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Abstract

Objective—It is known that osteoarthritis (OA) increases risk of sleep disturbance, and that both 

pain and sleep problems may trigger functional disability and depression. However, studies 

examining all four variables simultaneously are rare. This research therefore examined cross-

sectional and longitudinal associations of self-reported sleep disturbance with OA-related pain and 

disability, and depressive symptoms.

Methods—At baseline, 367 persons with physician-diagnosed knee OA reported sleep 

disturbances, pain, functional limitations, and depressive symptoms. All measures were repeated a 

year later (N = 288). Baseline analyses examined the independent and interactive associations of 

sleep disturbance with pain, disability and depression, net of demographics and general health. 

Longitudinal analyses used baseline sleep disturbance to predict one-year change in pain, 

disability and depression.

Results—At baseline, sleep was independently associated with pain and depression, but not 

disability. The sleep-pain relationship was mediated by depressive symptoms; sleep interacted 

with pain to exacerbate depression among persons with high levels of pain. Baseline sleep 

disturbance predicted increased depression and disability, but not pain, at follow-up.

Conclusions—These data confirm known cross-sectional relationships of sleep disturbance with 

pain and depression, and provide new insights on longitudinal associations among those variables. 

Depression appears to play a strong role in the sleep-pain linkage, particularly where pain is 

severe. The unique predictive role of sleep in progression of disability requires further study, but 

may be an important point of intervention to prevent OA-related functional decline among persons 

whose sleep is disrupted by OA pain.

In the U.S., arthritis ranks among the top three health conditions causing disability (1). 

Osteoarthritis (OA), the most common form of arthritis, is pervasive and costly, affecting at 

least 26.9 million Americans and fueling a $185.5 billion increase in healthcare expenditures 

between 1996 and 2005 (2,3). Of joints commonly affected by OA, the knee ranks high, 

with symptomatic prevalence rates reaching 16.7% (4). The multifaceted, hyperalgesic 

nature of OA creates potentially debilitating physical and psychological burdens, making 
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individuals particularly susceptible to comorbid disorders that may exacerbate OA-

associated symptoms. Sleep disturbance is one such comorbidity. Among persons with knee 

OA, up to 31% report significant disturbances initiating sleep, 81% have difficulties 

maintaining nighttime sleep, and up to 77% report any sleep problem (5,6). Sleep disruption 

and pain frequently co-occur; both have uniquely been linked with depressed mood (7–9) 

and various forms of functional disability (10–12). The aim of the current study was 

therefore to disentangle the complex relationships among these conditions by examining 

cross-sectional and longitudinal associations of sleep disturbances with pain, depression, and 

disability among adults with knee OA.

The relationship between sleep and pain is robust and likely bidirectional (6,9,13). 

According to Spielman’s model of chronic insomnia (14), pain may serve as a precipitating 

factor that interacts with certain predisposing factors (e.g., tendency toward physiological 

hyperarousal) to fuel onset and maintenance of insomnia. Sleep problems (e.g., sleep 

fragmentation, difficulty initiating sleep) may disrupt various physiological processes that 

influence pain perception. A similar, cyclical relationship is proposed by Smith and 

colleagues (9), whereby disrupted sleep may contribute directly to increased central pain 

processing, exacerbating daily pain—which may then perpetuate sleep disturbances.

An evidence-based review of the general literature on chronic pain and sleep concluded that 

pain may be etiologically related to disordered sleep (15). Analyses from a cross-sectional, 

nationally representative survey of adults supported this conclusion, indicating that self-

reported insomnia symptoms and dissatisfaction with sleep were correlated with pain 

severity in individuals with and without arthritis (16). Further, pain partially mediated the 

relationship of an arthritis diagnosis with sleep outcomes, even when accounting for 

sociodemographic and lifestyle factors, other chronic conditions, and mental health. Sleep 

quantity predicted presence of painful conditions in a cross-sectional, national survey in 

Spain: persons who reported fewer than 6 hours sleep per day were at increased risk for 

experiencing a painful condition (17). Wilcox and colleagues (6) similarly demonstrated that 

OA-related knee pain was related to sleep disturbance. Interestingly, the unique variance in 

sleep disturbance explained by knee pain was rather small (IR2 = .01); this contrasts with 

other findings that suggest a stronger relationship between sleep and pain (e.g., [16,18]).

Sleep difficulties are also closely linked with depressed mood. Using 14 days of subjective 

(daily diaries) and objective (actigraph) sleep measures, McCrae and colleagues (19) 

examined the sleep-affect association in healthy older adults. Subjective sleep measures 

were linked with both positive and negative affect, such that lower reported sleep quality or 

greater wake time was associated with less positive and greater negative affect the next day. 

In persons with OA, Hawker et al. (20) similarly identified a negative correlation between 

sleep quality and depressed mood. Interestingly, in contrast to subjective measures, McCrae 

et al.’s (19) actigraphic measures were not significantly associated with affect, reflecting the 

strong influence of perceptions of sleep on mood outcomes. In fact, objective and subjective 

sleep measures have often been found to be discordant (e.g., [21]) suggesting that they may 

be assessing different components of the sleep experience.
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Sleep problems may also be associated with functional decline in osteoarthritis. 

Conceptually, sleep difficulties may function as a predisposing risk factor for developing 

impairments or, alternatively, as an intra-individual intervening factor that increases the 

extent and pace of functional decline (22). This relationship may be based in part on 

linkages among sleep, pain and depression just discussed, and particularly on the mediating 

role of depression and pain in the sleep–disability association (23). Empirically, poor sleep 

and diagnosed OA are separately associated with functional impairment in otherwise healthy 

adults (10–12). However, the influence of poor sleep on functional limitations in individuals 

with osteoarthritis has not been extensively explored.

In contract with these cross-sectional findings, far fewer studies have examined longitudinal 

associations among sleep disturbances, pain, depression, and disability in persons with OA; 

what evidence does exist is contradictory. For example, in a one-year, longitudinal 

examination in the general adult population, baseline insomnia predicted persistence of pain 

already present at baseline, but not incident pain (24). Pain also predicted development of 

insomnia over the one-year interval. In contrast, Morphy and colleagues (25) found, in 

individuals with knee OA, that insomnia symptoms increased risk of developing pain over a 

one-year period, but not persistence of baseline pain.

A number of longitudinal analyses have identified insomnia as a risk factor for the onset of 

depression net of the diagnostic association of the two disorders (e.g., [26]). A recent 

prospective study of community dwelling older women indicated that shorter total sleep 

time and lower sleep efficiency (measured actigraphically) increased risk of self-reported 

IADL impairment at 5-year follow-up (27). Although approximately 27% of the sample 

reported having OA, generalizability to osteoarthritic and male populations is limited.

Although intriguing, extant literature underscores the need for further investigation. The 

current research therefore examined cross-sectional and one-year longitudinal relationships 

of sleep difficulties with pain, depression, and functional disability in older adults with 

physician-diagnosed knee OA. Because variables of interest are known to vary with both 

demographic characteristics (28–30) and health status (31), those factors were examined as 

covariates, and their effects controlled as needed in all analyses.

Method

Sample and procedure

The sample comprised 367 individuals with physician-diagnosed OA of the knee. We 

purposely aimed to recruit a broad general sample of OA sufferers, including those who do 

and do not seek specialty care. We therefore recruited through diverse sources including 

university (N = 53, 14.6% of total sample) and Veterans Affairs Medical Center (44, 12.2%) 

rheumatology clinics, a general geriatric outpatient clinic (44, 12.2%), a previous 

psychoeducational study of osteoarthritis (47, 13.0%) and public service announcements in 

local news media (174, 48.1%). Recruitment information was missing for 5 participants. All 

participants were able to respond to questions in English, had no other life-threatening or 

severely disabling medical conditions, and provided signed consent for physician 
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confirmation of the knee OA diagnosis. Persons for whom physician confirmation was 

unavailable were excluded from the sample.

Route of initial contact with participants varied by site. At investigator-affiliated clinics and 

for previous research participants, knee OA patients were sent introductory letters from 

attending physicians; a follow-up telephone call from project staff ascertained interest and 

eligibility. Respondents to PSAs telephoned the research office directly. Regardless of 

recruitment method, all individuals who assented during the screening call were mailed 

questionnaires and consent forms for independent completion. These were retrieved 1–2 

weeks later during an in-person interview to collect additional data. All respondents received 

$25 at baseline (Time 1; T1) and one-year follow-up (Time 2; T2). All methods were 

approved by the institutional review boards of the Philadelphia Geriatric Center and the 

University of Pennsylvania.

Measures

Demographic characteristics include age, sex, race (White vs. other; 94% of non-White 

respondents were African American), relationship status (married/cohabiting vs. not), 

education (8-point scale, less than high school to completed graduate degree), and income 

(7-point scale coded in $10,000 increments). For the 22% of cases missing income 

information, values were imputed using SPSS v.22. Because data were assumed to be 

missing at random, we used stochastic regression methods with all T1 variables as predictors 

and a random residual term (32). Comparison of analyses using these imputed values with 

findings for only the subset of participants who provided full data yielded no differential 

patterns of significance for primary variables of interest (results available on request from 

the first author).

Health was measured objectively by a count of health conditions endorsed on a 31-item 

checklist adapted from Lawton et al. (33). Subjective health was represented by a 3-item 

composite: health overall (4-point scale, excellent to poor), now vs. 5 years ago, and vs. 

others the same age (both rated better, the same or worse). Higher scores indicate poorer 

perceived health.

Sleep disturbance was evaluated during a research diagnostic interview designed to capture 

significant mood disorders and other psychiatric symptomatology. Responses to a semi-

structured question regarding trouble sleeping were coded to indicate insomnia as 1 = not 

present, 2 = possibly present, but doubtful clinical significance, 3 = present and probably 

significant, or 4 = definitely present and significant for at least two weeks. Follow-up probes 

captured presence/absence of initial (“trouble falling asleep”), middle (“waking up in the 

middle of the night”) and terminal insomnia (“waking up early in the morning before you 

want to get up”).

Depressive symptoms were assessed with the Center for Epidemiologic Studies Depression 

scale (34). To avoid confounding, the sleep disturbance item was omitted; the remaining 19 

items were summed (possible range 0–57).
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Pain was measured with the 6-item Philadelphia Geriatric Center Pain Scale (35); α=.84. 

Possible range is 0.71, 5.71; higher scores denote greater pain severity. Although this 

measure did not tap OA pain specifically, it correlated r = .90 with a parallel measure of OA 

pain, and yielded identical findings to the OA-specific measure. We therefore used the 

validated general measure for current analyses.

Functional disability was represented by Arthritis Impact Measurement Scales, 2nd edition 

(AIMS2; [34]) subscales tapping mobility, walking and bending, hand and finger function, 

arm function, self-care and household tasks. The 28 5-point items were averaged to yield a 

single composite (α = .78).

Analytic plan

Sample characteristics were examined using analysis of variance (ANOVA) and chi square 

statistics. Ordinary least squares (OLS) regression analyses identified demographic and 

health characteristics associated with primary variables (sleep, pain, disability, depression) 

for statistical control in primary analysis. In those primary analyses, OLS regression 

equations used sleep disturbance to predict T1 depression, disability and pain. Block entry of 

other primary variables pinpointed independent associations of sleep disturbance with each 

outcome, and interactions of sleep with other key predictors (e.g., does the interaction of 

sleep with pain significantly improve prediction of depression?). Longitudinal analyses 

examined T1–T2 change in depression, pain and disability as a function of T1 sleep 

disturbance. Again, block entry of other outcome variables elucidated direct and indirect 

effects.

Results

Sample characteristics

Table 1 presents baseline (T1) characteristics of the 367 T1 participants and the 288 T2 

completers. Persons who failed to complete the one-year follow-up were disproportionately 

non-White and more poorly educated; they also reported poorer subjective health, greater 

disability and slightly greater pain at T1. Although there were no differences in overall 

prevalence of sleep disturbance, T2 completers were slightly more likely to report terminal 

insomnia. Because of these differences, we reran all T1 analyses using only the 288 T2 

completers (results available from the first author). Minimal differences reflected minor 

shifts in coefficients for covariates (e.g., from significance to marginal significance, or from 

marginal to nonsignificance) but not for primary variables. We therefore used the full 

sample in T1 analyses.

Demographic and health covariates

Separate OLS regression analyses identified demographic and general health correlates of 

sleep, pain, disability and depressive symptoms, with block entry of demographics and then 

health status variables. Results (available from first author) closely parallel those reported 

below for primary analyses and, hence, are not described in detail here. Briefly, sex, race, 

education, and subjective and objective health were each associated with one or more of the 

four key variables; they were used as covariates in all primary analyses. Because age, 
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income and marital status did not uniquely predict any primary variables, they were dropped 

from analysis.

Cross-sectional associations of sleep disturbance with pain, disability and depression

Separate OLS regressions examined how sleep disturbance is associated with pain, disability 

and depressive symptoms. For each outcome, demographics (sex, education, race) and 

objective and subjective health were entered at Step 1, followed by sleep disturbance (Step 

2; summarized in Table 2). Where sleep disturbance was a significant predictor, we 

reanalyzed substituting initial, middle and terminal insomnia for the global sleep disturbance 

variable.

For pain, a significant Step 1 equation, adjusted R2 = .178, F (5, 360) = 16.82, p < .001, is 

attributable to effects of sex and subjective health. Addition of sleep disturbance at Step 2 

significantly improved prediction, Δ F (1,359) = 5.44, p < .02, reflecting a positive 

association of sleep disturbance with pain (Table 2). However, when Step 2 was repeated 

using the 3 types of insomnia, the effect was not significant, Δ F (3, 354) = 1.73.

For disability, a significant Step 1 equation, adjusted R2 = .388, F (5, 360) = 47.28, p < .001, 

was driven by sex, education, and objective and subjective health. Sleep disturbance did not 

increase explained variance, Δ F < 1.

Depressive symptoms were significantly predicted by sex, education and subjective health, 

and marginally by race, Step 1 F (5, 360) = 8.68, p < .001. Sleep disturbance significantly 

improved prediction of depression, Δ F (1, 359) = 17.71, p < .001. Here, reanalysis using the 

three types of insomnia yielded a significant effect, Δ F (3, 354) = 4.18, p < .006, driven 

solely by initial insomnia, β = .106, p < .04.

To explore interrelationships of sleep problems, pain and depression, we expanded pain and 

depression analyses, adding the other outcome (Step 3) and the interaction of sleep 

disturbance with that outcome (Step 4), using centered crossproducts as interaction terms. 

Thus, for pain we added depressive symptoms at Step 3, and the depression × sleep 

disturbance interaction at Step 4. Pain and sleep were similarly examined singly and 

interactively as predictors of depression. Because disability was not independently 

associated with sleep disturbance, it was not examined further.

For pain, addition of depression to the Step 2 equation increased variance explained, β = .

201, p < .001, Δ F (1, 358) = 15.56, p < .001, and reduced the beta for sleep disturbance to 

nonsignificance, β = .063, p > .19. The sleep × depression interaction did not improve 

prediction, F < 1.

For depression, adding pain to the equation already containing sleep disturbance similarly 

increased explained variance, Δ F (1, 358) = 15.56, p < .001. Here, both pain (β = .207) and 

sleep disturbance (.183) were independently associated with depression, both ps < .001. The 

sleep × pain interaction further improved prediction, F (1, 357) = 5.86, p < .02. To elucidate 

this effect, we dichotomized sleep disturbance (presence/absence of clinically significant 

disturbance: 1,2 vs. 3,4) and pain (median split). Means for the interaction of these variables, 
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adjusted for covariates, indicate that sleep disturbance exacerbates the known association of 

pain with depression (Figure 1). For the low pain group, sleep disturbance was unrelated to 

depression; but at high levels of pain, depression was greater among those who also reported 

sleep problems.

Longitudinal associations of sleep disturbance with pain, disability and depression

Sleep disturbance at T1 was used to predict one-year change in pain, disability and 

depression by residualizing the T2 outcome on its T1 counterpart (Step 1) before entering 

covariates (Step 2) and then T1 sleep disturbance (Step 3). Results at this step appear as 

Table 3. Where a significant effect of T1 sleep disturbance emerged, we then added the 

other well-being indicators, e.g., for T2 pain, we entered T1 depression and disability (Step 

4).

For 1-year change in pain, a significant Step 2 effect, Δ F (5, 280) = 6.06, p < 001, was 

attributable entirely to objective health, β = .203, p < .001. Adding T1 sleep disturbance did 

not improve prediction, Δ F (1, 279) = 1.57, p > .21

For disability, a significant Step 2 effect, Δ F (5, 280) = 6.83, p < .001, was driven by sex (β 

= .088, p < .03), education (−.150, .001), and objective health (.109, .02); perceived health 

was marginal, β = .087, p < .07. Addition of T1 sleep disturbance increased explained 

variance, β = .114, Δ F (1, 279) = 9.34, p < .002 (Table 3). The effect of T1 sleep 

disturbance remained significant even after entry of both T1 and T2 pain and depressive 

symptoms, Step 5 sleep disturbance β = .088, p < .02, overall F (9,277) = 61.14, p < .001. In 

addition, change in disability was significantly associated with T1 depressive symptoms, β 

= .092, p < .02, and T1 pain, β = .114, p < .01.

Change in depression was not significantly associated with T1 demographic and health 

covariates, Δ F (5, 280) = 1.66, p > .14. Baseline sleep disturbance significantly increased 

explained variance, Δ F (1, 279) = 13.01, p < .001 (Table 3). Addition of T1 pain and 

disability variables did not further improve prediction, nor reduce the effect of sleep 

disturbance, final β = .154, p < .001.

Discussion

The data reported here illustrate the complex interrelationships among osteoarthritis-related 

pain and disability, sleep disturbances, and depressive symptoms. Cross-sectional analyses 

revealed a significant association of sleep disturbance with pain and depression, but not 

functional disability. The sleep–pain relationship was wholly explained by depressive 

symptoms; in contrast, depression was significantly, independently associated with both 

pain and sleep problems. Furthermore, sleep disturbance exacerbated effects of pain on 

depression, such that depressive symptoms were greatest among those with both significant 

sleep problems and higher-than-average pain. In one-year longitudinal analyses, sleep 

problems predicted increases in depression and disability, but not pain.

Before discussing findings in depth, it is important to note that our sample differed from that 

used in many previous studies. We purposely cast a broad net to attract a demographically 
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and clinically diverse sample. Thus, although all participants had diagnosed knee OA, they 

reported a broad range of symptoms and had not all sought treatment specifically for OA. 

While this may have introduced some noise into analyses, it enhances generalizability and 

depicts associations as they may occur in a broader cross-section of OA sufferers than is 

typical for purely clinical samples.

We should also point out some limitations of this research. Most notable is our very global 

and inexact measure of sleep disturbance. Use of a single, semi-structured probe did capture 

the nature and extent of subjective sleep problems. However, it does not provide the rigor of 

standardized sleep quality measures and certainly not of objective monitoring techniques 

such as actigraphy and polysomnography. Although it is heartening that even our relatively 

gross measure of sleep quality produced clearly interpretable effects, further work with more 

sensitive measures is in order. This is especially important given known discrepancies 

among objective and subjective measures of sleep (21).

Limitations of the sleep measure, in turn, drove our decision to treat sleep as a predictor and 

not an outcome. Existing evidence implies that the associations of sleep with both pain 

(6,9,13) and depression (35,36) are bidirectional; though fewer hard data are available, it is 

also likely that the three variables interact complexly over time. Patterns of longitudinal 

associations in the current data illustrate this complexity, as well as the added role of 

disability in the mix. However, both our rudimentary measurement of sleep quality and 

single-follow-up design preclude addressing definitively the long-range, possibly cyclical 

linkages among sleep, OA-related pain and disability, and emotional well-being.

Current findings nonetheless confirm the previously documented associations of sleep with 

pain (7,13,17,20,39,40) and depression (20,37,38). In our sample, however, depressive 

symptoms entirely accounted for the association of sleep with pain; nor was there any 

association of baseline sleep disturbance with one-year change in pain. This contradicts 

current thinking about the mutual influence of pain and sleep disturbance, and adds yet 

another layer of complexity to existing, conflicting research on long-term associations of 

pain and sleep. In contrast to previous, population-based studies examining incidence and 

persistence of pain (24,25), the current analyses addressed change in OA-related pain 

severity. The chronic nature of OA pain, as well as its close linkage with disability, is likely 

to shape its association with both sleep and emotional well-being beyond dynamics seen in 

the general population.

Interestingly, the current sample of older OA sufferers showed no cross-sectional 

association of sleep with functional disability. However, baseline sleep disturbance did 

predict functional decline over a year’s time. Furthermore, the effect of sleep problems was 

independent of the contributions of baseline depressive symptoms and increased pain from 

T1–T2 (assessed as T1–T2 residual). Thus, it appears that sleep problems are a robust risk 

factor for functional decline net of pain or mood. Of course, causal mechanisms underlying 

this association remain unclear, and potential influences of some unmeasured third factor 

must be considered. One intriguing possibility on which further research is needed is fatigue, 

which recent work suggests is a frequent concomitant of both chronic pain and sleep 

disturbance (20,41,42). A recent intervention conducted with older adults with comorbid 
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osteoarthritis and insomnia showed that short-term improvements in sleep predicted long-

term (18 month) improvements in chronic pain and fatigue (43). Given the important role of 

daytime activity in managing chronic pain, further research is needed to investigate the 

associations among sleep, fatigue, and pain in osteoarthritis.

Our findings also enhance understanding of the linkage between sleep disturbance and 

depression among persons with osteoarthritis. Of particular interest here is the obtained 

interaction of sleep and pain on depressive symptoms at baseline. At low levels of pain, 

sleep disturbance is unrelated to mood; but where pain is more severe, sleep problems 

exacerbate depression. This has important implications for treatment, suggesting that the 

documented efficacy of analgesic treatment of OA-related pain in reducing sleep disturbance 

(44,45) may help relieve pain-related emotional distress as well. At the same time, our 

analyses suggest that the effects of sleep disturbance on depression may be independent of 

pain and disability, inasmuch as only sleep was independently associated with increased 

depression over time. Similarly, changes in pain and disability did not track with change in 

depression. This suggests that sleep may be an important mediator of known relationships 

among pain, disability and depression.

In sum, this analysis sheds new light on the interrelationships among sleep, pain, disability 

and depressive symptoms among older adults with osteoarthritis. Findings highlight the 

unique role of sleep problems as immediate drivers of pain and depression, and as long-

range influences on functional disability and depressed mood. In particular, it appears that 

poor sleep may interact with severe OA pain to place persons at increased risk of depression 

and, long range, of functional limitations. Further, depression represents an important 

possible mediator of the pain – sleep linkage, highlighting the importance of assessing and 

treating emotional distress in this very common chronic disorder. Future research should 

continue examining these linkages, with an eye toward pinpointing specific mechanisms 

and, hence, the types of clinical interventions most likely to interrupt the cycle of OA-

related distress.
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Significance and Innovations

• Although osteoarthritis is known to produce sleep problems, investigation of the 

dynamics of that association is in its early stages. This research uniquely 

examines the association of sleep with OA-related pain, disability and depressed 

mood simultaneously in a single study.

• In particular, there has previously been very little longitudinal analysis of how 

sleep disturbance may fuel changes in pain, disability and depressive symptoms 

among persons with OA.
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Figure 1. 
Interactive effects of sleep disturbance and pain on depressive symptoms
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Table 1

Baseline Characteristics of Time 1 and Time 2 Participants

Time 1
N=367

Time 2
N= 288

Variable (range in this sample)
Mean (SD)
or N (%)

Mean (SD)
or N (%) F or χ2 P

Age in years (48–91) 67.9 (9.7) 68.3 (9.5) 2.46 .117

Female 234 (63.8%) 190 (66.0%) 2.83 .092

Nonwhite 99 (27.0%) 68 (23.6%) 7.69 .006

Married/cohabiting 196 (53.4%) 149 (51.7%) 1.50 .221

Some college 185 (50.4%) 157 (54.5%) 9.02 .003

Income (1, 7)a 3.11 (2) 3.16 (2) 2.32 .128

Health problems (0, 11) 2.65 (2.08) 2.56 (1.95) 2.68 .103

Subjective health (1, 3.63)b 1.92 (0.41) 1.89 (0.39) 7.20 .008

Any sleep disturbancec 255 (69.5%) 205 (71.2%) 1.82 .177

Initial insomnia 114 (31.1%) 88 (30.6%) < 1 .689

Middle insomnia 183 (50.0%) 149 (51.9%) 1.95 .162

Terminal insomnia 145 (39.7%) 122 (42.7%) 4.74 .029

Pain (0.83, 5.33) 2.77 (1.03) 2.70 (1.01) 5.11 .024

Disability (6, 25.3) 9.93 (3.17) 9.68 (3.05) 8.45 .004

Depressive symptoms (0, 46) 9.70 (9.28) 9.31 (9.01) 2.47 .117

Note: Numbers in parentheses following variable names indicate observed range of scores on that scale or variable. All significance tests compared 

T1 subjects who completed T2 (N = 288) against those dropped out of the project (N = 79). For all χ2 values, df = 1. For all F values, df = 1, 365 
except as noted.

a
Figures are median and interquartile range

b
df = 1, 364

c
Rated 2 or higher on a 4-point scale; see text for details.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Parmelee et al. Page 15

T
ab

le
 2

Pa
in

, D
is

ab
ili

ty
 a

nd
 D

ep
re

ss
iv

e 
Sy

m
pt

om
s 

as
 a

 F
un

ct
io

n 
of

 D
em

og
ra

ph
ic

 C
ha

ra
ct

er
is

tic
s,

 H
ea

lth
 S

ta
tu

s,
 a

nd
 S

le
ep

 D
is

tu
rb

an
ce

P
ai

n1
D

is
ab

ili
ty

2
D

ep
re

ss
iv

e 
Sy

m
pt

om
s3

r
β

95
%

 C
I 

(β
)

r
β

95
%

 C
I 

(β
)

r
β

95
%

 C
I 

(β
)

D
em

og
ra

ph
ic

s

  Sex


.1
53

.1
95

d
.1

01
, .

28
9

.1
73

.1
98

d
.1

16
, .

27
9

.0
99

.1
14

a
.0

18
, .

20
9

  Race



−

.0
18

.0
56

−
.0

39
, .

15
1

.1
35

.0
26

−
.0

57
, .

10
8

−
.0

47
−

.0
83

e
.1

80
, .

01
3

  Education






−

.1
54

−
.0

73
−

.1
69

, .
02

3
−

.2
01

−
.0

96
a

−
.1

79
, −

.0
13

−
.1

45
−

.0
95

e
−

.1
93

, .
00

2

H
ea

lth
 s

ta
tu

s

  Health conditions











.1
85

−
.0

28
.1

36
, .

08
0

.4
43

.2
07

d
.1

14
, .

30
1

.2
14

.0
57

−
.0

52
, .

16
5

  Perceived health











.3
73

.3
75

d
.2

66
, .

48
4

.5
57

.4
63

d
.3

68
, .

55
7

.3
13

.2
59

d
.1

49
, .

37
0

Sl
ee

p 
di

st
ur

ba
nc

e
.1

82
.1

12
a

.0
18

, .
20

6
.1

06
−

.0
15

−
.0

98
, .

06
7

.2
71

.2
06

d
.1

10
, .

30
2

N
ot

e:
 A

ll 
co

ef
fi

ci
en

ts
 a

re
 f

in
al

 s
te

p 
of

 h
ie

ra
rc

hi
ca

l r
eg

re
ss

io
n 

m
od

el
. S

ee
 te

xt
 f

or
 d

et
ai

ls
. T

he
 c

oe
ff

ic
ie

nt
s 

re
po

rt
ed

 a
s 

“r
” 

ar
e 

Pe
ar

so
n 

pr
od

uc
t-

m
om

en
t c

oe
ff

ic
ie

nt
s.

 C
I 

=
 c

on
fi

de
nc

e 
in

te
rv

al
..

1 A
dj

us
te

d 
R

2  
=

 .1
88

, F
 (

6,
 3

59
) 

=
 1

5.
10

, p
 <

 .0
01

2 A
dj

us
te

d 
R

2  
=

 .3
97

, F
 (

6,
 3

59
) 

=
 3

9.
33

, p
 <

 .0
01

3 A
dj

us
te

d 
R

2  
=

 .1
64

, F
 (

6,
 3

59
) 

=
 1

.2
.9

5 
p 

<
 .0

01

a p 
<

 .0
5

b p 
<

 .0
1

c p 
<

 .0
05

d p 
<

 .0
01

e .0
5 

<
 p

 <
 .1

0

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 March 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Parmelee et al. Page 16

T
ab

le
 3

O
ne

-Y
ea

r 
C

ha
ng

e 
in

 P
ai

n,
 D

is
ab

ili
ty

 a
nd

 D
ep

re
ss

iv
e 

Sy
m

pt
om

s 
as

 a
 F

un
ct

io
n 

of
 D

em
og

ra
ph

ic
 C

ha
ra

ct
er

is
tic

s,
 H

ea
lth

 S
ta

tu
s,

 a
nd

 S
le

ep
 D

is
tu

rb
an

ce

P
ai

n1
D

is
ab

ili
ty

2
D

ep
re

ss
iv

e 
Sy

m
pt

om
s3

r
β

95
%

 C
I 

(β
)

r
β

95
%

 C
I 

(β
)

r
β

95
%

 C
I 

(β
)

    
T

im
e 

1 
st

at
us

.6
64

.6
03

d
.5

10
, .

69
6

.7
68

.6
33

d
.5

41
, .

72
4

.6
82

.6
11

d
.5

21
, .

70
1

D
em

og
ra

ph
ic

s

  Sex


.1
51

.0
29

−
.0

56
, .

11
4

.2
16

.0
79

a
.0

05
, .

15
2

.0
82

.0
28

−
.0

55
, .

11
2

  Race



.0

07
−

.0
48

.1
33

, .
03

7
.0

29
−

.0
38

−
.1

09
, .

03
2

−
.0

22
−

.0
12

−
.0

96
, .

07
2

  Education






−

.1
36

−
.0

42
−

.1
28

, .
04

4
−

.2
86

−
.1

44
c

−
.2

16
, .

07
2

−
.1

77
−

.0
65

−
.1

49
, .

02
0

H
ea

lth
 s

ta
tu

s

  Health conditions











.3
18

.1
98

d
.1

02
, .

29
4

.4
48

.0
98

a
.0

15
, .

18
2

.2
07

.0
52

−
.0

43
, .

14
8

  Perceived health











.3
69

.0
42

−
.0

60
, .

14
4

.5
01

.0
74

.0
17

, .
16

5
.2

97
.0

43
−

.0
56

, .
14

3

Sl
ee

p 
di

st
ur

ba
nc

e
.1

79
.0

54
−

.0
31

, .
13

9
.2

03
.1

14
c

.0
43

, .
18

5
.3

15
.1

58
d

.0
72

, .
24

3

N
ot

e:
 A

ll 
co

ef
fi

ci
en

ts
 a

re
 S

te
p 

3 
of

 h
ie

ra
rc

hi
ca

l r
eg

re
ss

io
n 

m
od

el
. S

ee
 te

xt
 f

or
 d

et
ai

ls
. T

he
 c

oe
ff

ic
ie

nt
s 

re
po

rt
ed

 a
s 

“r
” 

ar
e 

Pe
ar

so
n 

pr
od

uc
t-

m
om

en
t c

oe
ff

ic
ie

nt
s.

 C
I 

=
 c

on
fi

de
nc

e 
in

te
rv

al
.

1 A
dj

us
te

d 
R

2  
=

 .4
85

, F
 (

7,
 2

79
) 

=
 3

9.
50

, p
 <

 .0
01

2 A
dj

us
te

d 
R

2  
=

 .6
39

, F
 (

7,
 2

79
) 

=
 7

3.
20

, p
 <

 .0
01

3 A
dj

us
te

d 
R

2  
=

 .4
92

, F
 (

7,
 2

79
) 

=
 4

0.
54

, p
 <

 .0
01

a p 
<

 .0
5

b p 
<

 .0
1

c p 
<

 .0
05

d p 
<

 .0
01

e .0
5 

<
 p

 <
 .1

0

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 March 01.


