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Abstract

Objective: The relationship between psychosocial stress and chronic pain is bidirectional. An improved understanding

regarding the relationships among chronic pain, life stress, and ethnicity/race will inform identification of factors contributing

to health disparities in chronic pain and improve health outcomes. This study aims to assess relationships between measures

of clinical pain, life stress, sociodemographics, and salivary cortisol levels.

Methods: A cross-sectional analysis involving data from 105 non-Hispanic White (NHW) and non-Hispanic Black (NHB)

participants aged 45–85 years old with or at risk for knee osteoarthritis. Data included sociodemographics, clinical pain,

psychosocial stress, and salivary cortisol across five time points over an approximate 12-hour period. Non-parametric

correlation analysis, sociodemographic group comparisons, and regression analyses were performed.

Results: Clinical pain and psychosocial stress were associated with salivary cortisol levels, particularly morning waking and

the evening to morning awakening slope. With the inclusion of recognized explanatory variables, the Graded Chronic Pain

Scale characteristic pain intensity and financial satisfaction were identified as the primary pain and psychosocial measures

associated with cortisol levels. Sociodemographic group differences were indicated such that NHB participants reported

higher pain-related disability, higher levels of discrimination, lower financial and material satisfaction, and showed higher

evening salivary cortisol levels compared to NHW participants. In combined pain and psychosocial stress analyses, greater

financial satisfaction, lower pain intensity, and lower depression were associated with higher morning waking saliva cortisol

levels while greater financial satisfaction was the only variable associated with greater evening to morning awakening slope.

Conclusion: Our findings show relationships among clinical pain, psychosocial stress, sociodemographic factors, and sal-

ivary cortisol levels. Importantly, with inclusion of recognized explanatory variables, financial satisfaction remained the

primary factor accounting for differences in morning waking cortisol and evening to morning awakening cortisol slope in

an ethnic/racially diverse group of middle aged and older adults with or at risk for knee osteoarthritis.
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Introduction

The relationship between chronic pain and psychosocial
stress is bidirectional. Individuals who experience
adverse life events are at greater risk for the development
of chronic musculoskeletal pain.1,2 Living with chronic
pain is associated with increased psychosocial stress.3–5

Persistent physiological and psychosocial stress drive
functional and structural remodeling of biologic process-
es.3 Importantly, perception and behavioral responses
can modify or exacerbate the experiences associated
with various challenging life events. For example,
higher levels of perceived stress are associated with
greater reports of pain intensity in older adults.6,7 In
contrast, active coping and other protective factors
such as trait optimism are associated with lower levels
of clinical pain.8,9

Cortisol is one of the many “instruments” in a broad
and diverse biological “orchestra” involved in stress
system functioning. A corticosteroid hormone produced
in the cortex of the adrenal glands, cortisol regulates the
stress response, metabolism, and immune system func-
tioning.10 Cortisol levels vary diurnally, increasing upon
waking and gradually declining across the day.11–13

Additionally, cortisol is released in response to physio-
logical or psychological arousal. Short term stress or the
anticipation of stress stimulates a spike in cortisol
levels.12,14,15 Initially, chronic stress may intensify corti-
sol secretion, which leads to higher morning corti-
sol.12,15–17 However, prolonged chronic stress results in
a dysregulation or dampening of the morning waking
response.15,18,19 Additionally, cortisol diurnal slopes
are flatter with increased and persisting chronic psycho-
social stress, which has also been correlated with poorer
health outcomes.15,20,21 The dysregulation of cortisol
functioning can contribute to widespread inflammation
and pain.11,22

Ethnic/race minority groups are at a higher risk for
experiencing environmental stressors such as economic
hardships, discrimination, and limited access to health-
care and health promoting experiences, which can con-
tribute to increased vulnerabilities for poor health
outcomes.23–27 It has been shown that non-Hispanic
Black (NHB) individuals report greater discrimination,
have higher perceived stress, and report higher rates of
osteoarthritis-related pain than non-Hispanic White
(NHW) individuals.28–30 Research has also shown
NHB individuals demonstrate lower waking cortisol
levels, slower afternoon decline in cortisol, and flatter
diurnal cortisol slopes compared to their NHW
peers.13,15,19,20,31,32 Additionally, experiences of early
life discrimination during adolescence not only affects
cortisol during the adolescent period but also predict a
flatter diurnal cortisol slope in NHB compared to NHW
adults.33 Less is known regarding the similarities and

differences by ethnic/race groups in chronic pain,

stress-related life experiences, and stress system function-

ing. As self-reported ethnicity/race is a surrogate mea-

sure for a complex array of cultural, socioeconomic, and

environmental factors, it is considered a sociodemo-

graphic variable in the current study.
The purpose of this study is to: 1) examine the rela-

tionship between clinical pain, prior/current psychoso-

cial stress, and salivary cortisol levels; 2) evaluate

possible sociodemographic group differences in meas-

ures of clinical pain, psychosocial stress, and salivary

cortisol levels; and 3) investigate the combined contribu-

tions of prior/current psychosocial stress, pain, and soci-

odemographic variables to salivary cortisol levels. We

hypothesized that: 1) prior/current psychosocial stress

will be positively associated with clinical pain and sali-

vary cortisol levels; 2) sociodemographic group differ-

ences will be demonstrated with greater clinical pain,

psychosocial stress, and cortisol dysregulation in NHB

compared to NHW participants as indicated by higher

evening cortisol levels, lower morning waking cortisol,

and flatter cortisol slopes; and 3) combined factors of

pain, psychosocial stress, and sociodemographic varia-

bles will predict lower morning waking salivary cortisol

levels and flatter evening to morning awakening slope.

Methods

Participants

Adults between 45 and 85 years of age with and without

knee pain who self-identified as either NHB or NHW

were recruited and enrolled to the Understanding Pain

and Limitations in Osteoarthritic Disease (UPLOAD)

study at the University of Florida between 2010 and

2014. Participants were recruited from the general com-

munity via fliers, newspaper and radio ads and word of

mouth. Inclusion criteria for those with knee pain was

based on a knee osteoarthritis screening instrument.34

Individuals were excluded from the study if they were

taking opioids on a daily basis. Additional information

on the UPLOAD study including inclusion and exclu-

sion criteria have been previous published.35,36

Participants who completed the UPLOAD protocol

were eligible to participate in the prospective study,

UPLOAD Follow-Up targeted within a 24 to 48-

month timeframe from the baseline study. Study visits

were conducted between 2013 and 2017. Participants

with salivary cortisol measures who completed a visit

within the 24 to 48-month timeframe were included in

the analysis. The UPLOAD study was approved by the

University of Florida Institution Review Board

(IRB201500906). All participants provided verbal and

written informed consent.
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Procedures

The current investigation is a cross-sectional analysis of
the UPLOAD Follow-Up Study. The procedures
described are limited to the current investigation. We
used the STROBE cross-sectional checklist when writing
our report.37 Individuals participated in two study ses-
sions. The first session was a health assessment update in
which participants completed questionnaires specific to
sociodemographics, health status, pain history, and life
stress. The second session involved quantitative sensory
testing (QST). Salivary cortisol samples were collected
the night preceding, the morning of, and during the
second study session. Questionnaires and cortisol collec-
tion procedures were reviewed with participants to help
reduce collection errors and missing information.

Measures

Sociodemographic and Health Status

Baseline Characteristics and Health Status. Sociodemographic
characteristics included age, sex, self-reported ethnicity/
race, highest education completed, and income range.
Participants completed a health assessment and health
history questionnaire assessing current comorbidities
including high blood pressure, heart disease, cancer, dia-
betes, asthma/breathing problems, kidney disease, thy-
roid problem, stroke, seizure, chronic pain, neurological
disorder, depression, and other health conditions. Waist
and hip measurements were also collected.

Clinical Pain Measures

Graded Chronic Pain Scale (GCPS).38 The GCPS was
used to assess the severity of knee pain and its impact on
activities. The measure is scored using two sub-scales,
characteristic pain intensity (CPI) (0 to 100 score) and
disability score (0 to 100 score) over a 6-month period.
The higher the score, the higher the pain intensity and
greater physical disability.

Total Pain Sites. Participants were asked to select
pain sites from a preselected list if they had pain “more
days than not over the past three months.” Bilateral body
sites included hands, arms, shoulders, neck, head/face,
chest, stomach, upper back, lower back, knees, legs
(other than knees), or feet/ankles (0–24 sites).

Chronic Pain Burden Index. Participants reporting
pain for more than six months “on more days than
not” were provided with the below description and
then asked to circle a percent that represents how
much their life is affected by chronic pain from 0–
100% with higher numbers indicating greater chronic
pain burden. “Chronic pain can be experienced in many
areas (physical functioning, employment, relationships) of
a person’s life. Imagine the figure below as representing

your life. How much of your daily life is influenced by

chronic pain? Please circle the % that represents how

much of your life is affected by chronic pain.”

Psychosocial Stress Measures

Experiences of Discrimination (EOD).39 The EOD is a

reliable and valid measure of incidences of discrimina-

tion over the individual’s lifetime. Participants were

asked about the frequency of each event, how much

did they worry about each event, the reason certain

events occurred, and how they responded to certain sit-

uations. The responses have assigned values being 0 to

“never”, 1 to “once”, 2.5 to “2 to 3 times” and 5 to “4 or

more times.” These values are summed with higher

scores signifying more experiences of discrimination.
The Schedule of Recent Experiences (SRE).40 The

SRE is a 43-item instrument that evaluates whether

you have experienced specific life events such as the

death of a spouse, divorce, or loss of employment over

the past two years. Each event is weighted and summed

for a total score 0 to 1466. Scores higher than 300 indi-

cate high stress.
The Perceived Stress Scale (PSS).41 The PSS consists

of 10 items that assesses self-reported perception of

stress over the last month. Scores range from 0 to 40

(0 to 13 low stress, 14 to 26 moderate stress, 27 to 40

high stress) with higher scores indicating higher per-

ceived stress.
Financial and Material Satisfaction. Current level of

satisfaction with financial situation and material (living)

standards was assessed by two questions on a self-report

questionnaire:

- “Overall, how satisfied are you with your current

financial situation?”
- “Overall, how satisfied are you with the material

(living) standards of your life?”

Responses ranged from 0 – Totally dissatisfied to 10 -

Totally satisfied.

Sleep Measure

The Pittsburgh Sleep Quality Index (PSQI).42 The PSQI

measures sleep quality and patterns across seven

domains: subjective sleep quality, sleep latency, sleep

duration, habitual sleep efficacy, sleep disturbances,

sleep medication usage, and daytime dysfunction over

the previous month. Scores range from 0 to 21 with a

higher score indicating worse quality sleep.

Depressive Symptoms Measure

Center for Epidemiologic Studies Depression Scale (CES-

D).43 The CES-D measures depressive symptoms within
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the past week. Scores range from 0 to 60 with higher
scores indicating more depressive symptoms.

Biological Functioning Measure

Salivary Cortisol. Participants were instructed during the
first session how to collect saliva samples prior to their
second session (the QST visit). Saliva samples were col-
lected in salivettes (Sarstedt, Inc.) at five separate time
points: T1) in the evening after 9 pm or prior to going to
bed, T2) immediately upon waking prior to getting out
of bed, T3) 45minutes after waking in the morning, T4)
in the laboratory prior to QST testing between 8:30 and
10:30 AM, and T5) immediately following QST testing.
In order to standardize testing, all the visits were sched-
uled between 8:00 and 10:00 am. Participants were asked
to refrain from brushing their teeth or drinking anything
for 30minutes and to refrain from eating or exercise one
hour prior to collecting samples. Participants were
instructed to place the swab directly in their mouth for
approximately one minute and return to the container
without touching. Collection time was documented and
samples collected at home were stored at room temper-
ature until returned to the lab. Salivary cortisol samples
were spun down and transferred into 1 aliquot per tube,
and frozen at �80�C until analysis. De-identified sali-
vary cortisol was processed and analyzed at the
University of Alabama at Birmingham Diabetes
Research Center Human Physiology Core Laboratory
(Dr. Barbara Gower) in duplicate using the Salimetrics
(State College, PA) Salivary Cortisol EIA kit according
to the manufacturer’s instructions.

Statistical Analysis

Sociodemographic characteristics by ethnic/race group
differences were assessed using v2 for dichotomous var-
iables and Mann-Whitney U test for ordinal and contin-
uous variables. Mann-Whitney U test was completed for
all clinical pain, psychosocial stress, sleep and depression
measures. For primary outcome variables, evening to
morning awakening slope was treated as missing for
participants who had one missing variable at any of
the three time points (T1-T3) (n¼ 5 excluded). AUC
was treated as missing for participants who were missing
evening (T1), morning waking (T2) or both pre-QST
(T4) and post-QST (T5) salivary cortisol levels (n¼ 3
excluded).

Non-parametric correlation analyses were completed
between clinical pain measures, stress-related psychoso-
cial measures, and salivary cortisol levels using
Spearman’s correlation. Differences in salivary cortisol
levels were assessed comparing the five separate time
points (T1-T5); slope (T1-T3) which included evening
(T1), immediately upon wakening (T2), and 45minutes

after waking (T3); and AUC for T1-T5 [including prior

to QST testing (T4) and immediately following QST test-

ing (T5)]. As our AUC was not comprised of a standard

24-hour capture, and individuals may have different

responses to QST session which could influence the T5

sample, the morning waking cortisol and the evening to

morning awakening slope were used as the primary out-

come measures to address our research questions.

Additionally, previous research supported the use of

the morning waking (T2) cortisol11,12,18,44 and the eve-

ning to morning awakening slope (T1-T3).20,21,31,45

To address Question 1, examine the relationship

between clinical pain, prior/current psychosocial stress,

and saliva cortisol levels, unadjusted and adjusted anal-

yses were completed. To reduce the number of analyses

completed and to determine the most predictive varia-

bles of interest, least absolute shrinkage and selection

operator (LASSO) specifying the elastic net option

were used. LASSO modeling was completed for clinical

pain (GCPS CPI, GCPS disability, chronic pain burden

index, total pain sites), and psychosocial stress (EOD,

SRE, PSS, financial satisfaction, and material satisfac-

tion) for the two primary outcome variables (morning

waking cortisol and evening to morning awakening

slope). Variable selections were based on LASSO

models with primary (age, sex, ethnicity/race, and total

number of comorbidities) and secondary explanatory

variables (PSQI, CESD, annual income, and education)

in the model. Following the selection of the clinical pain

and psychosocial stress measures, regression analyses

with primary explanatory variables were completed.
To address Question 2, evaluate possible sociodemo-

graphic group differences on measures of clinical

pain, psychosocial stress, and saliva cortisol levels, adjust-

ed regression analyses were completed. Adjusted analy-

ses included the primary covariates in addition to

income and education which differed by groups (see

Descriptive Analyses).
To address Question 3, investigate the combined con-

tributions of pain, psychosocial stress, and sociodemo-

graphic variables on saliva cortisol levels, adjusted

regression analyses were completed with the clinical

pain and psychosocial stress measures from LASSO in

the model with the primary explanatory variables. A

second analysis was conducted with both primary and

secondary explanatory variables. Lastly, as evening (T1)

salivary cortisol levels differed by ethnic/race groups,

post hoc regression analyses were completed. Statistical

analyses were completed using SAS, V.9.4 (SAS

Institute, Cary, North Carolina, USA). No imputation

was completed for missing variables. All tests were con-

sidered statistically significant at a 0.05 level of

significance.
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Results

Descriptives

A total of 105 participants (67 NHW, 38 NHB)
provided salivary cortisol samples and were
included in the analysis. There were a number of sta-
tistically significant differences between the NHW and
NHB participants (Table 1). NHB participants were
significantly younger, reported a higher number of
comorbidities, lower education, and lower income com-
pared to NHW participants. NHB participants also
reported significantly higher clinical pain, higher psy-
chosocial stress, worse sleep, and higher depressive
symptoms.

Relationships Between Clinical Pain, Psychosocial
Stress, and Saliva Cortisol

Unadjusted models are presented in a correlation matrix
in Tables 2 and 3. The morning waking salivary cortisol
level (T2) and the evening to morning awakening sali-
vary cortisol slope (T1- T3) both showed significant cor-
relations with the clinical pain and psychosocial stress
measures.

LASSO analyses with clinical pain measures as the
variables of interest with primary and secondary explan-
atory variables in the model identified the GCPS CPI as
the most predictive clinical pain measure for morning
waking cortisol (T2). LASSO modeling did not identify
a pain measure for the evening to morning awakening

Table 1. Baseline characteristics of non-Hispanic White and non-Hispanic Black participants.

Variable

Total sample

(N¼ 105)

Non-Hispanic

White (N¼ 67)

Non-Hispanic

Black (N¼ 38) P

Sociodemographics

Gender, N (%) 0.7910

Male 46 (43.8) 30 (44.8) 16 (42.1)

Female 59 (56.2) 37 (55.2) 22 (57.9)

Age, M� SD 59.0� 7.6 60.3� 8.3 56.6� 5.4 0.0061

Waist/Hip Ratio, M� SD 0.89� 0.09 0.89� 0.09 0.89� 0.09 0.6255

No. Comorbidities (0–14), N (%) 0.0009

0 52 (49.5) 41 (61.2) 11 (28.9)

1–2 45 (42.9) 23 (34.3) 22 (57.9)

3þ 8 (7.6) 3 (4.5) 5 (13.2)

Education, N (%) <0.0001

High school or less 51 (45.6) 22 (32.8) 29 (76.3)

Higher education 54 (51.4) 45 (67.2) 9 (23.7)

Income, N (%) <0.0001

$0–29,999 59 (56.2) 26 (38.8) 33 (86.8)

$30,000–79,999 32 (30.5) 27 (40.3) 5 (13.2)

$80,000þ 12 (11.4) 12 (17.9) 0 (0.0)

Not reported 2 (1.9) 2 (3.0) 0 (0.0)

Pain

GCPS CPI, M� SD 32.0� 26.7 22.9� 23.1 48.0� 25.4 <0.0001

GCPS disability, M� SD 23.7� 28.6 14.1� 22.3 41.0� 30.9 <0.0001

Number of pain sites 3.9� 4.44 2.9� 4.1 5.6� 4.6 0.0036

Chronic pain burden Index 60.6� 29.8 22.4� 28.4 45.0� 26.8 0.0002

Psychosocial

EOD, M� SD 4.0� 6.7 1.3� 3.1 8.8� 8.6 <0.0001

SRE, M� SD 259.7� 207.2 224.3� 178.8 325.5� 240.8 0.0308

PSS, M� SD 11.7� 6.2 11.1� 5.8 12.9� 6.8 0.1787

Financial satisfaction, M� SD 7.5� 3.0 8.6� 2.6 5.6� 2.5 <0.0001

Material satisfaction, M� SD 8.5� 2.7 9.3� 2.0 6.9� 3.0 <0.0001

Sleep

PSQI, M� SD 7.0� 4.1 6.3� 3.8 8.3� 4.5 0.0219

Depression

CES-D, M� SD 6.6� 6.5 5.4� 5.2 8.8� 8.0 0.0199

M¼mean; SD¼ standard deviation; BMI¼ body mass index; GCPS CPI¼Graded Chronic Pain Scale Characteristic Pain Intensity Score; GCPS

Disability¼Graded Chronic Pain Scale Disability Score; EOD¼ Experience of Discrimination; SRE¼Schedule of Recent Experiences; PSS¼ Perceived Social

Stress; PSQI¼ Pittsburgh Sleep Quality Index; CES-D¼Center for Epidemiologic Studies Depression Scale.
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salivary cortisol slope (T1-T3) but did identify ethnicity/

race in both models.
LASSO analyses with psychosocial stress measures

with explanatory variables in the model identified finan-

cial satisfaction and EOD as predictors of morning

waking salivary cortisol (T2). LASSO analyses with psy-

chosocial stress measures with explanatory variables in

the model identified financial satisfaction and annual

income as predictors of evening to morning awakening

salivary cortisol slope (T1-T3).
In regression analyses, clinical pain was not associat-

ed with either the morning waking salivary cortisol (T2)

or the evening to morning awakening salivary cortisol

slope (Table 4a). Among psychosocial stress variables,

financial satisfaction was significantly associated with

both morning waking salivary cortisol (T2) and the

evening to morning awakening cortisol slope (T1-T3)

such that greater financial satisfaction associated with

higher morning cortisol levels and a greater evening to

morning awakening slope (Table 4b).

Measures of Clinical Pain, Psychosocial Stress, and

Saliva Cortisol by Ethnic/Race Group

Significant ethnic/race group differences emerged for pain

disability, experiences of discrimination, and financial and

material satisfaction after adjusting for age, sex, and total

number of comorbidities, education, and income (Table 5).

Of the cortisol measures (Table 5), only evening (T1) sal-

ivary cortisol significantly differed between NHB and

NHW participants after accounting for covariates with

NHB participants exhibiting higher levels (Figure 1).

Table 2. Correlations between clinical pain and psychosocial stress measures.

Clinical pain measures

GCPS CPI GCPS disability Number of pain sites Chronic pain burden index

EOD 0.48746** 0.41791** 0.38061** 0.30005*

SRE 0.20843* 0.23507* 0.29668* 0.25121*

PSS 0.33165** 0.32270** 0.31685* 0.33756*

Financial satisfaction �0.36553* �0.39337** �0.42193** �0.39414**

Material satisfaction �0.39148** �0.40718** �0.37427** �0.39356**

Clinical Pain Measures: GCPS CPI¼ Graded Chronic Pain Scale Characteristic Pain Intensity Score; GCPS disability¼ Graded Chronic Pain Scale Disability

Score.

Psychosocial Stress Measures: EOD¼ Experiences of Discrimination; SRE¼ Schedule of Recent Experiences; PSS¼ Perceived Stress Scale.

*P< 0.05; **P< 0.001.

Table 3. Correlations between salivary cortisol, clinical pain, and psychosocial stress.

Salivary Cortisol Measures

Evening (T1)

n¼ 102

Waking (T2)

n¼ 105

45 min After

Waking (T3)

n¼ 103

Pre-QST (T4)

n¼ 105

Post-QST (T5)

n¼ 87

Slope (T1-T3)

n¼ 100

AUC (T1-T5)

n¼ 102

Clinical Pain Measures

GCPS CPI 0.06138 �0.22268* 0.02161 0.01825 �0.03894 �0.04206 �0.12530

GCPS Disability 0.06143 �0.24494* �0.10742 �0.06657 �0.07754 �0.18734 �0.17604

Number of Pain Sites 0.00776 �0.16246 �0.00668 �0.02931 �0.01268 �0.02317 �0.09361

Chronic Pain Burden Index

Psychosocial Stress Measures

0.04368 �0.20540* �0.02820 �0.03688 �0.05246 �0.06650 �0.12776

EOD 0.13062 �0.02968 �0.06534 �0.05933 0.11801 �0.03382 �0.04732

SRE 0.10152 0.06937 0.00724 �0.12432 �0.14841 0.03211 0.08545

PSS 0.00593 0.03209 �0.04884 0.03492 �0.06392 �0.10376 �0.00182

Financial Satisfaction �0.06242 0.31826* 0.33990* 0.11903 0.14378 0.41172** 0.30984*

Material Satisfaction �0.07460 0.28033* 0.15960 0.03642 0.07164 0.24397* 0.24339*

Clinical Pain Measures: GCPS CPI¼Graded Chronic Pain Scale Characteristic Pain Intensity Score; GCPS disability¼Graded Chronic Pain Scale Disability

Score.

Psychosocial Stress Measures: EOD¼ Experiences of Discrimination; SRE¼ Schedule of Recent Experiences; PSS¼ Perceived Stress Scale.

Note: T1¼ first collection; T2¼ second collection; T3¼ third collection; T4¼ fourth collection; T5¼ fifth collection; Slope (T1-T3)¼ slope of evening,

waking and 45min after waking; AUC (T1-T5)¼Area Under the Curve over all 5 time points.

*P< 0.05; **P< 0.001.
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Combined Contributions of Clinical Pain and

Psychosocial Stress on Saliva Cortisol Levels

A regression analysis with GCPS CPI, EOD, financial

satisfaction, and primary explanatory variables (age, sex,

ethnicity/race, and total number of comorbidities) in the

model indicated GCPS CPI, EOD, and financial satis-

faction as the strongest predictors of morning waking

(T2) cortisol (p¼ 0.001) explaining 21.3% of the vari-

ance. For evening to morning awakening cortisol slope

(T1-T3), the model was significant (p¼ 0.017) with

financial satisfaction as the only significant predictor

(p¼ 0.016), with the overall model explaining 15.4% of

the variance (Table 6a). An additional analysis including

the secondary explanatory variables (PSQI, CESD,

annual income and education) in the model showed

financial satisfaction, GCPS CPI, and CESD as

predictive of morning waking (T2) cortisol (overall

model, p¼ 0.0017) explaining 27.4% of the variance

(Table 6b) and financial satisfaction remained as the

sole predictor for the evening to morning awakening

(T1-T3) cortisol slope (p¼ 0.039), with the overall

model explaining 18.6% of the variance. Overall

modeling indicated decreased pain intensity, less depres-

sive symptoms, and greater financial satisfaction were

predictive of higher morning waking (T2) cortisol

levels and increased financial satisfaction was predictive

of greater evening to morning awakening (T1-T3) corti-

sol slope.

Additional analyses were completed to better under-

stand factors contributing to sociodemographic group

differences in the evening cortisol level. Post-hoc

models were run with clinical pain, psychosocial stress,

and explanatory variables in the models. Ethnic/race

group remained the primary predictor with CESD as a

secondary predictor. A regression analysis was also com-

pleted including explanatory variables. The model was

significant (p¼ 0.042) and ethnicity/race as the only pre-

dictor (p¼ 0.009) with NHB participants having a sig-

nificantly higher evening (T1) cortisol levels compared to

the NHW participants. The model explained 15.8% of

the variance observed for the evening cortisol level.

Discussion

The purpose of the study was to examine: 1) the rela-

tionship between clinical pain, prior/current psychoso-

cial stress, and salivary cortisol levels; 2) possible

sociodemographic group differences on measures of clin-

ical pain, psychosocial stress, and saliva cortisol levels;

and 3) the combined contributions of clinical pain, prior/

current psychosocial stress, and sociodemographic vari-

ables on saliva cortisol levels. In an unadjusted analysis,

clinical pain and psychosocial stress were most strongly

correlated with the morning waking and evening to

morning awakening slope cortisol levels. Adjusted anal-

yses did not indicate a relationship for clinical pain and

cortisol levels however a relationship with psychosocial

Table 4. Individual adjusted regression analyses.

Morning Waking (T2) Awakening Slope (T1-T3)

Parameter Estimate Standard Error t Value P Estimate Standard Error t Value P

A. Regression analysis assessing clinical pain with primary explanatory variables

Intercept 0.6508517202 0.20143443 3.23 0.0017 0.0005605506 0.00031816 1.76 0.0813

Age �0.0038365159 0.00318873 �1.20 0.2318 0.0000021430 0.00000521 0.41 0.6819

Female �0.0702454503 0.04337013 �1.62 0.1085 0.0000699530 0.00007851 0.89 0.3752

NHB �0.0139706427 0.05081243 �0.27 0.7839 �0.0001930958 0.00008684 �2.22 0.0285

No. comorbidities �0.0174505499 0.02300955 �0.76 0.4500 �0.0000235486 0.00003950 �0.60 0.5524

GCPS CPI �0.0017814126 0.00098400 �1.81 0.0733 – – – –

B. Regression analysis assessing psychosocial stress with primary explanatory variables

Intercept 0.2917743014 0.18260250 1.60 0.1133 0.0004106642 0.00031634 1.30 0.1975

Age �0.0021277423 0.00302477 �0.70 0.4835 �0.0000021048 0.00000508 �0.41 0.6797

Female �0.0572067728 0.04255212 �1.34 0.1820 0.0000840440 0.00007537 1.12 0.2678

NHB �0.0285008307 0.05873582 �0.49 0.6286 �0.0000547617 0.00009498 �0.58 0.5657

No. comorbidities �0.0262819621 0.02153824 �1.22 0.2253 �0.0000201981 0.00003700 �0.55 0.5864

Financial Satisfaction 0.0237385718 0.00849693 2.79 0.0063 0.0000379614 0.00001553 2.44 0.0165

EOD 0.0067156097 0.00379505 1.77 0.0799 – – – –

Income – – – – 0.0000122608 0.00001716 0.71 0.4768

A. The overall models were not significant. B. Overall models: Morning Waking (p¼ 0.0034) and Slope (p¼ 0.0166) - Indicates variables were not included

in the overall model. NHB¼ non-Hispanic Black; GCPS CPI¼ Graded Chronic Pain Scale Characteristic Pain Intensity, EOD¼ Experience of

Discrimination.
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stress, specifically higher financial satisfaction, was indi-

cated for both higher morning waking cortisol and

greater evening to morning awakening cortisol slope.

Regarding question 2, we found significant sociodemo-

graphic group differences with NHB participants report-

ing greater pain disability, more experiences of

discrimination, and less financial and material satisfac-

tion compared to the NHW participants. Of the

cortisol measures, only the evening (T1) prior to

bed was found to differ by ethnic/race group with

NHB participants having higher levels. Lastly, when

evaluating the combined effects of clinical pain and psy-

chosocial stress, increased financial satisfaction was indi-

cated as a significant predictor for both higher morning

waking, and greater evening to morning awakening

slope cortisol measures while additional contributing

factors including characteristic pain intensity and

depressive symptoms were also relevant for morning

waking cortisol.

Relationships Among Clinical Pain, Psychosocial Stress,

and Saliva Cortisol

Previous studies have shown that having more stress-related

experiences are related to worse clinical pain.46–48 In line

with previous reports, we found significant relationships

between clinical pain measures and psychosocial stress

measures. Previous research examining associations

between salivary cortisol and experiences of stress has

revealed inconsistent findings.11,49 Although our correlation

analyses revealed significant relationships between clinical

pain and cortisol measures, the associations were not sig-

nificant in the adjusted models. Importantly, in unadjusted

and fully adjusted psychosocial stress models, higher finan-

cial satisfaction remained a significant predictor of both
higher levels of morning waking cortisol and greater eve-

ning to morning awakening cortisol slope. This finding

remained with inclusion of primary and secondary explan-

atory variables in the model including annual income.

Research suggests morning waking salivary cortisol to be

more strongly influenced by long term chronic stress, while

evening salivary cortisol is more sensitive to current/recent

social stress.45,50 Our results suggest psychosocial stress,

specifically financial satisfaction, is a key factor contribut-

ing to differences in morning waking cortisol and evening

to morning awakening cortisol slope measures.

Clinical Pain, Psychosocial Stress, and Saliva Cortisol

by Ethnic/Race Group

Reports of ethnic/race group differences in clinical pain,
psychosocial stress, and cortisol levels are

ample.13,15,19,28,32,51 Findings in the present study align;

NHB participants reported experiencing greater pain-

related disability, more experiences of discrimination,

and less financial and material satisfaction than their

NHW peers. Differences in evening salivary cortisol

levels (T1) also emerged, consistent with previous research

with NHB participants having higher levels.45 Group dif-

ferences were not found for other cortisol measures.

Importantly, as noted in the introduction, ethnic/race

group affiliation is a proxy for numerous cultural, envi-

ronmental, and psychosocial factors. Our groups differed
on key baseline descriptive variables including age,

comorbidities, income, education, sleep, and depressive

symptoms. Improving our understanding of disparities

in health outcomes for minority groups will require con-

sideration of a comprehensive array of social and envi-

ronmental factors influencing behavior and biology.

Combined Contributions of Clinical Pain and

Psychosocial Stress on Saliva Cortisol Levels

Our analysis revealed a combined contribution of finan-

cial satisfaction, characteristic pain intensity, and

Table 5. Adjusted ethnic/race group comparisons in clinical pain,
psychosocial stress and salivary cortisol.

F Value P

Clinical pain measures

GCPS CPI 10.47 <0.0001

GCPS Disability* 8.79 <0.0001

Number of Pain Sites 8.14 <0.0001

Chronic Pain Burden Index 6.69 <0.0001

Psychosocial stress measures

EOD* 8.35 <0.0001

SRE 4.90 0.0002

PSS 1.80 0.1071

Financial Satisfaction* 8.89 <0.0001

Material Satisfaction* 7.58 <0.0001

Salivary cortisol measures

Evening (T1)* 2.11 0.0423

Morning Waking (T2) 1.89 0.0709

45 Minute After Waking (T3) 0.91 0.5141

Pre-QST (T4) 0.62 0.7612

Post-QST (T5) 1.08 0.3850

Slope (T1-T3) 1.87 0.0757

AUC (T1-T5) 1.39 0.2099

Clinical Pain Measures: GCPS CPI¼ Graded Chronic Pain Scale

Characteristic Pain Intensity Score; GCPS disability¼ Graded Chronic Pain

Scale Disability Score.

Psychosocial Stress Measures: EOD¼ Experiences of Discrimination; SRE¼
Schedule of Recent Experiences; PSS¼ Perceived Stress Scale.

Note: T1¼ first collection; T2¼ second collection; T3¼ third collection;

T4¼ fourth collection; T5¼ fifth collection; Slope (T1-T3)¼ slope of

evening, waking and 45min after waking; AUC (T1-T5)¼ Area Under the

Curve over all 5 time points.

Explanatory variables: sex, race, age, number of comorbidities, highest

education, income.

For cortisol analyses – PSQI and CESD also included.

*Ethnicity/race found to be statistically significantly different (p< 0.05).
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Table 6. Combined adjusted regression analyses.

Morning waking (T2) Awakening slope (T1-T3)

Parameter Estimate Standard error t Value p Estimate Standard error t Value p

A. Regression analyses with combined contributions for clinical pain and psychosocial stress with primary explanatory variables

Intercept 0.4669392284 0.19921225 2.34 0.0211 0.0004106642 0.00031634 1.30 0.1975

Age �0.0041690956 0.00314089 �1.33 0.1875 �0.0000021048 0.00000508 �0.41 0.6797

Female �0.0551313767 0.04188968 �1.32 0.1913 0.0000840440 0.00007537 1.12 0.2678

NHB �0.0125920187 0.05832931 �0.22 0.8295 �0.0000547617 0.00009498 �0.58 0.5657

No. comorbidities �0.0144896485 0.02197262 �0.66 0.5112 �0.0000201981 0.00003700 �0.55 0.5864

GCPS CPI �0.0019852505 0.00097436 �2.04 0.0444 – – – –

Financial Satisfaction 0.0218167306 0.00841521 2.59 0.0110 0.0000379614 0.00001553 2.44 0.0165

EOD 0.0081031742 0.00379644 2.13 0.0354 – – – –

Income – – – – 0.0000122608 0.00001716 0.71 0.4768

B. Regression analyses with combined contributions of clinical pain and psychosocial stress with primary and secondary explanatory variables

Intercept 0.3006345358 0.22386105 1.34 0.1827 0.0006791813 0.00035233 1.93 0.0572

Age �0.0040730057 0.00340873 �1.19 0.2353 �0.0000045983 0.00000531 �0.87 0.3889

Female �0.0787574654 0.04350347 �1.81 0.0736 0.0000753923 0.00007492 1.01 0.3170

NHB 0.0271914016 0.06423854 0.42 0.6731 �0.0000984503 0.00009551 �1.03 0.3055

No. comorbidities �0.0102599716 0.02287953 �0.45 0.6549 �0.0000364047 0.00003774 �0.96 0.3374

GCPS CPI �0.0022762273 0.00106284 �2.14 0.0350 – – – –

Financial Satisfaction 0.0288438298 0.00933655 3.09 0.0027 0.0000336705 0.00001607 2.10 0.0391

EOD 0.0050381823 0.00432110 1.17 0.2467 – – – –

CES-D 0.0100950638 0.00405104 2.49 0.0146 �0.0000007808 0.00000684 �0.11 0.9094

PSQI 0.0011929637 0.00569085 0.21 0.8344 �0.0000046965 0.00000933 �0.50 0.6160

Education 0.0051807795 0.01958240 0.26 0.7920 �0.0000068128 0.00003301 �0.21 0.8370

Income 0.0077431147 0.01069222 0.72 0.4709 0.0000102155 0.00001758 0.58 0.5627

A: Overall models: Morning Waking (p¼ 0.0013) and Slope (p¼ 0.0166).

B: Overall models: Morning Waking (p¼ 0.0017) and Slope (p¼ 0.0287).

–Variables not included in the overall model.

NHB¼ non-Hispanic Black; GCPS CPI¼ Graded Chronic Pain Scale Characteristic Pain Intensity; EOD¼ Experience of Discrimination; CES-D¼ Center for

Epidemiologic Studies Depression Scale; PSQI¼ Pittsburgh Sleep Quality Index.
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Figure 1. 12-hour cortisol pattern by ethnicity/race group over five time points. *Adjusted p<0.05; NHB¼ non-Hispanic Black; NHW¼
non-Hispanic White; QST¼ Quantitative Sensory Testing. Note: T1¼ first collection; T2¼ second collection; T3¼ third collection;
T4¼ fourth collection; T5¼fifth collection.
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depressive symptoms as significant predictors of morning
waking cortisol, while financial satisfaction was the only
predictor of evening to morning awakening cortisol slope.
Although ethnic/race groups differed in the evening cor-
tisol level, ethnic/race group was not a significant predic-
tor in the morning waking cortisol level and the evening
to morning awakening slope. Findings suggest that
“chronic” stress experiences associated with financial dis-
satisfaction, chronic pain, and depressive symptoms may
contribute toward maladaptive shifts in cortisol regula-
tion.3,18,52 Additionally, in the investigation of possible
ethnic/race group differences in health-related outcomes,
consideration of sociodemographic, environmental, and
psychosocial factors is important.53,54

Additional Considerations

Several factors should be considered when evaluating the
study’s findings. In regard to strengths, first, this study
includes a robust sample of a community dwelling older
adults with/without knee pain with a strong representa-
tion of both NHB and NHW adults. Second, we includ-
ed multiple measures to capture the experience of pain
and previous/current psychosocial stress. Third, we
implemented statistical methods to help identify primary
variables of interest for clinical pain and psychosocial
stress to reduce the number of analyses completed.
Fourth, we were able to collect salivary cortisol at mul-
tiple time points capturing five time points across an
approximate 12-hour period. Cortisol analyses were
completed with high quality processing standards by a
recognized and reputable lab at the University of
Alabama at Birmingham.

There are also limitations to acknowledge that can
inform future efforts. First, collection of salivary cortisol
across multiple time points has some inherent challenges
(e.g., insufficient saliva, missed home collections).
Additionally, our fifth saliva sample was collected after
the QST session which could potentially influence the
cortisol level. Second, as our ethnic/race groups differed
on key sociodemographic variables, interpretations of
group differences are limited and warrant the recogni-
tion of the influence of an array of sociodemographic
factors (some measured with others remaining to be
explored). Third, the GCPS questionnaire was specific
to knee pain, therefore pain experiences associated
with other body sites was not captured. Fourth,
although number of pain sites has been indicated as a
strong indicator of chronic pain severity,55,56 improved
phenotyping of stage of chronic pain with consideration
for overall pain frequency, intensity, and duration would
be informative moving forward.57,58 Fifth, although we
evaluated a number of key measures of psychosocial
stress, other measures might be more effective in quan-
tifying short and long-term stress, (e.g., including a

measure of appraisal in addition to evaluation of poten-

tial stressful events and including a measure to capture

childhood stress exposure). Additionally, many meas-

ures are bi-directional and inter-related, e.g., pain, func-

tional limitations, depression, ability to work, income,

and financial satisfaction. Sixth, there are inherent limi-

tations in self-report questionnaires. Lastly, further
investigations including “longer term” biological

markers of stress, e.g., hair cortisol, an allostatic load

composite and/or telomere length would provide valu-

able information.

Conclusion

Our findings indicate relationships between clinical pain,

psychosocial stress, sociodemographics, and saliva cor-

tisol. NHB participants reported experiencing greater

pain disability, more experiences of discrimination, and

lower financial and material satisfaction compared to

NHW participants. Additionally, NHB participants

reported more sleep disturbance, greater depressive

symptoms, and had higher evening cortisol levels.

However, ethnicity/race was not a significant predictor
of morning waking cortisol or evening to morning

awakening cortisol slope. Financial satisfaction was the

most consistent predictor of cortisol levels, with charac-

teristic pain intensity and depressive symptoms also con-

tributing to morning waking cortisol. Understanding

relationships among sociodemographic characteristics,

psychosocial stress, clinical pain, and the biological

interface will help identify targets to improve health out-

comes in individuals living with chronic pain.
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