 

tube, and at the end of each day, stored the new samples in their home freezer. In-home 

clinical assessments were conducted between 1 day and 27 days (mean, 7.0 days) after 

completion of the daily diaries and saliva collection. At this time, participants also 

completed questionnaires regarding experiences of OA-related pain. The frozen saliva 

samples were then taken to the laboratory and stored at −20°C until analysis.

Measures

Salivary cortisol—An in-house radioimmunoassay (Department of Reproductive 

Physiology, University of Liege) was performed in duplicate on 50 μL of saliva, with 

salivary free cortisol in competition with a high-performance liquid chromatography 

preparation of cortisol-3CMO coupled with 2-125 iodohistamine as tracer for specific 

antibodies raised against cortisol-3CMO-BSA20. The lower detection limit of the assay was 

0.2 nmol/L. The intra- and interassay coefficients of variation were <5% and <12%, 

respectively. All samples from an individual were analyzed in the same assay to reduce 

sources of variability. Two cortisol measures had values above the physiological range 

(>1585 ng/dL)2 and were excluded from the statistical analysis. Over the 7 days, participants 

collected a median of 18 valid saliva samples (range, 12–21) with an overall sample of 570 

cortisol measures.

Disease-related pain—Severity of OA-related pain was assessed by the valid and reliable 

Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain 

subscale21. The subscale is comprised of 5 items, scaled from 0 (none) to 4 (extreme). 

Higher scores indicate greater pain with scores ranging from 0–2021.

Daily experience variables—At the end of each day, participants rated their pain, pain 

catastrophizing, affect, stress, and fatigue. Mean scores for each measure were calculated 

across the 7 days for each participant. Pain was assessed with the question, “What number 

describes your average level of arthritis pain today?”. Responses ranges were from 0 (no 

pain) to 100 (pain as bad as it can be). Pain catastrophizing was assessed using two items 

from the Coping Strategies Questionnaire22. Ratings were on a Likert scale of 1 (strongly 

disagree) to 5 (strongly agree). Daily catastrophizing scores were computed by averaging the 

two items. Cronbach’s α=0.90 for values averaged across the 7 days. Positive affect and 

negative affect were assessed using the Positive and Negative Affect Schedule- ratings of 20 

affect terms on 5-point scales (1 - very slightly or not at all to 5 - extremely)23. The items, 

averaged across 7 days for each person, yielded a Cronbach’s α coefficient of 0.98 for 

positive affect and 0.92 for negative affect. Interpersonal stress was obtained by averaging 

daily responses on the four items “Overall, how stressful were your relations with your 

(friends, spouse/partner, family, and co-workers,) today?” for each rated on a 4-point scale 

(1 -not at all to 4 - extremely). Fatigue was assessed with the item “What number best 

describes your average level of fatigue today?,” with response ranges from 0 (none) to 100 

(fatigue as bad as it can be).
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Demographics and medication use—Demographic variables collected included age in 

years, sex, marital status and level of education. Body mass index (BMI) was calculated 

from self-reported height and weight. Participants also provided information on medication 

use.

Statistical analyses

Cortisol values were natural-log transformed to correct positive skew in their distribution. 

Descriptive statistics were examined for each variable. Multilevel models, which take into 

account the hierarchical clustering of the data24 were used. The model used to estimate 

effects on cortisol had three levels: data were collected three times a day (measurement 

level); for 7 consecutive days (day level); clustered within participants (person level). 

However, the three-level models failed to converge; consequently, the final models did not 

estimate models separately at the daily level but included day number as a covariate. We 

used maximum likelihood estimation to test fixed effects, but allowed for random intercepts 

in the model. To test for potential person level confounders, bivariable multilevel models 

were built for each of the independent variables (age, BMI, education, marital status, 

income, exogenous hormones, and medication class (analgesics, nonsteroidal anti-

inflammatory drugs, COX-2 inhibitors, antidepressants, anxiolytics, hypnotic sedatives, 

synthetic thyroid hormones, topical corticosteroids, inhaled steroids, antihypertensives, 

anticonvulsants)) and the dependent variable of cortisol level. Those reaching a p-value of < 

0.20 were retained for the multivariable model. In addition, the final decision to exclude 

variables with p>0.20 considered whether they were important confounders, in the causal 

pathway or colliders. To assess the diurnal pattern of cortisol, a model with an interaction 

term of time × WOMAC pain subscale score was fitted as a function of time. Next the 

association of cortisol levels with WOMAC pain subscale was assessed without the 

interaction term. To assess the association of severity of OA pain with cortisol, in the 

absence of any known cut-point for severity of the WOMAC pain subscale that is applicable 

to a general OA population, a Student’s t-test using the median split (=9) of WOMAC pain 

subscale scores was used. For our third objective, mediation analyses were conducted using 

the product of the co-efficients approach, which calculates the statistical significance of the 

product of the paths from the predictor to the mediator (the a path) and from the mediator to 

the outcome (the b path)25. Estimation of mediated effects using the ab product coefficient is 

preferable to the calculation of the difference of effects of the direct and indirect paths (c′ − 

c) due to concerns about the requirement of normality in the multivariate distributions of the 

direct and indirect effects26. Significance of the mediated effect was calculated at an alpha 

level of 0.05. We employ the term mediation to refer to the statistical analysis, but cannot 

infer causality from the observed associations. Analyses were conducted using the Statistical 

Package for the Social Sciences (SPSS, v.22 IBM, Chicago Ill.) and Mplus, v.6.12 (Muthen 

& Muthen, CA), using the TYPE = COMPLEX command which allows for estimation of 

lower-level effects while accounting for clustering effects.

Ethics—The procedures followed were in accordance with the ethical standards of the 

responsible committee on human experimentation (Arizona State Institutional Review 

Board, Tempe, Arizona) and with the Helsinki Declaration of 1975, as revised in 2000. All 

subjects gave informed consent to participate in this research.
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Results

The mean age was 57 years (range 38–72) and average BMI 31kg/m2 (standard deviation 

(sd) 9.9). The average length of OA diagnosis in years was 4.4 (sd 3.2). The WOMAC pain 

subscale mean was 8.8 (sd 3.2), see table 1.

Bivariable assocation of cortisol levels and potential confounders

Of the independent variables tested, only BMI, use of anticonvulsants and inhaled steroids 

had p <0.20 and were therefore retained in all subsequent multilevel analyses.

Association of Diurnal Cortisol Pattern, cortisol levels and WOMAC pain subscale

There was a significant decline in cortisol levels as the day progressed (Unstandardized ß = 

−0.608, p < .001) indicating a 47% decline throughout the day. A nonsignificant time × 

WOMAC interaction indicated that WOMAC pain scores did not alter the trajectory of 

cortisol levels throughout the day [Unstandardized ß 0.009 (−0.04, 0.06) p=0.724]. However, 

analyses revealed that there was a significant association of WOMAC pain subscale scores 

with average daily cortisol levels [Unstandardized ß 0.083(0.02, 0.15) p =0.009] (see table 

2) representing an 8.7% increase in cortisol per one-unit increase in WOMAC pain score.

Association of severity of WOMAC pain scores and diurnal pattern

The median value of WOMAC pain subscale scores (=9) was used to determine if the 

diurnal pattern of cortisol varied with OA pain severity. Analyses revealed an overall 

significant difference in women with WOMAC pain scores ≥ 9 compared to those lower than 

9 [back-transformed mean (95%CI) 66.7 ng/dl (59.5, 74.1) versus 46.0 ng/dl (40.9, 51.7) 

p<0.001 respectively]. See Figure 1. It is unknown whether the difference in these values is 

biologically significant.

Mediation of OA pain and cortisol by daily experience variables

Individual multilevel mediation models were built for each of the daily experience variables, 

pain, pain catastrophizing, affect, stress, and fatigue. As summarized in table 3, results 

indicated none of the daily experience variables significantly mediated the association 

between WOMAC pain scores and cortisol levels.

Discussion

Our results indicate that in women with OA, disease-related pain is positively associated 

with greater mean levels of cortisol production at each time point of cortisol sampling, and 

that cortisol levels increase when pain severity is greater. However, OA-related pain was not 

found to predict significantly different trajectories of cortisol levels throughout the day. 

These results demonstrate that women with OA, having greater pain severity, may 

demonstrate altered tonic HPA axis function. To our knowledge, there are no other studies of 

women with OA examining the association of disease-related pain and cortisol. In a review 

of disparities between the sexes in cortisol responses to pain-related stress, differences were 

reported to be variable14. However, a more recent study of differences in diurnal cortisol 

patterns between the sexes in people with chronic pain, found that men had lower 
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concentrations in the afternoon27. In a previous study of chronic pain in men with OA13 no 

differences were found between those with OA and healthy controls and pain severity was 

not accounted for. Other differences include the fact that cortisol measurements were taken 

for a 24-hr period, and a smaller sample (n=16) was used. Given the small number of studies 

examining the association of OA pain and cortisol and the greater profile of women with the 

disease, future work is warranted to clarify if differences between the sexes exist in this 

population.

We were surprised by the absence of mediated associations of the various daily experience 

variables we investigated particularly given the literature reporting the association of these 

factors with pain and with OA. This is particularly true for pain catastrophizing and negative 

affect28,29, the latter encompassing fear or anxiety, sadness or depression, guilt, and 

hostility30. Pain catastrophizing, depression and fatigue all have reported associations with 

OA pain and function31,32 but their actual physiological effects on cortisol in this population 

have been undetermined. Although not specifically measured in this analysis, depression is 

known to elevate cortisol levels in people with chronic pain,33 however a previous study in 

people with chronic musculoskeletal pain syndromes reported that depression did not 

mediate the association between pain and cortisol levels34. However, laboratory studies have 

demonstrated significant associations between pain catastrophizing and altered morning 

cortisol levels in people with chronic temporomandibular disorder35 and in people with 

chronic low back pain, higher stress reactivity was associated with reduced connectivity in 

parts of the brain known to process pain and these parts in turn mediated the association 

between cortisol levels and pain36. The lack of association found in our mediation analyses 

calls into question models that focus particularly on the negative affective consequences of 

pain as one of the mechanisms of the connection between pain and ill health, particularly in 

the OA population. It is possible that the lack of significant mediated associations is 

explainable as a function of the measurement of disease-related pain, as the WOMAC scores 

were measured only once rather than on a daily basis or multiple times per day.

An important aspect of OA pain is its intermittent nature that can occur mutually with 

chronic pain typical of the disease process10. Although we did not measure intermittent pain 

directly, it may be argued that the measurement of average daily pain at the same time as the 

salivary samples may account for it since multiple pain measures per day are highly 

correlated with average end of day pain ratings37. Strittmatter12 reported that in people with 

chronic (low back) or intermittent (headache) pain, compared to healthy controls, significant 

differences were found in cortisol levels using a cut score of 30 on the McGill pain 

questionnaire; however this association was only found in the sample taken at 10:00 p.m. 

and not at any other time (8:00 a.m., 12:00 p.m or 4:00 p.m.). Our sample was chronic in 

nature, having an average disease duration of more than 4 years. Our findings are in 

opposition to Strittmatter reporting differences at 10:00 a.m. and 4:00 p.m. but not the later 

time of 8:00 p.m. We are unable to explain what may account for these contrary findings but 

propose that differences in the association of pain and cortisol may exist between people 

with OA compared to those with low back or headache pain. Specifically OA is known to be 

a disease of low-grade inflammation with frequently observed metabolic changes9 and there 

are reports of the association of metabolic syndrome with increased OA pain38.
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Courties et al39 has suggested that the HPA axis may play a critical role in the development 

of OA pain and the subsequent vicious cycle that develops between obesity, pain and 

disability. Cortisol has a role in regulating glucose stores, which when present in excess 

amounts, has detrimental effects on cartilage and leads to further inflammation9, thus HPA 

dysfunction may hasten the progress of OA. Cortisol also helps to suppress pro-

inflammatory cytokines, such as IL-1β, Il-6, IL-17 and TNFα, known to be mediators of 

pain in OA by directly acting on the nociceptive system40. Given the lack of mediation by 

the daily experience variables analyzed, there is an opportunity for future studies to examine 

alternate explanatory variables, such as pro-inflammatory cytokines or glucose in 

determining the pathway between OA pain and cortisol. Further, there are reports of the 

association of psychological factors with inflammatory cytokines41,42 and their co-

occurrence could be another avenue for exploration in determining OA-related pain.

There are several strengths to this study to consider. First, as OA pain is complex, more 

pronounced and more prevalent in women and women appear to have a different experience 

of pain compared to men, these initial results could help inform our understanding of the 

complexity of pain mechanisms in women with OA. Daily diaries and collection of multiple 

salivary cortisol samples for 1 week has provided robust data compared to commonly seen 

24-hour periods. Use of multilevel modeling accounts for within and between individual 

variability in cortisol measures avoiding the use of aggregate means that are less 

informative. The timing of cortisol samples and daily diary reports were verified 

electronically thereby increasing our confidence in the validity and reliability of the data.

There are also several limitations to note. Foremost, there was no healthy control group for 

comparison, making it difficult to know the extent to which these results differ from the 

norm, nonetheless, the significant difference between groups using a WOMAC pain subscale 

cut score of 9 is informative. However, it should be noted that this was the median value 

from this small sample as there is no known cut point for WOMAC pain severity applicable 

to a general OA population and hence it may not be generalizable. Previous studies have 

shown women with OA to have similar pain ratings and cortisol levels to women with 

rheumatoid arthritis,7 however the literature in people with RA indicates that cortisol levels 

are variable in response to psychophysical stressors43. The cortisol awakening response was 

not assessed to limit participant burden and study expenses. It has been suggested that 

samples taken upon waking are a preferred estimate to anchor the diurnal pattern44. There 

were design issues regarding the measurement of pain that we were unable to address. The 

timing of the WOMAC pain measurement was taken within an average of 7 days after daily 

diary and cortisol measurements were completed and may be an issue. However, the disease 

process was clearly pre-existing and it is known that symptoms of OA are slow to progress, 

remaining fairly consistent for years45. Further, we accounted for the daily pain experience 

and the absence of mediation by daily pain indicates that it was not significantly associated 

with our outcome. While the sample size of cortisol measures was sufficient (570), it did 

utilize 31 sets of mean scores. Finally, there is evidence that variation in cortisol responses 

may exist in different ethnic groups. Although the larger study enrolled people of many 

ethnicities, our subsample was comprised of only Caucasians and this may affect the 

generalizability of our results.
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In summary, we have provided preliminary results exploring the possible association of OA 

pain in women with cortisol levels and the diurnal pattern. A modest significant association 

of cortisol found in women with greater pain provides grounds for future exploration. 

Replication of these findings and comparison with healthy controls and between the sexes in 

a larger study with closer concordance between measurements is suggested. The absence of 

association of daily experience variables in the pathway between pain and cortisol warrants 

the exploration of other factors, including the potential roles of pro-inflammatory cytokines 

and glucose levels as they are both impacted by cortisol levels and related to the disease 

process in OA.
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Figure 1. 
Diurnal Cortisol as a Function of WOMAC pain scores.
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Table 1

Sample characteristics n=31

Variable Mean (sd)

Age in years 56.9 (9.3)

BMI 31.2 (9.9)

Duration of OA diagnosis in years 4.4 (3.2)

WOMAC pain subscale score (0–20) 8.8 (3.1)

Daily diary reports

 Pain (1–100) 50.9 (20.5)

 Stress (1–4) 1.3 (0.5)

 Fatigue (0–100) 43.0 (26.5)

 Pain catastrophizing (1–5) 1.9 (0.9)

 Negative affect (1–5) 1.4 (0.6)

 Positive affect (1–5) 2.7 (1.1)

N (%)

Marital status – cohabitation 15 (48.4)

Post secondary education or higher 25 (80.6)

Income > 40,000 14 (46.7)

Medications

 NSAIDS 10 (32.3)

 Cox 2 4 (12.9)

 Anxiolytics 4 (12.9)

 Antidepressants 10 (32.3)

 Analgesics 9 (29.0)

 Anticonvulsants 3 (9.7)

 Blood pressure 7 (22.6)

 Thyroid 7 (22.6)

 Hormones 17 (54.8)

 Hypnotics 4 (12.9)

 Steroids 3 (9.7)
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Table 2

Multilevel model of WOMAC pain on Cortisol

Variable Unstandardized ß Co-efficient P value Interpretation* (Raw Cortisol Levels)

Day −0.001 (−0.06, 0.06) 0.971 NS

Time −0.608 (−0.76, −0.46) <0.001 46% decrease throughout the day

WOMAC 0.083 (0.02, 0.15) 0.009 8.7% increase/unit WOMAC

BMI 0.012 (−0.01, 0.04) 0.361 NS

Anticonvulsants 0.824 (0.62, 1.10) <0.001 127% increase if used

Steroids −0.260 (−0.14, 0.70) 0.197 NS

*
% change in raw cortisol per unit change in predictor [exp (ß)] - 1.
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Table 3

Multilevel regression estimates of the effects of average daily experience variables on cortisol level in relation 

to WOMAC pain scores

Variable Unstandardized ß Co-efficient P value

Pain
WOMAC pain

0.004
0.080

0.177
0.016

Stress
WOMAC pain

−0.067
0.084

0.515
0.009

Fatigue
WOMAC pain

0.002
0.081

0.397
0.015

Pain catastrophizing
WOMAC pain

0.090
0.079

0.328
0.011

Negative mood
WOMAC pain

−0.009
0.083

0.939
0.010

Positive mood
WOMAC pain

−0.036
0.085

0.662
0.009
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