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Abstract
OBJECTIVE—While depressive symptoms and knee pain are independently known to impede
daily walking in older adults, it is unknown whether positive affect promotes daily walking. This
study investigated this association among adults with knee osteoarthritis (OA) and examined
whether knee pain modified this association.

DESIGN—Cross-sectional analysis of the Multicenter Osteoarthritis Study. We included 1018
participants (mean age 63.1 ± 7.8 years, 60% female) who had radiographic knee OA and had
worn a StepWatch monitor to record steps/day. High- and low- positive affect, and depressive
symptoms were based on the Center for Epidemiologic Studies-Depression Scale. Knee pain was
categorized as present in respondents who reported pain on most days at both a clinic visit and a
telephone screen.

RESULTS—Compared to respondents with low positive affect (27% of respondents), those with
high positive affect (63%) walked similar steps/day while those with depressive symptoms (10%)
walked less (adjusted beta coefficients = −32.6 [−458.9, 393.8] and −579.1 [−1274.9, 116.7],
respectively). There was a statistically significant interaction of positive affect by knee pain (p=
0.0045). Among respondents with knee pain (39%), those with high positive affect walked
significantly more steps/day (711.0 [55.1, 1366.9]) than those with low positive affect.

CONCLUSION—High positive affect was associated with more daily walking among adults with
painful knee OA. Positive affect may be an important psychological factor to consider to promote
physical activity among people with painful knee OA.
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INTRODUCTION
Walking is the most common means by which older adults stay physically active(1) and can
reduce the risk of cardiovascular disease and other adverse health outcomes.(2) Daily
walking, or the number of steps one takes per day, can be difficult for older adults with knee
osteoarthritis (OA), given that knee OA is the leading cause of functional limitation.(3)
While knee pain is considered the primary reason for limited walking among older adults
with knee OA,(4) psychological factors, notably depressive symptoms, are also associated
with decreased physical activity in this population.(5)

Among older adults, depressed persons have more limitations with physical functioning(6)
and lower levels of physical activity(7) than non-depressed persons. However, the absence
of depressive symptoms may not be sufficient to promote daily walking. Rather, high
positive affect, i.e. the absence of depressive symptoms coupled with a sense of emotional
well-being or a positive attitude, may be a determining factor. Positive affect is associated
with faster walking speed,(8-10) and with lower rates of frailty and mortality in older adults.
(11) Nevertheless, the relationship between positive affect and daily walking is not known.
Understanding this association is important. People with knee OA commonly have
insufficient levels of physical activity(2) and the identification of factors that may promote
daily walking and physical activity in general is needed.

The association of positive affect with daily walking in adults with knee OA may also differ
depending on the presence of knee pain. Knee pain is common, prevalent in 20 to 25% of
Americans over the age of 60.(12) The amount of daily walking varies among people with
the same amount of knee pain, with some walking more than others.(13) Positive affect may
be one reason for this variation. In particular, persons with knee pain may need to draw on
psychological resources, such as high positive affect, to continue daily walking habits. In
contrast, positive affect may be less important for maintaining daily walking habits among
OA patients without knee pain. For these individuals, obstacles to daily walking may be
more related to lifestyle preferences, scheduling, environmental and policy influences found
to be associated with physical activity in the general population.(14, 15)

The current study investigated the association of positive affect with daily walking in a
large, multi-site sample of people with knee OA. We hypothesized that respondents with
high positive affect would walk more per day than those with low positive affect. Moreover,
we hypothesized the association between positive affect and daily walking would be
stronger among respondents with knee pain compared with those without knee pain.

METHOD
Sample

The study sample consisted of participants in the Multicenter Osteoarthritis (MOST) Study,
a large multi-site longitudinal cohort study of community-dwelling adults, aged 50-79 years,
who have or are at high risk of knee OA.(16) The MOST sample was recruited from two
communities, Birmingham, Alabama and Iowa City, Iowa, through mass letter mailings,
study brochures, and media and community outreach programs. Inclusion criteria included
the presence of known risk factors for knee OA, including being over age 50, female gender,
previous knee injury or operation, and body weight higher than the median weight for each
age- and sex-specific group, based on data from the Framingham OA Study.(17)
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Daily Walking Subsample
The present cross-sectional study utilized data from 60-month follow-up exam, conducted
between May 2009 and January 2011, since objective data on daily walking was only
collected at this visit. The sample for these analyses was restricted to participants with knee
OA based on radiographic findings in either Tibiofemoral (TF) or Patellofemoral (PF) joints.
For the TF joint, this was a Kellgren and Lawrence grade ≥ 2, and for the PF joint, an
osteophyte score ≥ 2, or any joint space narrowing score ≥ 2 with any osteophyte, sclerosis,
or cyst score of ≥ 1 on a lateral plain view film.(18, 19) Furthermore, we restricted our
sample to those participants who wore a StepWatch monitor with a minimum of 3 days of
valid walking data since previous studies have found this to be the minimum number of days
needed for a reliable estimate of physical activity.(20, 21)

The MOST study protocol was approved by the institutional review boards at the University
of Iowa in Iowa City, University of California in San Francisco, University of Alabama in
Birmingham, and Boston University Medical Center.

Independent Variables
Positive Affect—Positive affect was based on the Center for Epidemiologic Studies
Depression Scale (CESD) (22) following previously published methodology.(10, 23) In
brief, the 20-item CES-D scale includes a positive affect factor, comprised of four positively
worded items: “I felt that I was just as good as other people,” “I felt hopeful about the
future,” “I was happy,” and “I enjoyed life”. Participants were grouped into three mutually-
exclusive categories: ‘depressive symptoms,’ ‘low positive affect,’ or ‘high positive affect’.
Depressive symptoms were defined as an overall CES-D score of 16 or more irrespective of
the number of positive items participants reported, which is the traditional cutpoint for
depressive symptoms. Respondents with overall CES-D scores less than 16 were categorized
as ‘low positive affect’ if they reported experiencing no more than 2 of the positive affect
items ‘most of the time in the previous week’. We classified respondents with ‘high positive
affect’ if they reported experiencing 3 or 4 of items ‘most of the time in the previous week’.
Thus, no one categorized with high or low positive affect could have depressive symptoms
(CES-D ≥16).

Outcome
Daily Walking—We measured daily walking with a StepWatch monitor, which is a small
(70 × 50 × 20 mm; 38 g), waterproof, self-contained device that is worn on the ankle and
records the number of steps taken every minute, while providing no feedback to the user.
The StepWatch has high concurrent validity in comparison with several standard measures
of step frequency in older adults and high convergent validity when compared with SF-36
scores among participants with OA.(24)

Following collection of data at the clinic visit where positive affect and other study variables
were collected, each study participant was fitted with the StepWatch and provided written
and verbal instructions for attaching the monitor each morning and removing it at bedtime
for 7 consecutive days (plus part of the day that the participant received the device and the
day it was returned). To determine whether participants wore the monitor long enough to be
counted as a full day, we adopted a published method for processing accelerometry data(25)
and defined ten hours of monitoring as the minimum amount of time needed for a full
monitored day. The ten hour requirement represents more than 66% of waking hours and has
been utilized as a threshold in studies of physical activity in the general adult population(26)
and people with knee OA.(25) Time worn was counted from the first step recorded in the
morning to the last step recorded in the evening. To exclude times participants may have
taken the StepWatch off during the day, we omitted times where the monitor registered no
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steps for 180 consecutive minutes during the day.(25, 27) Finally, we restricted our sample
to those participants who had a minimum of 3 days of valid data since previous studies have
found this to be the minimum number of days needed for a reliable estimate of physical
activity.(20, 21)

We quantified walking as the average number of steps/day. We calculated steps/day by
totaling the number of steps taken each valid day of monitoring divided by the number of
valid days.

Knee Pain
Subjects were asked about knee pain at a telephone screen and again at the clinic visit.(28)
In particular, subjects were asked “During the past 30 days, have you had pain, aching, or
stiffness in your knee on most days?” These two timepoints were seprated by a median of 33
days. Subjects who responded “yes” to this question at both visits were defined as having
knee pain.

Other covariables—The following factors were treated as potential confounders based on
their association with function in previous studies(29-31): age, sex, race (White, other),
living situation (alone or with someone), education (<some college,≥college), Body Mass
Index (BMI) computed from standardized weight and height assessments classified into
World Health Organization categories(32), severity of knee pain measured from a visual
analogue scale with 0 and 100 as endpoints, knee strength determined from the mean of four
isokinetic knee extensor torque repetitions at 60 deg/sec (Cybex Inc. Medway, MA)
categorized by strength of the stronger knee into sex-specific and weight adjusted quartiles,
self-reported comorbidities based on the modified Charlson comorbidity index(33) (none/
≥1), and widespread pain (absent/present), defined by the American College of
Rheumatology as pain above and below the waist, pain on the right and left sides of the
body, and back pain using subject marked pain patterns on a figure of the human body.(34)

Analysis
We compared characteristics of participants with different levels of positive affect by
performing t-tests for continuous covariables and chi-square tests for categorical
covariables. Next, we examined levels of daily walking by using descriptive statistics. To
examine the association of positive affect with daily walking, we calculated the mean
number of steps for those with high positive affect, low positive affect, and depressive
symptoms, and their 95% confidence intervals (CI) using multivariable linear regression
adjusting for potential confounders which is equivalent to an analysis of covariance. We
designated low positive affect as a reference to examine the association of low and high
positive affect, i.e. those without depressive symptoms, with daily walking. To examine if
this association differed by knee pain, we examined the interaction of positive affect and
knee pain with daily walking. We then repeated analyses stratified by knee pain and adjusted
for potential confounders. We confirmed that was normally distributed from visual
inspection of steps per day in the sample. We assessed whether each covariable was a
potential confounder by determining whether its addition to the regression model, containing
only the positive affect variable, changed the association between positive affect with daily
walking by 10% or more.(35) The following variables were evaluated as potential
confounders: race, education, strength, comorbidity, and widespread pain. All of these
covariables met criteria for a confounder and were included along with age, sex, BMI, site
(Alabama/Iowa), and knee pain severity in multivariable linear models.
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RESULTS
Of the 2330 participants who completed the 60-month clinic visit, 1345 had radiographic
knee OA and were eligible for the study. Of these participants, 83% (1116) received a
StepWatch and 93% wore it for at least 3 days (1018) and were included in analyses. Of the
229 who did not receive a StepWatch, 72% refused, 16% had medical or physical
impairments preventing use, 7% there was no device available, and 5% for other reasons.
The majority participants included in the study were women (60%) and white (89%) (Table
1). Their mean age was 63.1 (sd=7.8) years, and mean BMI was 31.7 (6.3) kg/m2.
Generally, participants who were not included were more likely to have worse health
indicators (higher BMI, less strength, widespread pain, more knee pain, and higher CES-D
scores) compared to participants included in analyses.(Table 1) The average (sd) number of
steps taken per day was 8394.5 (3469.0) with an interquartile range of 5888 to 10359.

Association of positive affect with daily walking
Respondents with high positive affect walked the greatest number of steps per day (mean=
8560.3, sd = 3317.5), followed by respondents with low positive affect (mean = 8401.8, sd=
3864.2) and those with depressive symptoms (mean= 7305.9, sd= 3083.9). In unadjusted
analyses, respondents with high positive affect walked an average of 158.5 more steps per
day compared with those with low positive affect, though this was not statistically
significant. Those with depressive symptoms walked 1059.9 fewer steps per day, on
average, which was statistically significant. After adjusting for confounders, high positive
affect was not associated with walking more steps per day and depressive symptoms were
associated with walking about 579 fewer steps per day, compared with those with low
positive affect, though this difference was not statistically significant. (Table 2)

Association of positive affect with daily walking stratified by knee pain
The interaction of positive affect by knee pain was statistically significant, p= 0.0045.
Approximately 39% of respondents reported knee pain. Among these respondents, those
with high positive affect walked 1157.7 more steps per day, which was statistically
significant, and those with depressive symptoms walked 59.5 fewer steps per day, which
was not statistically significant compared with respondents with low positive affect. After
adjusting for confounders including knee pain severity, high positive affect remained
significantly associated with walking over 700 steps per day more than respondents with low
positive affect.

Among respondents without knee pain, high positive affect was not associated with daily
walking in adjusted analyses. Participants with depressive symptoms walked 1197 fewer
steps per day compared with those with low positive affect, which was statistically
significant after adjustment for confounders. (Table 3)

DISCUSSION
We found that positive affect was not associated with more daily walking among adults with
knee OA overall. However in the presence of knee pain, respondents with high positive
affect walked 711 more steps per day compared with those with low positive affect,
representing about 8.5% more steps from a mean of 8400 steps per day. Increasing daily
walking by this amount is clinically meaningful as it could mean attaining a higher level of
physical activity based on pedometer-determined physical activity indices (e.g. being
sedentary or at a low active level of physical activity)(36). In contrast, respondents without
knee pain walked a similar amount per day whether or not they had high or low positive
affect. These findings suggest that the absence of depressive symptoms may not suffice to
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promote daily walking in people with knee pain. Rather high positive affect is an important
psychological feature associated with daily walking and may be needed to increase daily
walking among people with both knee OA and knee pain.

Our findings highlight that knee pain modifies the relationship between positive affect and
walking among adults with knee OA. Positive psychological factors could be particularly
important when health is challenged, and may be why positive affect was associated with
daily walking in respondents with knee pain, as opposed to those without knee pain. These
findings support the ‘broaden and build’ theory, which hypothesizes that persons with
positive affect are able to better marshal a broad range of physical and psychological
resources in response to stress compared to persons without positive affect.(37, 38) For
example, it may be that people with high positive affect are better able to cope to ‘work
through’ knee pain and achieve more daily walking compared to people with low positive
affect. However, given the cross-sectional nature of our study, we cannot determine the
temporal relationships between positive affect and walking; longitudinal studies are needed
to better understand this association.

Our results are consistent with previous observational studies that found protective effects
for positive affect with health related outcomes in older adults.(10, 11, 37) Evidence exists
that negative psychological attributes, such as fear-avoidance beliefs and catastrophizing,
influence functional outcomes in adults with low back pain .(39) Our findings extend this
research to positive psychological attributes influencing beneficial health behaviors among
adults with knee OA. These findings have important clinical implications. In contrast to
theories that view positive affect as a trait and therefore unlikely to be modifiable, recent
intervention studies have increased positive affect in persons with cardiopulmonary
disease(40) and with newly-diagnosed HIV.(41) Moreover, recent trials have shown that
interventions aimed at increasing positive affect resulted in increased physical activity in
people with asthma(42) and adults after percutaneous coronary intervention(43), as well as
increased adherence to medication in African Americans with hypertension.(44) These
studies suggest that people with OA could be taught techniques to increase positive affect
and other positive emotions, which might improve walking and other health behaviors, in
addition to psychological well-being.

We found that depressive symptoms were associated with less daily walking among
respondents without knee pain, which is consistent with previous studies.(45, 46) However,
we did not find this association among people with knee pain. One possible reason for this
was that walking overall decreased for people with knee pain, and there was little difference
in walking between those with low positive affect and depressive symptoms. For instance, in
crude analysis people with low positive affect walked 9168.5 steps/day without knee pain,
and 7383.8 steps/day with knee pain. For those with depressive symptoms, there was less
difference between those with and without knee pain. Hence, using persons with low
positive affect as the referent group may have led to larger observed differences in walking
in the group with depressive symptoms without knee pain, and smaller differences in the
group with depressive symptoms with knee pain. Nonetheless, the crude analyses showed
that persons with depressive symptoms walked less than other respondents in each subgroup,
suggesting that depressed persons with knee OA walk less than other respondents, regardless
of the amount of knee pain.

The observed step counts in this sample were comparable to previous studies in older adults
measured with a StepWatch. For instance, Cavanaugh et al reported an average of 9981
steps/day among healthy older adults and 7681 steps/day among older adults with self
reported functional limitations.(47) Our sample took on average 8395 steps per day, fitting
between the healthy and functionally limited groups. This result was expected given that our
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sample was comprised of respondents with and without functional limitation.(48)
Furthermore, it is important to note that step/day collected in our study cannot be easily
compared with previous studies utilizing pedometers. Pedometers are known to
underestimate the number of steps taken at slow speeds up to 33% compared with a
StepWatch.(49) Hence, step counts in our study are higher than those reported for
pedometer-based studies.

Limitations of our study should be acknowledged. First, 24% of the MOST study cohort
with radiographic knee OA who attended the 60-month visit chose not to wear the
accelerometer or had insufficient data for these analyses. Those included in our study were
more likely to have better health indicators compared to those not included in the analysis.
Hence, our study findings may have limited generalizability to all people with knee OA.
Second, we defined the presence of knee pain using the presence of pain at two time points,
a clinic visit and a preceding telephone screen. We performed a sensitivity analysis defining
knee pain using severity measured on a Visual Analogue Scale with a cut-point of 10/100,
and found similar results. Furthermore, we repeated analysis including all study participants,
irrespective of whether they had radiographic knee OA, and found similar results among
those with knee pain defined both ways. Third, in addition to knee pain, lower body pain at
the feet, ankles, or hips can also alter daily walking. Though we adjusted for widespread
pain in our analyses, this may not fully account for lower body pain. We performed a
sensitivity analysis adjusting for the presence of lower body pain and found similar results.
Fourth, participants may have changed daily walking habits with the knowledge that their
habitual walking was being recorded. Previous research suggests that this “testing effect” is
greatest when participants wear an unsealed monitor, i.e., when participants are aware of
how many steps are being recorded.(50) We believe any increases in daily walking due to a
testing effect were minimized since the StepWatch did not display recorded data to study
participants. Fifth, other measures of positive affect exist,(51) however these measures were
not available within the MOST 60 month exam. Using questions from the CES-D has been
found to be a valid measure of positive affect(52) and has been employed as such in
previous studies.(10, 37) Lastly, our study was cross-sectional, which precluded inferring
causality from our findings.

Despite these limitations, our study had several important implications. Our findings support
the notion that positive affect is associated with daily walking, though this association
appears dependent on the presence of knee pain. Furthermore, people with high positive
affect and low positive affect walk considerably more if they do not have knee pain. Thus, in
the context of knee pain, high positive affect enhances walking among persons with knee
pain. Thus, future research examining the association of psychological health with physical
activity or other health outcomes in older adults should consider the effect of pain as a
potential modifier.

In conclusion, we found that high positive affect was associated with daily walking among
adults with knee OA and knee pain. Given that physical activity is recommended to reduce
the risk of poor health outcomes in adults, it is important to identify factors such as high
positive affect, to promote an active lifestyle. Our findings suggest that the absence of
depressive symptoms may not be enough to promote daily walking and that high positive
affect may be an important factor among older adults with knee pain. Longitudinal studies
are needed to investigate the temporal relationship between positive affect and daily walking
among older adults.

White et al. Page 7

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Acknowledgments
This study was supported by the following grants: NIH AG18820, AG 18832, AG 18947, AG 19069, AR007598,
NIH AR47885, R01 AG18037, R01 AG028144, R01 AG028556;R21 AT002959, NIAMS K23AR055127, ACR/
REF Rheumatology Investigator Award, Arthritis Foundation Arthritis Investigator Award, Boston Claude D.
Pepper Older Americans Independence Center (P30-AG031679), and the Foundation for Physical Therapy
Geriatric Research Grant

REFERENCES
1. Simpson ME, Serdula M, Galuska DA, Gillespie C, Donehoo R, Macera C, et al. Walking trends

among U.S. adults: the Behavioral Risk Factor Surveillance System, 1987-2000. Am J Prev Med.
2003; 25(2):95–100. [PubMed: 12880875]

2. Hootman JM, Macera CA, Ham SA, Helmick CG, Sniezek JE. Physical activity levels among the
general US adult population and in adults with and without arthritis. Arthritis Rheum. 2003; 49(1):
129–35. [PubMed: 12579604]

3. Guccione AA, Felson DT, Anderson JJ, Anthony JM, Zhang Y, Wilson PW, et al. The effects of
specific medical conditions on the functional limitations of elders in the Framingham Study. Am J
Public Health. 1994; 84(3):351–8. [PubMed: 8129049]

4. Ling SM, Fried LP, Garrett ES, Fan MY, Rantanen T, Bathon JM. Knee osteoarthritis compromises
early mobility function: The Women’s Health and Aging Study II. J Rheumatol. 2003; 30(1):114–
20. [PubMed: 12508399]

5. Scopaz KA, Piva SR, Wisniewski S, Fitzgerald GK. Relationships of fear, anxiety, and depression
with physical function in patients with knee osteoarthritis. Arch Phys Med Rehabil. 2009; 90(11):
1866–73. [PubMed: 19887210]

6. Penninx BW, Guralnik JM, Ferrucci L, Simonsick EM, Deeg DJ, Wallace RB. Depressive
symptoms and physical decline in community-dwelling older persons. Jama. 1998; 279(21):1720–6.
[PubMed: 9624025]

7. Ku PW, Fox KR, Chen LJ. Physical activity and depressive symptoms in Taiwanese older adults: a
seven-year follow-up study. Prev Med. 2009; 48(3):250–5. [PubMed: 19297687]

8. Ekkekakis P, Backhouse SH, Gray C, Lind E. Walking is popular among adults but is it pleasant? A
framework for clarifying the link between walking and affect as illustrated in two studies.
Psychology of Sport and Exercise. 2008; 9(3):246–64.

9. Ekkekakis P, Hall EE, VanLanduyt LM, Petruzzello SJ. Walking in (affective) circles: can short
walks enhance affect? J Behav Med. 2000; 23(3):245–75. [PubMed: 10863677]

10. Fredman L, Hawkes WG, Black S, Bertrand RM, Magaziner J. Elderly patients with hip fracture
with positive affect have better functional recovery over 2 years. J Am Geriatr Soc. 2006; 54(7):
1074–81. [PubMed: 16866678]

11. Ostir GV, Ottenbacher KJ, Markides KS. Onset of frailty in older adults and the protective role of
positive affect. Psychol Aging. 2004; 19(3):402–8. [PubMed: 15382991]

12. Andersen RE, Crespo CJ, Ling SM, Bathon JM, Bartlett SJ. Prevalence of significant knee pain
among older Americans: results from the Third National Health and Nutrition Examination
Survey. J Am Geriatr Soc. 1999; 47(12):1435–8. [PubMed: 10591238]

13. Thomas SG, Pagura SM, Kennedy D. Physical activity and its relationship to physical performance
in patients with end stage knee osteoarthritis. J Orthop Sports Phys Ther. 2003; 33(12):745–54.
[PubMed: 14743988]

14. Strazdins L, Broom DH, Banwell C, McDonald T, Skeat H. Time limits? Reflecting and
responding to time barriers for healthy, active living in Australia. Health Promot Int. 2011; 26(1):
46–54. [PubMed: 20952445]

15. Addy CL, Wilson DK, Kirtland KA, Ainsworth BE, Sharpe P, Kimsey D. Associations of
perceived social and physical environmental supports with physical activity and walking behavior.
Am J Public Health. 2004; 94(3):440–3. [PubMed: 14998810]

16. Felson DT, Niu J, Guermazi A, Roemer F, Aliabadi P, Clancy M, et al. Correlation of the
development of knee pain with enlarging bone marrow lesions on magnetic resonance imaging.
Arthritis Rheum. 2007; 56(9):2986–92. [PubMed: 17763427]

White et al. Page 8

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



17. Felson DT, Anderson JJ, Naimark A, Walker AM, Meenan RF. Obesity and knee osteoarthritis.
The Framingham Study. Ann Intern Med. 1988; 109(1):18–24. [PubMed: 3377350]

18. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann Rheum Dis. 1957;
16(4):494–502. [PubMed: 13498604]

19. Felson DT, McAlindon TE, Anderson JJ, Naimark A, Weissman BW, Aliabadi P, et al. Defining
radiographic osteoarthritis for the whole knee. Osteoarthritis Cartilage. 1997; 5(4):241–50.
[PubMed: 9404469]

20. Trost SG, McIver KL, Pate RR. Conducting accelerometer-based activity assessments in field-
based research. Med Sci Sports Exerc. 2005; 37(11 Suppl):S531–43. [PubMed: 16294116]

21. Mudge S, Taylor D, Chang O, Wong R. Test-retest reliability of the StepWatch Activity Monitor
outputs in healthy adults. J Phys Act Health. 2010; 7(5):671–6. [PubMed: 20864764]

22. Radloff L. The CES-D Scale: A Self-Report Depression Scale for Research in the General
Population. Applied Psychological Measurement. 1977; 1:385–401.

23. Ostir GV, Goodwin JS, Markides KS, Ottenbacher KJ, Balfour J, Guralnik JM. Differential effects
of premorbid physical and emotional health on recovery from acute events. J Am Geriatr Soc.
2002; 50(4):713–8. [PubMed: 11982673]

24. Resnick B, Nahm ES, Orwig D, Zimmerman SS, Magaziner J. Measurement of activity in older
adults: reliability and validity of the Step Activity Monitor. J Nurs Meas. 2001; 9(3):275–90.
[PubMed: 11881269]

25. Song J, Semanik P, Sharma L, Chang RW, Hochberg MC, Mysiw WJ, et al. Assessing physical
activity in persons with knee osteoarthritis using accelerometers: data from the osteoarthritis
initiative. Arthritis Care Res (Hoboken). 2010; 62(12):1724–32. [PubMed: 20806273]

26. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical activity in the
United States measured by accelerometer. Med Sci Sports Exerc. 2008; 40(1):181–8. [PubMed:
18091006]

27. King WC, Li J, Leishear K, Mitchell JE, Belle SH. Determining activity monitor wear time: an
influential decision rule. J Phys Act Health. 2011; 8(4):566–80. [PubMed: 21597130]

28. Neogi T, Nevitt MC, Yang M, Curtis JR, Torner J, Felson DT. Consistency of knee pain: correlates
and association with function. Osteoarthritis Cartilage. 2010; 18(10):1250–5. [PubMed: 20708003]

29. Guccione AA, Felson DT, Anderson JJ. Defining arthritis and measuring functional status in
elders: methodological issues in the study of disease and physical disability. Am J Public Health.
1990; 80(8):945–9. [PubMed: 2368855]

30. Jordan J, Luta G, Renner J, Dragomir A, Hochberg M, Fryer J. Knee pain and knee osteoarthritis
severity in self-reported task specific disability: the Johnston County Osteoarthritis Project. J
Rheumatol. 1997; 24(7):1344–9. [PubMed: 9228135]

31. Sharma L, Cahue S, Song J, Hayes K, Pai YC, Dunlop D. Physical functioning over three years in
knee osteoarthritis: role of psychosocial, local mechanical, and neuromuscular factors. Arthritis
Rheum. 2003; 48(12):3359–70. [PubMed: 14673987]

32. WHO. WHO Technical Report Series 894. World Health Organization; Geneva: 2000. Obesity:
preventing and managing the global epidemic. Report of a WHO Consultation.

33. Katz JN, Chang LC, Sangha O, Fossel AH, Bates DW. Can comorbidity be measured by
questionnaire rather than medical record review? Med Care. 1996; 34(1):73–84. [PubMed:
8551813]

34. Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombardier C, Goldenberg DL, et al. The
American College of Rheumatology 1990 Criteria for the Classification of Fibromyalgia. Report
of the Multicenter Criteria Committee. Arthritis Rheum. 1990; 33(2):160–72. [PubMed: 2306288]

35. Rothman, K.; Greenland, S. Modern Epidemiology. Second ed. Lippincott Williams and Wilkins;
Philadelphia: 1998.

36. Tudor-Locke C, Bassett DR Jr. How many steps/day are enough? Preliminary pedometer indices
for public health. Sports Med. 2004; 34(1):1–8. [PubMed: 14715035]

37. Park-Lee E, Fredman L, Hochberg M, Faulkner K. Positive affect and incidence of frailty in
elderly women caregivers and noncaregivers: results of Caregiver-Study of Osteoporotic
Fractures. J Am Geriatr Soc. 2009; 57(4):627–33. [PubMed: 19392954]

White et al. Page 9

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



38. Fredrickson BL. The role of positive emotions in positive psychology. The broaden- and-build
theory of positive emotions. Am Psychol. 2001; 56(3):218–26. [PubMed: 11315248]

39. Main CJ, Foster N, Buchbinder R. How important are back pain beliefs and expectations for
satisfactory recovery from back pain? Best Pract Res Clin Rheumatol. 2010; 24(2):205–17.
[PubMed: 20227642]

40. Charlson ME, Boutin-Foster C, Mancuso CA, Peterson JC, Ogedegbe G, Briggs WM, et al.
Randomized controlled trials of positive affect and self-affirmation to facilitate healthy behaviors
in patients with cardiopulmonary diseases: rationale, trial design, and methods. Contemp Clin
Trials. 2007; 28(6):748–62. [PubMed: 17459784]

41. Moskowitz JT, Hult JR, Duncan LG, Cohn MA, Maurer SA, Bussolari C, et al. A Positive Affect
Intervention for People Experiencing Health-Related Stress:Development and non-Randomized
Pilot Test. J Health Psychol. 2011

42. Mancuso CA, Choi TN, Westermann H, Wenderoth S, Hollenberg JP, Wells MT, et al. Increasing
Physical Activity in Patients With Asthma Through Positive Affect and Self-affirmation: A
Randomized Trial. Arch Intern Med. 2012

43. Peterson JC, Charlson ME, Hoffman Z, Wells MT, Wong SC, Hollenberg JP, et al. Randomized
Controlled Trial of Positive Affect Induction to Promote Physical Activity After Percutaneous
Coronary Intervention. Arch Intern Med. 2012

44. Ogedegbe GO, Boutin-Foster C, Wells MT, Allegrante JP, Isen AM, Jobe JB, et al. A Randomized
Controlled Trial of Positive-Affect Intervention and Medication Adherence in Hypertensive
African Americans. Arch Intern Med. 2012

45. Salguero A, Martinez-Garcia R, Molinero O, Marquez S. Physical activity, quality of life and
symptoms of depression in community-dwelling and institutionalized older adults. Arch Gerontol
Geriatr. 2010

46. Perrino T, Mason CA, Brown SC, Szapocznik J. The relationship between depressive symptoms
and walking among Hispanic older adults: a longitudinal, cross-lagged panel analysis. Aging Ment
Health. 2010; 14(2):211–9. [PubMed: 20336553]

47. Cavanaugh JT, Coleman KL, Gaines JM, Laing L, Morey MC. Using step activity monitoring to
characterize ambulatory activity in community-dwelling older adults. J Am Geriatr Soc. 2007;
55(1):120–4. [PubMed: 17233695]

48. White DK, Zhang Y, Felson DT, Niu J, Keysor JJ, Nevitt MC, et al. The independent effect of pain
in one versus two knees on the presence of low physical function in a multicenter knee
osteoarthritis study. Arthritis Care Res (Hoboken). 2010; 62(7):938–43. [PubMed: 20191572]

49. Tyo BM, Fitzhugh EC, Bassett DR Jr. John D, Feito Y, Thompson DL. Effects of body mass index
and step rate on pedometer error in a free-living environment. Med Sci Sports Exerc. 2011; 43(2):
350–6. [PubMed: 20543755]

50. Clemes SA, Parker RA. Increasing our understanding of reactivity to pedometers in adults. Med
Sci Sports Exerc. 2009; 41(3):674–80. [PubMed: 19204581]

51. Watson D, Clark LA, Tellegen A. Development and validation of brief measures of positive and
negative affect: the PANAS scales. J Pers Soc Psychol. 1988; 54(6):1063–70. [PubMed: 3397865]

52. Schroevers MJ, Sanderman R, van Sonderen E, Ranchor AV. The evaluation of the Center for
Epidemiologic Studies Depression (CES-D) scale: Depressed and Positive Affect in cancer
patients and healthy reference subjects. Qual Life Res. 2000; 9(9):1015–29. [PubMed: 11332223]

White et al. Page 10

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



SIGNIFICANCE AND INNOVATION

• Among persons with knee pain, those with high positive affect walked more
steps/day compared with those with low positive affect.

• The absence of depressive symptoms alone may not be enough to encourage
daily walking among people with symptomatic knee osteoarthritis, rather
positive affect should be considered
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Table 1

Summary baseline characteristics of participants included and not included in analyses

Participants
included
(n=1018)

Participants
not included

(n=325)
p-value

Age in years [Mean (sd)] 63.1 (7.8) 63.0 (8.1) 0.81

Female [%] 60 68 0.009

White [%] 89 64 <0.0001

Living situation [% lives alone] 19 25 0.01

Education [% with at least
some college] 43 43 0.96

BMI [kg/m] [Mean (sd)] 31.7 (6.3) 33.4 (7.4) 0.0006

Strength [Nm/kg] 0.95 (0.40) 0.84 (0.38) 0.006

No Comorbidity [%] 54 49 0.14

Widespread pain [%] 43 50 0.03

Site [% from Alabama vs Iowa] 39 85 <0.0001

Frequent knee pain [%] 41 49 0.02

Knee pain severity (VAS 0-100) [Mean (sd)] 23.7 (22.4) 32.9 (27.8) <0.0001

CES-D [Mean (sd)] 6.6 (6.8) 9.5 (8.6) <0.0001

  High Positive Affect [%] 63 52

  Low Positive Affect [%] 27 27

  Depressive Symptoms [%] 10 20

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 September 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

White et al. Page 13

Table 2

Association of Positive Affect with daily walking measured as the number of steps taken per day on average

n Mean steps per
day (sd) Beta [95% CI] Adjusted Beta [95% CI]

Positive Affect

  High Positive Affect 640 8560.3 (3317.5) 158.5 [−327.9, 644.9] −32.6 [−458.9, 393.8]

  Low Positive Affect 279 8401.8 (3864.2) Reference Reference

  Depressive Symptoms 99 7305.9 (3083.9) −1095.9 [−1889.0, −302.8] −579.1 [−1274.9, 116.7]

Age [10 year increase] −129.3 [−156.3, −102.3]

Sex [men vs women] 576.2 [189.7, 962.6]

Race [White vs non-White] 38.8 [−612.5, 690.1]

BMI

  ≤25 ‘healthy weight’ Reference

  25-30 ‘overweight’ −764.6 [−1400.1, −129.2]

  30-35 ‘obese class I’ −1826.2 [−2479.2, −1173.2]

  ≥35 ‘obese class II - III’ −3010.6 [−3708.3, −2312.9]

Comorbidity [≥1 vs none] −588.0 [−981.2, −194.9]

Knee extensor strength

  Strongest tertile Reference

  Middle tertile −361.2 [−901.7, −179.3]

  Weakest tertile −1066.6 [−1624.7, −508.6]

Knee Pain Severity [10 point increase] −14.7 [−23.7, −5.7]

Widespread pain [yes vs no] −232.3 [−163.6, 628.2]

Study Site [Iowa vs Alabama] 1125.1 [709.6, 1540.6]
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Table 3

Association of Positive Affect with daily walking stratified by people with and without knee pain*

n Mean steps per
day(sd)

Beta [95% CI] Adjusted Beta** [95% CI]

Knee pain n=393

  High Positive Affect 235 8541.5 (3268.0) 1157.7 [431.2, 1884.1] 711.0 [55.1, 1366.9]

  Low Positive Affect 109 7383.8 (3090.8) Reference Reference

  Depressive Symptoms 49 7324.3 (3007.3) −59.5 [−1137.7,1018.7] 85.2 [−871.6, 1042.1]

No knee pain n = 588

  High Positive Affect 367 8646.3 (3403.6) −514.7 [−1201.7, 172.3] −523.7 [−1129.0, 81.5]

  Low Positive Affect 151 9168.5 (4211.8) Reference Reference

  Depressive Symptoms 44 7405.1 (3277.1) −1755.9 [−2975.3, −536.6] −1196.7 [−2278.6, −114.8]

*
Knee pain was defined present in respondents who reported as pain on most days of the previous 30 days at the clinic visit and a telephone screen

30 days prior.

**
Adjusted for age, sex, race, BMI, comorbidity, knee extensor strength, knee pain severity, widespread pain, and study site.
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