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The evidence is clear that physical activity and 
exercise offer health benefits such as improve-
ments in cardiovascular risk factors, reduction of 
obesity and metabolic syndrome, and reduction 
in cancer risk. For individuals with arthritis, it 
also offers reductions in pain and improvements 
in function. In addition, a great deal of evidence 
indicates that physical activity improves mood 
and reduces the risk of depression and cognitive 
impairment. While the majority of the evidence 
comes from studies in the general population, a 
substantial body of literature also comes from 
studies of individuals with rheumatic diseases. 
This chapter will review the evidence linking 
physical activity and exercise to psychological 
and cognitive well-being and then present infor-
mation to help practitioners guide patients in ini-
tiating physical activity.

 Exercise, Physical Activity, Physical 
Inactivity, Sedentary Time

Most physical activity interventions in the general 
population and in rheumatology have used struc-
tured exerciseprograms as the intervention. These 
programs have varied in content (e.g.,  aerobic 

conditioning, resistance exercise, stretching), 
level of supervision (e.g., group setting or unsu-
pervised), location (e.g., community center, gym, 
home-based), intensity (low, moderate, or vigor-
ous activity), frequency (number of sessions per 
week), and duration (length of sessions and length 
of program), but have in common that the pro-
grams were defined. More recently, less struc-
tured programs have been developed with the 
intent of increasing physical activity. These pro-
grams often focus on walking.

Observational and epidemiologic studies of 
physical activity have previously relied primarily 
on self-report. While there are a number of vali-
dated and widely used self-report measures, there 
is a general tendency for people to over-report 
their activity and exercise time. Over the last 
decade or so, the use of accelerometers or other 
activity monitoring devices has become more 
common in research, reducing the need for self- 
report measures. These devices can provide data 
on the amount of activity and METs1 or kilocalo-
ries expended, and often have other features.

1 MET refers to “metabolic equivalent of task,” and is 
used to express the energy cost of physical activities. One 
MET is considered the energy required for quiet sitting. 
Sample values: sleeping (0.9 MET), walking at 2.5 mph 
(2.9 MET), pushing a stroller (4.0 MET), running at 
6 mph (9.8 MET), jumping rope (12.3 MET). These are 
average values; actual METs vary by age, sex, height, 
and body mass (Matthews et al., 2012). Activity is 
often expressed as MET minutes, representing the time 
expended at a certain level of activity.
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Some studies have shifted focus from physical 
activity toward examining the impact of physical 
inactivity, or lack of moderate-to-vigorous activity 
(MVA) (Matthews et al., 2012; Pate, O’Neill, & 
Lobelo, 2008), and sedentary, or “sitting,” time 
(Bankoski et al., 2011; Owen, Healy, Matthews, & 
Dunstan, 2010; Owen, Sparling, Healy, Dunstan, 
& Matthews, 2010; Pate et al., 2008). 
Epidemiologic studies of self-reported sitting time 
estimate that US adults spend an average of 4.7 h 
per day sitting (Harrington, Barreira, Staiano, & 
Katzmarzyk, 2014). Researchers acknowledge, 
however, that this is probably an underestimate. 
Unlike many unhealthy behaviors, sitting time is 
greater among individuals with more education, 
probably reflecting the prevalence of increasingly 
sedentary occupations as education increases. 
Sitting time includes TV viewing, time in cars, 
and, in some studies, computer time. There is 
compelling evidence that sedentary time is an 
independent risk for mortality, cardiovascular dis-
ease, obesity, metabolic syndrome, and cancer, 
even after accounting for MVA (Bankoski et al., 
2011; Matthews et al., 2012).

The Centers for Disease Control and 
Prevention (CDC) has defined minimum stan-
dards for physical activity to improve health and 
reduce risk of disease: 150 min/week of moderate-
to- vigorous activity, or 75 min/week of vigorous 
activity (http://www.cdc.gov/physicalactivity/
everyone/guidelines/adults.html). Moderate- 
intensity activities are those that require 3–6 
METs, or an individual would rate as a 5 or 6 on 
0–10 scale of intensity. Vigorous-intensity activi-
ties require >6 METs. Converting the CDC rec-
ommendations to MET minutes yields about 600 
MET minutes per week.

 Physical Activity Levels in People 
with Rheumatic Diseases

While exercise was once thought to exacerbate 
inflammation and disease activity, it has now been 
recognized as safe and has been recommended for 
individuals with rheumatic diseases for several 
decades (Bennell, Dobson, & Hinman, 2014; 
Bennell & Hinman, 2011; Hochberg et al., 2012; 

Iversen, Brawerman, & Iversen, 2012; Stenstrom 
& Minor, 2003). Until recently, the majority of 
research on exercise in rheumatic diseases has 
been conducted among people with osteoarthritis 
(OA) and rheumatoid arthritis (RA). Exercise is a 
cornerstone of the management of OA symptoms 
and is recommended in all clinical guidelines, 
regardless of disease severity, pain, and functional 
status (Bennell et al., 2014). A recent Cochrane 
review (Hurkmans, van der Giesen, Vliet Vlieland, 
Schoones, & Van den Ende, 2009) reported no del-
eterious effects of aerobic training for persons 
with RA and concluded that exercise should be 
recommended for them.

In spite of recommendations, studies among 
individuals with rheumatic diseases have typically 
found low levels of physical activity (Mancuso, 
Perna, Sargent, & Salmon, 2011; Mancuso, 
Rincon, Sayles, & Paget, 2007; Semanik, Wilbur, 
Sinacore, & Chang, 2004; Sokka et al., 2008; 
Volkmann et al., 2010). For example, the 
QUEST-RA study including 5235 rheumatoid 
arthritis patients from 21 countries found that only 
13.8 % reported exercise ≥3 times/week (Sokka 
et al., 2008). Inactivity was higher among women, 
persons who were older, had lower education, 
were obese, had comorbidities, or had low func-
tional capacity, high disease activity, pain, and 
fatigue. The Osteoarthritis Initiative (OAI), a large 
population-based study of people with or at risk of 
developing osteoarthritis, measured physical 
activity by accelerometer over 7 days and found 
that 45 % of 1908 adults were inactive, 42 % 
insufficiently active, and only 13 % met physical 
activity guidelines (≥150 min of MVA/week), a 
proportion similar to that found in QUEST-RA 
(Sun et al., 2014). These results were confirmed in 
a systematic review that concluded that only a 
small-to- moderate proportion of individuals with 
hip and knee OA met current physical activity 
guidelines (Wallis, Webster, Levinger, & Taylor, 
2013). Physical activity has been less studied in 
other rheumatic conditions, but existing data sug-
gest similar trends (Kaleth, Slaven, & Ang, 2014; 
Katz et al., 2012; Swinnen, Scheers, Lefevre, 
Dankaerts, & deVlam, 2014).

In contrast, CDC surveillance studies report 
that 48 % of US adults meet current physical 
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activity recommendations (http://www.cdc.gov/
physicalactivity/data/facts.html)—a rate that is 
disappointing, but is still higher than among indi-
viduals with arthritis. It is important to consider 
that the inflammatory backgrounds of some of 
the rheumatic diseases, such as rheumatoid 
arthritis (RA), as well as their treatments, may 
magnify the negative effects of inactivity.

 Psychological Impact of Physical 
Activity

Studies of physical activity and psychological 
well-being have focused predominantly on 
depression. These studies have used measures of 
depressive symptoms, such as the Centers for 
Epidemiological Studies Depression scale 
(CESD), Beck Depression Inventory (BDI), 
Geriatric Depression Scale (GDS), or Hospital 
Anxiety and Depression Scale (HADS), as the 
primary measure of mood. Scores are often used 
to define “depression.” Actual diagnostic inter-
views to identify depression are used less often. 
Measures of positive mood states are rarely 
examined. There is evidence that physical activ-
ity and exercise interventions are beneficial in 
alleviating symptoms of anxiety, as well as 
depression (Anderson & Shivakumar, 2013), but 
anxiety has received less attention in rheumatic 
conditions, so will not be addressed here. This 
section focuses on studies of depression or high 
levels of depressive symptoms, and will use the 
term “depression” to refer to depressive symp-
tom scores meeting cut points.

 Physical Activity and Depression

 General Population
Observational studies have consistently found an 
inverse relationship between physical activity 
and depression. Two recent examples are from 
large epidemiological studies. Researchers exam-
ined 10 years of data on 2891 women in the Study 
of Women’s Health Across the Nation (SWAN) 
and found an incremental effect of physical activ-
ity (Dugan, Bromberger, Segawa, Avery, & 

Sternfeld, 2015). Compared to women who were 
inactive, women with activity below the CDC 
guidelines had 20 % decreased risk of depression 
over 10 years; women who met the CDC physical 
activity guidelines had a 52 % decreased risk of 
depression. A study of men found similar trends 
(Sieverdes et al., 2012). Compared to an inactive 
group, men in the low (1–499 MET min/week of 
leisure physical activity), medium (500–999 
MET min/week), and high (≥1000 MET min/
week) groups were 24, 51, and 51 % less likely to 
be depressed. Most of the benefit was seen by 
attaining at least medium-intensity activity levels 
(i.e., ≥500 MET min/week), which is roughly 
consistent with CDC guidelines.

From a slightly different perspective, physical 
inactivityand sedentary behavior, particularly time 
spent watching TV, also contribute significant risk 
for depression (Bruundsgaard, 2005; Poole et al., 
2011; Teychenne, Ball, & Salmon, 2010a, 2010b; 
Vallance et al., 2011). Sui and colleagues exam-
ined the longitudinal relationship between seden-
tary behaviors, specifically TV time and time spent 
riding in a car, and depression in a group of almost 
5000 adults (Sui et al., 2015). Over a mean follow-
up period of 9.3 years, 15 % developed depres-
sion. After adjusting for a variety of baseline 
factors including MVA, more than 9 h/week in a 
car (compared to <5 h), more than 10 h per week 
of TV time (compared to ≤5 h), and more than 19 
h of combined TV and car time yielded 28 %, 52 
%, and 74 % increased risk of depression, respec-
tively (Fig. 13.1). There was an important caveat 
to these findings—the increased risk was much 
greater among people who did not meet the rec-
ommended physical activity guidelines. In other 
words, adequate levels of MVA offered some pro-
tection from the potentially deleterious effects of 
sedentary behavior.

The evidence for sedentary time for computer 
and internet use is somewhat mixed, suggesting 
that such time may not be a strong risk factor for 
depression. There may also be a circular pattern 
between sedentary time and depression. Not only 
does sedentary time appear to increase the risk of 
depression, but depression may lead to further 
increases in sedentary time (Teychenne, Abbott, 
Ball, & Salmon, 2014).
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Physical activity and exercise interventions 
show positive effects on depression, and a num-
ber of reviews have been published summarizing 
study results. The American Psychiatric 
Association guidelines for treatment of patients 

with major depressive disorder cite physical 
activity as beneficial, particularly for individuals 
with co-occurring medical problems (American 
Psychiatric Association Work Group on Major 
Depressive Disorder, 2010). A review by Conn 

Fig. 13.1 Association between sedentary time (watching 
television and riding in a car) and development of depres-
sion. Adapted from Sui et al. (2015). The top panel shows 
the overall odds ratios and 95 % confidence intervals for 
risk of developing depression at 9.3 years of follow-up 
conferred by hours riding in a car, watching TV, and com-
bined time riding in a car and watching TV at the baseline 
assessment. The lower section shows the risk (odds ratios 
and 95 % confidence intervals) for respondents who did 

and did not meet CDC physical activity guidelines at the 
baseline assessment. Low, moderate, and high levels of 
sedentary behavior were identified based on tertiles within 
the distribution. For riding in a car, low <5 h/week, mod-
erate 5–8.9 h/week, high ≥9 h/week. For watching TV, 
low <5 h/week, moderate 5–10 h/week, high >10 h/week. 
For combined, low <12 h/week, moderate 12–18.9 h/
week, high ≥19 h/week
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reported that physical activity interventions 
reduced depressive symptoms, even among 
adults who were not clinically depressed (Conn, 
2010). Interventions ranged in duration, fre-
quency, and session length, but typically were 
designed as 30–60 min sessions, 3 times a week, 
for a mean of 62 sessions. Standardized mean 
effect sizes were 0.372 and 0.522 for supervised 
and unsupervised physical activity interventions, 
respectively. Meta-analyses of interventions for 
adults who were clinically depressed have shown 
larger effect sizes, ranging from 0.72 to 1.42 
(Conn, 2010). In a Cochrane review, exercise was 
associated with a greater reduction in depression 
than controls (standardized mean difference 
[SMD] −0.62, 95 % CI −0.81, −0.42) (Cooney 
et al., 2013; Cooney, Dwan, & Mead, 2014). A 
review by Teychenne concluded that both moder-
ate- and vigorous-intensity interventions were 
effective, and that both center-based and home- 
based interventions were effective (Teychenne, 
Ball, & Salmon, 2008).

In the most recent review of randomized con-
trolled trials of exercise interventions for depres-
sion, Stanton and Reaburn identified seven trials 
that met criteria for evaluation (included adults 
with depression diagnosed by DSM IV criteria or 
a validated depression scale; had an aerobic or 
resistance training program intervention of any 
duration; included a comparison group including 
pharmacotherapy, education, psychotherapy, 
other type of exercise [e.g., stretching], or no 
intervention; and used a validated depression 
scale as the outcome measure) (Stanton & 
Reaburn, 2014). The authors concluded that aer-
obic exercise programs at low-to-moderate inten-
sity, performed 3–4 times per week, with sessions 
from 30 to 40 min, and a program duration of at 
least 9 weeks were beneficial in treating depres-
sion. They also noted that program adherence 
rates varied from 50 to 100 %, which may be due 
to the exercise format (group vs. individual), type 
of exercise, exercise intensity, or some combina-
tion of these factors. One of the reviewed studies 
did find that their higher intensity exercise had 
lower adherence (Trivedi et al., 2011); however, 
that same study found that the higher intensity 
program had higher depression remission rates. 

An earlier study found effects on depression only 
for a higher intensity exercise intervention that 
was equivalent to the CDC public health exercise 
guidelines (Dunn, Trivedi, Kampert, Clark, & 
Chambliss, 2005).

Reviewing exercise interventions among indi-
viduals with a variety of chronic conditions, 
including chronic pain and fibromyalgia, Herring 
also found that exercise reduced depressive 
symptoms (Herring, Puetz, O’Connor, & 
Dishman, 2012). Larger effects were noted when 
baseline depressive symptoms were higher and 
physical activity levels were moderate or vigor-
ous (compared to low).

The effects of physical activity interventions 
on depression may be equivalent to the effects of 
psychological therapy and pharmacological treat-
ment. In the Cochrane review previously cited, 
seven trials compared exercise with psychologi-
cal therapy, and no difference was seen between 
the two interventions (SMD −0.03, 95 % CI 
−0.32, 0.26). Four trials compared exercise with 
pharmacological treatment, and again, no signifi-
cant difference was seen between the two types 
of interventions (SMD −0.11, 95 % CI −0.34, 
0.12) (Cooney et al., 2013, 2014).

 Rheumatic Conditions
The findings in general population studies are rep-
licated in studies of persons with arthritis. Kelley 
and colleagues conducted a systematic review of 
exercise intervention studies in rheumatic condi-
tions that targeted depression (Kelley, Kelley, & 
Hootman, 2015). To be included in the review, 
studies had to report randomized controlled trials, 
include an exercise-only intervention of at least 4 
weeks and a comparable control group, and include 
adults with osteoarthritis (OA), rheumatoid arthri-
tis (RA), fibromyalgia, or lupus. Interventions 
needed to be “community- deliverable,” defined as 
an intervention that could be performed in a com-
munity setting including home, recreation centers, 
and the like. Studies published from 1981 through 
2012 were included. A total of 29 studies were 
identified that met inclusion criteria, representing 
2499 participants (1470 in exercise interventions 
and 979 in  control interventions). The majority of 
studies (20 of 29, or 69 %) targeted individuals 
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with fibromyalgia, 5 targeted OA, 2 RA, and 1 each 
included participants with either RA or lupus or 
OA and RA (Fig. 13.2). The median length of the 
intervention periods was 16 weeks, with a median 
of 3 sessions per week, and a median of 30 min per 
session. For the majority of studies in which the 
information was included, the intensity of training 
was classified as moderate. Drop-out from exercise 
groups ranged from 0 to 50 %, with a mean dropout 
rate of 16.2 ± 12.5 %; dropout from control groups 
was similar, ranging from 0 to 46 %, mean 
14.1 ± 13.3 %. Interventions were both supervised 
and unsupervised, and took place in a variety of 
settings. Overall, the interventions demonstrated 
statistically and clinically significant reductions in 
depressive symptoms (SMD −0.42, 95 % CI −0.58 

to −0.26), an effect similar to those found in gen-
eral population studies. Because no clear evidence 
was found for a dose–response relationship, the 
authors suggest that the CDC physical activity 
guidelines are an appropriate starting point for 
activity recommendations.

 Why Might Physical Activity Influence 
Depression?
Interventions have provided evidence that physi-
cal activity may reduce depressive symptoms in 
rheumatic diseases indirectly through reduced 
pain and better function. More recent evidence 
suggests that activity may also affect depression 
through mechanisms that are especially relevant to 
rheumatic conditions, based on the increasing rec-

Fig. 13.2 Adapted from Kelley et al. (2015). The figure 
shows the point estimates (boxes) and 95 % confidence 
intervals (lines) for the reduction in depression conferred 
by the exercise intervention. The overall estimate of effect 

is shown by the red diamond. For comparison, the overall 
effect of exercise programs on depression in the general 
population, as estimated by Cooney et al. (2013), is shown 
as the blue diamond

P. Katz
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ognition that depression is a pro-inflammatory 
state. Physical activity can directly lower systemic 
inflammation. Individuals who are more active 
also tend to have lower levels of adipose tissue and 
to report better sleep, both of which are also linked 
to lower levels of systemic inflammation and have 
well-established links with depression. Figure 13.3 
illustrates potential pathways through which phys-
ical activity might influence depression. These 
pathways are interrelated—for example, pain can 
disturb sleep or increase fatigue, obesity increases 
systemic inflammation—so that physical activity 
may work through more than one pathway or may 
create synergistic effects.

There are additional effects of physical activity 
that are relevant to depression, such as effects on 
neurotransmitters in the brain and endorphins. 
These will not be discussed in this chapter because 
the effects are less specific to rheumatic condi-
tions, but the reader is directed to recent reviews 
by Eyre and Prakash (Eyre, Papps, & Baune, 
2013; Prakash, Voss, Erickson, & Kramer, 2015).

Pain. Higher levels of pain are consistently asso-
ciated with a greater risk of depression (Goesling, 
Clauw, & Hassett, 2013; Kroenke et al., 2011). 
Previous exercise interventions among adults 
with arthritis have generally shown reductions in 

pain (Baillet et al., 2010; Conn, Hafdahl, Minor, 
& Nielsen, 2008). In fact, exercise had effects 
comparable to cognitive behavioral therapy in 
improving global health assessments among 
patients with chronic widespread pain (McBeth 
et al., 2012). The effects of exercise on pain seem 
to occur regardless of the type of exercise or 
activity. For example, muscle strengthening with 
or without aerobic exercise was found to be 
effective for pain relief in knee OA (Tanaka, 
Ozawa, Kito, & Moriyama, 2013), and consistent 
participation in the Arthritis Foundation’s People 
with Arthritis Can Exercise (PACE) and Walk 
with Ease programs resulted in reductions in pain 
(Callahan et al., 2008, 2011). In fibromyalgia, 
accumulating at least 30 min of lifestyle physical 
activity through the day are associated with 
improvements in pain (Fontaine, Conn, & Clauw, 
2010), and people with fibromyalgia who are 
physically active appear more able to modulate 
pain (Ellingson, Shields, Stegner, & Cook, 2012; 
McLoughlin, Stegner, & Cook, 2011).

The reasons that exercise affects pain are less 
clear. There have been suggestions that exercise 
increases the production of endorphins, which 
inhibit the transmission of pain. There is also evi-
dence that exercise may modify central pain pro-
cessing (Walsh & McWilliams, 2014), and that the 
intensity of activity may influence pain sensitivity 
(Andrzejewski, Kassolik, Bzozowski, & Cymer, 
2010). In one study, meeting the CDC physical 
activity recommendations was associated with a 
reduction in experimentally tested pain sensitivity 
(Ellingson, Colbert, & Cook, 2012). Only actual 
levels of physical activity (i.e., activity measured 
with an actigraph), as opposed to self-reported 
activity, showed an association, and the strongest 
association, with lower pain thresholds was noted 
with accumulation of vigorous activity.

Function. Function may be one especially potent 
pathway through which activity affects mood. 
Williamson demonstrated the impact of activity 
restriction on development of depression 
(Williamson, 2000; Williamson & Schulz, 1992, 
1995). Among individuals with a range of chronic 
illnesses, exercise was shown to be most effective 
in reducing depressive symptoms when it also 
improved functional status (Herring et al., 2012).

Fig. 13.3 Potential pathways through which physical 
inactivity might influence depression
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In rheumatology, research has demonstrated 
that declines in functioning are strong predictors 
of subsequent onset of depression (Katz & Yelin, 
1995, 2001). The declines in function that appear 
most important to the development of depression 
are losses of discretionary activities that are val-
ued by individuals, particularly the loss of recre-
ational and leisure activities and social 
interactions (Katz & Yelin, 2001). In contrast, the 
type of functioning usually measured in rheuma-
tology, a lower level of functioning, is less pre-
dictive of the onset of depression (Fig. 13.4).

Physical activity can reduce functional limita-
tions and reduce the risk of onset and progression 
of disability. Using data from the OAI, Dunlop 
demonstrated that greater time in light-intensity 
physical activity, measured by accelerometer, 
reduced the risk of disability onset and progres-
sion (Dunlop et al., 2014). Additional data from 
OAI showed that being less sedentary was associ-
ated with better function (Lee et al., 2015). 
Individuals who participated in the Arthritis 
Foundation’s PACE and Walk with Ease pro-
grams experienced improvements in function 

Fig. 13.4 Relationship of functional decline, measured 
by the Health Assessment Questionnaire (HAQ), and 
valued life activity (VLA) loss with subsequent onset of 
depression. Valued life activities (VLAs) are the wide 
array of activities that are important to people. They 
range from self care to household tasks, family care, and 
work, to social and recreational activities (Katz, Morris, 
& Yelin, 2006). The VLA Disability scale asks respon-
dents to rate the amount of difficulty they have in 26 
specific activities. A short version of the VLA has also 
been developed (Katz et al., 2011). The Health 
Assessment Questionnaire (HAQ) was developed to 
measure function in rheumatoid arthritis (Fries, Spitz, 
Kraines, & Holman, 1980). It collects information on 

difficulty in actions such as standing up from a chair, 
cutting one’s meat, walking on flat ground, arising from 
a toilet, reaching above one’s head, and opening doors. 
This study examined losses of function and VLAs from 
Time 1 to Time 2, and the subsequent development of 
depression at Time 3 (Katz & Yelin, 2001). Loss of 10 % 
of VLAs was associated with an odds (95 % CI) of 
developing depression of 5.87 (2.10, 16.08). Losses in 
two specific domains also had significant elevated odds 
of subsequent development of depression: social interac-
tion (OR 3.07, 1.04–8.89) and recreational activities and 
hobbies (OR 6.13, 2.04–18.82). In contrast, functional 
decline as measured by the HAQ was not a significant 
predictor of new depression

P. Katz
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(Callahan et al., 2008, 2011). Higher levels of 
physical activity have been linked to greater 
improvements in functioning in rheumatoid 
arthritis, fibromyalgia, and ankylosing spondyli-
tis (Baillet et al., 2010; Bennell & Hinman, 2011; 
Brophy, Cooksey, et al., 2013; Conn et al., 2008; 
Fontaine et al., 2010; Iversen et al., 2012; Kaleth, 
Saha, Jensen, Slaven, & Ang, 2013). Conversely, 
lack of exercise or low physical activity has been 
associated with increased disability and loss of 
muscle mass (Minor, 2004).

Fatigue and sleep disturbance. Fatigue and sleep 
disturbances may be both symptoms and predic-
tors of depression. Fatigue is almost universally 
experienced by individuals with RA (Nikolaus, 
Bode, Taal, & van de Laar, 2013), and high levels 
of fatigue have been found in other rheumatic 
conditions, including osteoarthritis, systemic 
lupus erythematosus, psoriatic arthritis, ankylos-
ing spondylitis, and fibromyalgia (Bergman 
et al., 2009; Brophy, Davies, et al., 2013; Clauw, 
2014; Kim, Luedtke, Vincent, Thompson, & Oh, 
2012; Murphy, Alexander, Levoska, & Smith, 
2013; Sterling et al., 2014; Walsh et al., 2014; 
Wolfe, Hawley, & Wilson, 1996). Only a handful 
of studies have examined the impact of exercise 
on fatigue in RA, and in those, exercise training 
appeared to improve fatigue levels (Bilberg, 
Ahlmén, & Mannerkorpi, 2005; Hakkinen, 
Sokka, Leitsalmi, Kautianinen, & Hannonen, 
2003; Neill, Belan, & Ried, 2006; Neuberger 
et al., 2007; Rongen-van Dartel et al., 2014). A 
meta-analysis of non-pharmacological interven-
tions for RA fatigue concluded that exercise 
interventions appear to be effective in reducing 
fatigue in RA, with effect sizes slightly smaller 
than those of a well-designed cognitive behav-
ioral program (~0.5 compared to 0.6–0.7) (Cramp 
et al., 2013). Physical activity or exercise inter-
ventions have been identified as effective inter-
ventions for fibromyalgia symptoms, including 
fatigue (Kaleth et al., 2014).

Self-reported sleep disturbances are also com-
mon in rheumatic conditions (Abad, Sarinas, & 
Guilleminault, 2008; Clauw, 2014; Luyster, 
Chasens, Wasko, & Dunbar-Jacob, 2011; 
Nicassio et al., 2012; Palagini et al., 2014; 
Reading et al., 2009; Roehrs et al., 2013; Taylor- 

Gjevre, Gjevre, Nair, Skomro, & Lim, 2010; 
Taylor-Gjevre, Nair, & Gjevre, 2013; Treharne 
et al., 2007). In the general population, higher 
levels of physical activity are linked to better 
sleep quality. Among a group of older women, 
higher levels of moderate–vigorous physical 
activity were associated with less sleep fragmen-
tation and better sleep efficiency, even after 
adjusting for age, education, body mass index 
(BMI), depressive symptoms, and arthritis 
(Lambiasse, Gabriel, Kuller, & Matthews, 2013), 
and exercise interventions show improvements in 
sleep quality among depressed individuals 
(Rethorst et al., 2013).

In RA, Nicassio and Wallston found a cross- 
sectional association between sleep and depres-
sion (Nicassio & Wallston, 1992). Longitudinally, 
pain appeared to exacerbate sleep problems, 
which, in turn, increased depressive symptoms. 
Irwin and colleagues examined the impact of a 
partial night sleep deprivation, a proxy for a com-
mon form of sleep disturbance, on mood and RA 
symptoms (Irwin et al., 2012). Results indicated 
that such sleep disturbance induced significant 
changes in depressive symptoms (as well as pain) 
after a single night. An interventional study found 
a significant improvement in self-reported sleep 
quality after a 12-week exercise program among 
individuals with RA (Durcan, Wilson, & 
Cunnane, 2014).

Inflammation. Many rheumatic conditions are 
characterized by inflammatory states. For exam-
ple, elevated levels of a number of inflammatory 
biomarkers, including tumor necrosis factor α 
(TNF-α) and interleukin-6 (IL-6), are often noted 
in SLE and RA and are considered indicators of 
increased disease activity (Arend, 2001; Froneck 
& Horowitz, 2002). Likewise, depression is 
increasingly recognized as a pro-inflammatory 
state. Evidence includes observations that indi-
viduals with inflammatory diseases have elevated 
rates of depression, and significant portions of 
individuals with depression exhibit elevations in 
inflammatory factors, including C-reactive pro-
tein (CRP), IL-6, and TNF-α (Alexopoulos & 
Morimoto, 2011; Hamer, Batty, Marmot, Singh- 
Manoux, & Kivimäki, 2011; Maes, 2011; 
Matheny et al., 2011; Pasco et al., 2010; Prather, 
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Rabinovitz, Pollock, & Lotrich, 2009). Increases 
in inflammatory factors often precede increases 
in depressive symptoms, and “cytokine-induced 
depression” is well documented in the literature 
(Dantzer, O’Connor, Freund, Johnson, & Kelley, 
2008; Prather et al., 2009). Some recent studies 
have suggested that depression may be the causal 
factor for inflammation (Copeland, Shanahan, 
Worthman, Angold, & Costello, 2012; Shaffer 
et al., 2011; Stewart, Rand, Mudoon, & Kamarck, 
2009), but the bulk of the research literature sug-
gests the reverse—that inflammation increases 
the risk of depression (Krisknadas & Cavanagh, 
2012; Leonard, 2010; Lotrich, El-Gabalawy, 
Guenther, & Ware, 2011; Miller, Maletic, & 
Raison, 2009; Raedler, 2011; Raison, Capuron, 
& Miller, 2006; Raison & Miller, 2011).

While acute, unaccustomed exercise may put a 
strain on the body, chronic physical activity 
improves immune function (Huang, Zourdos, Jo, 
& Ormsbee, 2013). Regular physical activity 
decreases inflammatory biomarkers, including 
CRP, IL-6, and TNF-α (Abramson & Vaccarino, 
2002; Autenrieth et al., 2009; Colbert et al., 2004; 
Eyre et al., 2013; Ford, 2002; Lavie, Church, 
Milani, & Earnest, 2011; Reuben, Judd-Hamilton, 
Harris, & Seeman, 2003; Shanely et al., 2013). 
Sedentary behavior has been linked in recent stud-
ies with elevations in systemic inflammation bio-
markers such as CRP, IL-6, and TNF-α (Allison, 
Jensky, Marshal, Bertoni, & Cushman, 2012; Yates 
et al., 2012). Benatti and Pedersen provide a com-
prehensive review of the evidence linking physical 
activity and systemic inflammation in rheumatic 
diseases (Benatti & Pedersen, 2015), highlighting 
the effects of physical activity on improvements in 
function and physical capacity and body composi-
tion (i.e., obesity), in addition to direct improve-
ment in inflammatory biomarker profiles.

Obesity. Both obesity and physical inactivity have 
been linked to numerous negative health effects, 
including depression, in the general population 
(Herring et al., 2012; Luppino et al., 2010; Shelton 
& Miller, 2010, 2011; Simon et al., 2006; 
Teychenne et al., 2010a, 2010b). Adipose tissue is 
a known source of proinflammatory cytokines, 
including TNF-α and IL-6 (Coppack, 2001; Giles 

et al., 2008; Visser, Bouter, McQuillan, Wener, & 
Harris, 1999). Obesity, particularly abdominal 
obesity, is strongly associated with concurrent 
and incident depression (de Wit et al., 2010; 
Luppino et al., 2010; Rivenes, Harvey, & 
Mykletun, 2009; Vogelzangs et al., 2010, 2011; 
Zhao et al., 2009). There has even recently been 
suggestion that adipose tissue may be a causal 
pathway for the inflammation- depression link 
(Shelton & Miller, 2011). Regular physical activ-
ity generally decreases adipose tissue.

Obesity is common among individuals with 
rheumatic diseases. Rates approaching 50 % 
have been found in cohorts with RA and lupus 
(Katz et al., 2011, 2013), reported rates in fibro-
myalgia range from 33 to 45 % (Kim, Luedtke, 
Vincent, Thompson, & Oh, 2012; Segura- 
Jimenez et al., 2015), and elevated rates are seen 
in OA (Sturner, Gunther, & Brenner, 2000). 
Obesity has received little attention as a predictor 
or risk factor of depression in rheumatic diseases. 
Observational studies have found associations 
between obesity and depression in fibromyalgia 
(Aparicio et al., 2011; Kim et al., 2012). A recent 
study examined obesity as a risk factor for the 
development of depression among a group of 
approximately 500 women with lupus (Katz 
et al., 2014). Possible and probable depression 
were estimated using validated SLE-specific cut 
points on the CESD (20 and 24, respectively). 
Obesity was defined using a validated lupus- 
specific BMI2 cut point (BMI ≥ 26.8). Mean fol-
low- up time was 9 years (range 2–11 years). In 
the analysis for possible depression, 31.6 % of 
those who were not obese became depressed, 
compared to 48.1 % of those who were obese 
(Table 13.1). In the analysis of probable depres-
sion, 25.9 % of those not obese became depressed 
compared to 42.6 % of those who were obese. 
After adjustment for covariates, obesity con-
ferred an increased risk of depression of more 
than 50 %. Using the standard BMI cut point for 
obesity (BMI ≥ 30) yielded similar results.

2 Body mass index (BMI), calculated as 
weight heightkg m

/ 2 , is the most common estimation of 
body composition and obesity. The standard definition of 
obesity is BMI ≥ 30.
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 Physical Activity and Well-Being

Psychological well-being is not just the absence 
of depression, however; it also includes the pres-
ence of positive affect. Broadly, there is a wealth 
of literature supporting the links between physi-
cal activity and positive mood, vigor, general 
well-being (Asztalos, De Bourdeaudhuij, & 
Cardon, 2010; Elavsky & McAuley, 2007). 
Additional psychosocial effects of exercise 
include distraction from negative thoughts, 
enhancement of self-esteem, and provision of a 
sense of mastery or self-efficacy (Eyre et al., 
2013). Except for self-efficacy, exercise interven-
tions in rheumatic diseases have not measured 
positive affect.

A variety of exercise interventions in rheu-
matic diseases have shown improvements in self- 
efficacy, which is linked to a number of positive 
effects including adherence to medications and 
other health recommendations, health behaviors, 
ratings of symptoms such as pain and joint stiff-

ness, and function. Interventions showing effects 
on self-efficacy have included walking interven-
tions and a variety of community-based programs 
combining strength, flexibility, balance, and aer-
obic conditions (Callahan et al., 2008, 2011; 
Levy et al., 2012; Schlenk, Lias, Sereika, Dunbar- 
Jacob, & Kwoh, 2011).

Qualitative studies offer insight into the 
impact of physical activity on well-being. 
Individuals with RA who had participated in an 
exercise program found that the program changed 
their self-image and led to improvements in over-
all well-being and feeling more energetic 
(Demmelmaier, Lindkvist, Nordgren, & Opava, 
2015). They reported being now able to partici-
pate in social and recreational activities with 
friends and families in a way that was not possi-
ble prior to engaging in the exercise program. In 
addition, changes in perceptions of exercise were 
also reported—it was viewed as fun and reward-
ing. In another qualitative study, exercise was 
viewed as a means to resist disability and stay 
healthy, experience sensations of well-being, and 
engage in social participation on par with non- 
arthritis populations (Loeppenthin et al., 2014).

 Physical Activity and Cognitive 
Function

Almost all of the literature on physical activity 
and cognitive function comes from outside rheu-
matology, often from studies of older adults. 
Because of the strong and consistent relation-
ships found in those studies, and because cogni-
tive dysfunction is increasingly recognized in 
rheumatic diseases, this topic is included here.

 Cognitive Impairment in Rheumatic 
Conditions

Individuals with SLE are at significant risk of 
cognitive impairment (Ainiala, Loukkola, Peltola, 
Korpela, & Hietaharju, 2001; Brey et al., 2002; 
Denburg, Carbotte, & Denburg, 1997; Hanly, 
Fisk, McCurdy, Fougere, & Douglas, 2005; 
Kozora, Hanly, Lapteva, & Filley, 2008; Kozora, 

Table 13.1 Risk of depression onset associated with 
obesity among women with SLE

Possible 
depression 
(CESD ≥20)

Probable 
depression  
(CESD ≥24)

Total n for analysis 471 515

Obese at baseline 38.9 % 39.2 %

Became depressed

Not obese 31.6 % (91) 25.9 % (81)

Obese* 48.1 % (88) 42.6 % (86)

Multivariate  
HR (95 % CI)  
for obesity†

1.56 (1.15, 2.11) 1.69 (1.23, 
2.30)

From Katz et al. (2014)
Among a group of women with lupus, obesity at baseline 
was associated with elevated risk of new depression 
longitudinally
Possible and probable depression were defined using vali-
dated lupus-specific cut points on the CESD (Julian et al., 
2011). Obesity was also defined using a validated lupus- 
specific criterion (Katz, Gregorich et al., 2011). Women who 
were depressed at baseline were omitted from the analyses
Women who met criteria for depression at baseline were 
excluded
*Obesity defined as BMI ≥ 26.8
†HR hazard ratio. Multivariate Cox regression model 
adjusted for age, race, baseline disease activity, smoking, 
and baseline physical functioning
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Thompson, West, & Kotzin, 1996; Petri et al., 
2008; Unterman et al., 2011), and evidence is 
mounting that individuals with RA may also have 
elevated risk of cognitive dysfunction (Antonchak, 
Saoudian, Khan, Brunner, & Luggen, 2011; 
Appenzeller, Bertolo, & Costallat, 2004; Bartolini 
et al., 2002; Hanly et al., 2005; Shin, Julian, Katz, 
& Wallhagen, 2011). Examples of the prevalence 
of cognitive impairment in these two conditions 
may be drawn from studies by Julian (Julian et al., 
2012) and Shin (Demmelmaier et al., 2015). Both 
studies used a neuropsychological battery span-
ning a range of cognitive domains and defined 
impairment on each domain as performance 
below −1 standard deviation of population nor-
mative data. For lupus, impairment ranged from 6 
% (semantic fluency) to 30 % (visuospatial learn-
ing), and for RA, from 8 % (working memory) to 
30 % (visuospatial learning). Using a summary 
definition of cognitive dysfunction (≥/3 indices 
impaired), 25 % of SLE patients, and 10 % of RA 
patients, met criteria for prevalent cognitive dys-
function. Cognitive dysfunction is also highly 
prevalent in fibromyalgia. Between 50 and 80 % 
of individuals with fibromyalgia have impair-
ments in memory, attention, and/or executive 
function (Bertolucci & de Oliveira, 2013), and 
“fibro fog,” a constellation of cognitive issues 
including mental slowness, memory loss, and 
lack of clarity, is often cited as a symptom (Glass, 
2009; Kravitz & Katz, 2015).

 Physical Activity and Cognitive 
Impairment in Population Studies

Inactivity is linked to cognitive impairment in the 
general population (Angevaren, Aufdemkampe, 
Verhaar, Aleman, & Vanhees, 2008; Weuve et al., 
2004; Yaffe, Barnes, Nevitt, Lui, & Covinsky, 
2001; Zhu et al., 2014), and, conversely, higher 
levels of physical activity and fitness are associ-
ated with better cognitive function, particularly 
executive function3 (Baker et al., 2010; Colcombe 

3 Executive function refers to higher-level cognitive pro-
cesses that are involved in planning, organization, and 
management of cognitive processes. It includes domains 

& Kramer, 2003; Etgen et al., 2010; Middleton 
et al., 2011; Weuve et al., 2004; Yaffe et al., 
2009). Data from the Coronary Artery Risk 
Development in Young Adults study (CARDIA) 
examined the impact of cardiorespiratory fitness, 
which can be viewed as the result of physical 
activity, on cognitive function 25 years after 
assessment of fitness, when participants were 
43–55 years of age. Results indicated that com-
pared to the lowest quartile of fitness, perfor-
mance on each cognitive test was 21–34 % better 
in the highest fitness quartile. Effects were noted 
specifically for verbal memory and psychomotor 
speed (Zhu et al., 2014).

In reviewing physical activity and cognitive 
decline among older non-demented adults, Sofi 
concluded that individuals who performed high 
levels of physical activity gained significant pro-
tection against cognitive decline (HR 0.62, 95 % 
CI 0.54–0.70) (Sofi et al., 2011). The effect of 
low-to-moderate activity was only slightly less 
(HR 0.65, 95 % CI 0.57–0.75). Effects were 
slightly greater when longer follow-up periods 
were examined. Angevaren’s Cochrane review 
concluded that exercise interventions resulted in 
improved cardiorespiratory fitness, which coin-
cided with improvements in cognitive function-
ing among older adults without known cognitive 
impairment (Angevaren, Aufdemkampe, Verhaar, 
Aleman, & Vanhees, 2008). Another meta- 
analysis of aerobic exercise interventions and 
cognitive performance found modest improve-
ments in attention and processing speed, execu-
tive functioning, and memory (Smith et al., 
2010). While the effects of physical activity on 
cognitive function of older adults seems clear, 
there is less evidence for younger adults due to 
paucity of studies (Prakash et al., 2015). Like 
sedentary behavior and depression, there also 
seems to be a circular relationship between inac-
tivity and cognitive function. In a study of over 
4000 older adults, inactivity led to declines in 
executive function, but the impact of poor execu-
tive functioning on later physical activity was 
even stronger (Daly, McMinn, & Allan, 2015).

such as working memory, reasoning, task flexibility, pro-
cessing speed, and problem solving.
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Investigations into the mechanisms for physi-
cal activity’s effect on cognitive function are rela-
tively recent and appear to show structural effects 
on the brain from physical activity. Physical 
activity has been shown to be protective of struc-
tural volume in the prefrontal cortex at 21-year 
follow-up (Rovio et al., 2010). Participation in 
physical activity also appears to be linked to a 
lower volume of brain white matter changes of 
the type considered a primary mechanism of age- 
related cognitive decline (Burzynska et al., 2014). 
The authors of that study speculated that the 
effect on white matter was due to the beneficial 
effects of physical activity on blood vessel integ-
rity and elasticity. A more comprehensive review 
on this topic can be found in Prakash et al. (2015).

 Physical Activity and Cognitive 
Impairment in Rheumatic Conditions

Little work has explored the potential link 
between physical activity and cognitive impair-
ment in rheumatology. Inactivity was signifi-
cantly and independently associated with 
executive function in women with lupus (OR 9.4 
[1.7, 52.8]), even after controlling for age, race, 
education, disease activity, oral glucocorticoid 
use, obesity, and depression (Katz et al., 2012) 
(Fig. 13.5). Kozora reported a significant inverse 
relationship between cognitive impairment and 
6-minute walk distance in lupus, a measure of 
functional cardiorespiratory fitness (Kozora 
et al., 2015).

Examining interventional studies, partici-
pants in a 6-week walking program based on 
Walk with Ease reported significant improve-
ment in their ability to concentrate (Nyrop et al., 
2011). There is some evidence that physical 
activity interventions improve cognitive func-
tion in fibromyalgia (Bertolucci & de Oliveira, 
2013). Warm water exercise 3 times a week for 
16 weeks demonstrated improvements in cogni-
tive function among women with fibromyalgia 
(Munguia- Izquierdo & Legaz-Arrese, 2007), 
and an 18-week physical activity program pro-
duced improvements in self-reported cognitive 
function (Etnier et al., 2009).

 Interventions and implementation

 Barriers

In spite of the evidence supporting the benefits of 
physical activity, most studies show that individu-
als with arthritis are inactive. Some reasons for 
inactivity are similar to those expressed by the 

Fig. 13.5 Physical inactivity and risk of cognitive impair-
ment. From Katz et al. (2012) Defining inactivity as <600 
metabolic equivalent minutes per week, inactivity was 
associated with an significant elevated risk of impairment 
in executive function among women with systemic lupus 
erythematosus (Odds ratio = 9.4 [95 % confidence interval 
1.7–52.8]). Inactivity was also associated with an ele-
vated, but not statistically significant risk of impairment in 
memory function (OR = 1.8 [0.7, 4.4]). Activity was 
ascertained using the self-reported International Physical 
Activity Questionnaire (IPAQ) (Brown, Trost, Bauman, 
Mummery, & Owen, 2004; Craig et al., 2003). The defini-
tion of inactivity used was that specified in IPAQ scoring 
as “low activity”
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general population. For example, among the fac-
tors associated with inactivity in the QUEST-RA 
study, many are also associated with inactivity in 
the general population, such as female sex, older 
age, and less education (http://www.cdc.gov/
physicalactivity/data/facts.html). Disease- specific 
barriers may also exist. Among individuals with 
RA, greater age, BMI, disease activity, and radio-
graphic joint damage were associated with lower 
levels of physical activity (van der Goes et al., 
2014). Fatigue and pain levels may also hamper 
participation in activity.

Psychological and perceptual barriers may 
hamper uptake of physical activity by individuals 
with arthritis, as well. Among a group of indi-
viduals with RA, 65 % of excess inactivity was 
accounted for by lack of strong motivation and 
lack of strong positive beliefs related to benefits 
of physical activity (Lee et al., 2012). A qualita-
tive study found that individuals felt physical 
activity positively influenced health and well- 
being, but respondents also thought that activity 
might be a possible cause of arthritis (Kaptein 
et al., 2013). This group also discussed the impact 
of “role overload” in affecting decisions not to 
participate in activity. Patients have reported con-
cerns about exercise causing harm to joints, not 
knowing what exercises to do, and not wanting to 
exercise because joints hurt (Law, Markland, 
Jones, Maddison, & Thom, 2013). Inactive indi-
viduals have been found to have negative disease- 
related outcome expectancies that were more 
distressing and that they believed were more 
likely to occur (Gyurcsik, Cary, Sessford, Flora, 
& Brawley, 2015). These issues are overlaid on 
barriers to activity caused by depression in gen-
eral, such as loss of interest in activities and dif-
ficulty initiating activities.

Perhaps most importantly, individuals with 
rheumatic disease may not be getting the mes-
sage from their physicians or other health care 
providers that physical activity is beneficial (Do, 
Hootman, Helmick, & Brady, 2011). Having a 
recommendation from a health professional may 
be the factor most strongly associated with 
engaging in physical activity or exercise 
(O’Donnell et al., 2013). This lack of advocacy 
for physical activity is not unique to rheumatol-

ogy. An analysis of the 2011–2012 NHANES 
data found that over 50 % of adults who were 
completely sedentary had not been told by a 
health care profession to increase their exercise 
(Loprinzi & Beets, 2014).

Physicians and other providers may not have 
adequate information to guide their patients. In a 
survey from the Netherlands, rheumatologists, 
clinical nurse specialists, and physical therapists 
believed public health recommendations for mod-
erate-intensity physical activity were attainable 
for persons with RA and that physical activity was 
an important health goal for RA, but most did not 
feel competent in offering advice about physical 
activity (Hurkmans et al., 2011). An additional 
barrier may be the advice individuals receive for 
how to manage disease symptoms. Pacing (e.g., 
taking breaks from activity) has traditionally been 
advocated as a way for people with arthritis to 
manage fatigue or pain (Murphy & Kratz, 2014). 
Yet one author writes, “Since patients with rheu-
matoid arthritis are already at risk for inactivity, 
further inactivation by activity pacing might 
potentially be harmful.”(Cuperus, Hoogeboom, 
Neijland, van den Ende, & Keijsers, 2012).

 Practical Solutions

Many types of programs have been developed to 
help people with arthritis increase physical activ-
ity. There is no strong evidence to favor one type 
of program over another. The primary criterion 
for success may be whether an individual will 
initiate and maintain it.

Some people may prefer the structure of an 
organized exercise program. The Arthritis 
Foundation’s PACE and Walk with Ease pro-
grams are examples of such programs designed 
for people with arthritis. The Walk With Ease 
program (http://www.arthritis.org/we-can-help/
community-programs/walk-with-ease) is offered 
in both a self-guided format or a group setting. 
Designed as a 6-week program to encourage peo-
ple with arthritis to become and stay active, the 
group classes are structured around group walks. 
The home-based version includes online support 
such as video instruction, a message board and 
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email alerts for meeting goals or milestones. 
Both versions encourage walking three times a 
week and include stretching and strengthening 
exercise, identifying barriers to exercise, and 
developing an individualized walking plan. The 
schedule of the WWE program would likely not 
meet the CDC activity recommendations without 
the addition of additional days or length of ses-
sions, yet for inactive people, this type of pro-
gram is a good place to start. Individuals who are 
depressed may benefit from the social contacts 
and support of group programs.

Participating in organized programs may be 
prohibitive for others due to logistic issues, cost, 
or other reasons. Walking may be the simplest way 
for many adults to increase their activity levels. 
Leisure walking, walking for transportation, or 
combination, are all effective means of increasing 
activity in older adults (Hekler, Castro, Buman, & 
King, 2012). Prescribing walking 5–7 days (vs. 
3–5 days/week) a week at a moderate (vs. vigor-
ous) pace, either in single or multiple sessions, 
may be the most effective way of increasing walk-
ing time (Williams, Matthews, Rutt, Napolitano, 
& Marcus, 2008). Importantly, walking interven-
tions have shown statistically significant effects on 
depression (Robertson, Robertson, Jepson, & 
Maxwell, 2012), with effect sizes appearing to be 
within the same range as other exercise programs 
(SMD −0.86, 95 % CI −1.12, −0.61]). In contrast 
to other exercise programs, though, study comple-
tion rates of the 8 walking interventions reviewed 
were substantial higher, ranging from 75 to 100 %.

Use of pedometers is a simple means to mea-
sure and increase physical activity. A systematic 
review estimated that in a pedometer intervention 
of average duration (18 weeks), participants 
increased daily physical activity by almost 2500 
steps more than controls by the end of the pro-
gram (Bravata et al., 2007). Studies attempting to 
increase activity among older adults using 
pedometers and step diaries have found that indi-
viduals are able to use the devices easily and that 
compliance with pedometer and diary use is good 
(Bravata et al., 2007; Sugden et al., 2008). In an 
article reflecting on why pedometers work, 
Tudor-Locke points out that they are simple and 
accessible, low-literacy friendly, and the output is 
immediately understandable (Tudor-Locke & 

Lutes, 2009). Both self-monitoring by recording 
daily steps and having step goals appear to 
enhance the effectiveness of pedometer programs 
(Tudor-Locke & Lutes, 2009). In addition to the 
mechanical aspect of counting steps, many 
devices have online components to offer guid-
ance in setting goals, activity tracking, and devel-
opment of walking “buddies” or groups.

Physical activity guidelines for US adults call 
for 30 min per day of moderate-to-vigorous phys-
ical activity (MVPA) on at least 5 days per week 
(U.S. Department of Health and Human Services, 
2008). Translating this to daily step counts yields 
a goal of approximately 8000 steps per day 
(Tudor-Locke, Leonardi, Johnson, Katzmarzyuk, 
& Church, 2011), about 3000 of which can be 
attributed to the 30-min exercise bout (assuming 
an average of 100 steps per minute) and the 
remaining 5000 to “background” daily activity 
(Tudor-Locke, Hatano, Pangrazi, & Kang, 2008). 
Research suggests that health benefits begin to 
accrue at 7500–9999 steps per day (Bravata et al., 
2007; Jordan, Jurca, Tudor-Locke, Church, & 
Blair, 2005; Krum, Dessieux, Andrews, & 
Thompson, 2006; McKercher et al., 2009; Tudor- 
Locke et al., 2004, 2008). Increases of approxi-
mately 2800 steps on just 3 days a week have 
produced significant improvements in health out-
comes (Church et al., 2009; Church, Earnest, 
Skinner, & Blair, 2007; Jordan et al., 2005; 
Martin, Church, Thompson, Earnest, & Blair, 
2009). There is also evidence that <5000 steps 
per day is associated with health risk (Schmidt, 
Cleland, Shaw, Dwyer, & Venn, 2009).

Recognizing that the “background” levels of 
activity are likely to be lower for older adults and 
those with chronic illness, initial goals of 5500 
steps per day have been suggested (Tudor-Locke 
et al., 2011). Even 5500 steps per day may be 
daunting for individuals who have been inactive. 
Setting lower initial targets, with the intention of 
gradual increases in steps over time, may seem 
more attainable, and lead to greater adherence to 
activity.

Walking-based interventions have been tested 
in rheumatic conditions to address symptoms, 
but not depression. In fibromyalgia, increasing 
 physical activity through a “lifestyle physical 
activity” intervention (measured by steps/day) 
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led to significant reductions in pain and perceived 
functional deficits after 12 weeks.(Fontaine et al., 
2010) Another study of individuals with fibromy-
algia demonstrated that increases of just 1000 
steps per day predicted lower pain intensity, pain 
interference, and depressive symptoms (Kaleth 
et al., 2013). The author of that study recom-
mended an accumulation of at least 5000 steps 
per day to reach clinically significant improve-
ments, similar to the goal delineated by Tudor- 
Locke for adults with chronic illness.

A pedometer-based walking program for older 
adults with knee OA directed 10 % increases in 
steps every 4 weeks over 12 weeks and led to 
improved function, although depression was not 
measured (Talbot, Gaines, Huynh, & Metter, 
2003). Walking ≥6000 steps day was found to 
protect against developing functional limitations 

in people with or at risk of knee OA (White et al., 
2014). In fact, an analysis from the OAI suggests 
that if an intervention could move an individual 
from inactive to even insufficiently active and 
cost < $2900 over 2 years, it would be considered 
cost-effective based on quality-adjusted life years 
(QALYs) (Sun et al., 2014).

Table 13.2 provides some practical guidelines 
for introducing physical activity.

 Summary

Evidence is accruing that exercise-based inter-
ventions are effective in preventing and treating 
depression in the general population (Babyak 
et al., 2000; Blumenthal et al., 1999, 2007; Conn, 
2010; Dunn et al., 2005; Herring et al., 2012; 

Table 13.2 Recommending physical activity and exercise for depression in people with arthritis

Type of activity • There is no clear evidence on what type of exercise is the most beneficial for depression, 
although the best evidence supports aerobic activity. Aerobic activity can include activities 
such as walking, biking, or swimming

• Walking may be the most approachable form of physical activity for currently inactive 
individuals. However, some individuals may prefer engagement with exercise groups, which 
can provide both structure and social interactions

• There is also evidence that resistance exercise may be beneficial for mood. CDC guidelines 
recommend 2 or more days per week of muscle-strengthening exercise

Frequency • Frequency should be at least three times per week, although there is some evidence that for 
depression, the recommendation should be at least five times per week

Duration • Exercise bouts can be in segments of as little as 10 min. The goal is to accumulate a 
minimum of 150 min per week

• New physical activity should be undertaken incrementally. Start with 10 min or so, and 
gradually increase

Intensity • Activity should be of at least moderate intensity. Moderate intensity can be gauged using the 
“talk test.” If an individual can talk, but not sing, during the activity, the intensity can be 
considered of moderate intensity. In vigorous activity, an individual will not be able to say 
more than a few words without pausing for breath (http://www.cdc.gov/physicalactivity/
everyone/measuring/index.html)

Sit less • “Sit less” is also an important message. Feehan and Westby point out that by standing up 
twice an hour during the 10 h most people are sitting during a day adds 40 min of light 
activity (Feehan & Westby, 2014). Other suggestions they provide are standing up and 
stretching during TV commercials or after a chapter in a book

Other • Physical activity is safe for people with rheumatic conditions

• Individuals who are depressed may need extra support in beginning a physical activity 
program and in maintaining it, at least in the initial stages

• Pedometers or other activity monitors can serve as useful guides to help quantify activity and 
monitor progress. They can also serve as motivation. Many new activity monitoring devices 
include online communities and self-monitoring and motivational tools. Some activity 
monitors can track exercise other than walking or running

• Careful selection of walking or other exercise shoes may be necessary for individuals with 
arthritis. Some individuals may benefit from shoe inserts or orthotics
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Hoffman et al., 2011; Rosenberg et al., 2010). 
The American Psychiatric Association recog-
nizes the importance of exercise as both a com-
plement to traditional depression treatment, and 
as a first-line intervention for patients who have 
lower levels of depression and want to try alter-
natives to pharmaceutical intervention (American 
Psychiatric Association Work Group on Major 
Depressive Disorder, 2010). Immediate treatment 
effects are comparable to existing pharmacother-
apy (Blumenthal et al., 2007), and there is some 
evidence that exercise therapy gains are main-
tained longer than those from traditional treat-
ment modalities (Babyak et al., 2000; Hoffman 
et al., 2011). Activity-based interventions may be 
preferable depression intervention avenues for 
rheumatic disease for several reasons. Physical 
activity or exercise addresses the increased bur-
den of obesity and physical inactivity in these 
conditions, avoids adding to patients’ already 
substantial “pill burden,” and provides an alterna-
tive to antidepressant medications that may 
increase cardiovascular risk (Hamer, Batty, 
Marmot et al., 2011; Hamer, Batty, Seldenrijk, & 
Kivimäki, 2011). Physical activity also promotes 
added health benefits with respect to overall 
functioning and general health beyond mood 
(e.g., decreased systemic inflammation, 
decreased fatigue, increased mobility and flexi-
bility, decreased disability, and improved cardio-
vascular risk). Physical activity has few side 
effects and can be adapted to individuals’ prefer-
ences and health status (Eyre et al., 2013). The 
key issue, particularly for individuals with 
depression, seems to be motivating patients to 
initiate and maintain physical activity.

The evidence supporting physical activity as 
an effective means of reducing cognitive decline, 
at least among older adults, is also robust. While 
there is little evidence of the effects of physical 
activity on cognitive function in rheumatic condi-
tions, observational studies suggest a possible 
relationship. No treatments currently exist for 
cognitive impairment in rheumatic conditions, so 
further exploration of physical activity or exer-
cise interventions may lead to improvements in 
patient outcomes. Clearly, this is an area where 
more research is needed.

Overall, physical activity and exercise inter-
ventions are safe for individuals with arthritis, 
and have the potential for improving mood and 
perhaps avoiding cognitive decline, in addition to 
well-documented cardiovascular and other health 
benefits. Even moderate increases in activity can 
have beneficial effects. While structural and psy-
chological barriers to physical activity uptake 
exist, the most prominent barrier may be lack of 
recommendations to engage in physical activity 
by health professionals.

References

Abad, V. C., Sarinas, P. S., & Guilleminault, C. (2008). 
Sleep and rheumatologic disorders. Sleep Medicine 
Reviews, 12(3), 211–228.

Abramson, J., & Vaccarino, V. (2002). Relationship 
between physical activity and inflammation among 
apparently healthy middle-aged and older US adults. 
Archives of Internal Medicine, 162, 1286–1292.

Ainiala, H., Loukkola, J., Peltola, J., Korpela, M., & 
Hietaharju, A. (2001). The prevalence of neuropsychi-
atric syndromes in systemic lupus erythematosus. 
Neurology, 57, 496–500.

Alexopoulos, G., & Morimoto, S. (2011). The inflamma-
tion hypothesis in geriatric depression. International 
Journal of Geriatric Psychiatry, 26(11), 1109–1118.

Allison, M., Jensky, N., Marshal, S., Bertoni, A., & 
Cushman, M. (2012). Sedentary behavior and 
adiposity- associated inflammation: The multi-ethnic 
study of atherosclerosis. American Journal of 
Preventive Medicine, 42, 8–13.

American Psychiatric Association Work Group on Major 
Depressive Disorder. (2010). Practice guideline for 
treatment of patients with major depressive disorder. 
Retrieved February 10, 2015, from http://psychiatry-
online.org/pb/assets/raw/sitewide/practice_guide-
lines/guidelines/mdd.pdf

Anderson, E., & Shivakumar, G. (2013). Effects of exer-
cise and physical activity on anxiety. Frontiers in 
Psychiatry, 4, 46–49.

Andrzejewski, W., Kassolik, K., Bzozowski, M., & 
Cymer, K. (2010). The influence of age and physical 
activity on the pressure sensitivity of soft tissues of the 
musculoskeletal system. Journal of Bodywork and 
Movement Therapies, 14, 382–390.

Angevaren, M., Aufdemkampe, G., Verhaar, H. J., 
Aleman, A., & Vanhees, L. (2008). Physical activity 
and enhanced fitness to improve cognitive function in 
older people without known cognitive impairment. 
Cochrane Database of Systematic Reviews, 3, 
CD005381.

Antonchak, M., Saoudian, M., Khan, A., Brunner, H., & 
Luggen, M. (2011). Cognitive dysfunction in patients 

13 Physical Activity and Psychosocial Aspects of Arthritis

http://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/mdd.pdf
http://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/mdd.pdf
http://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/mdd.pdf


230

with systemic lupus erythematosus: A controlled study. 
The Journal of Rheumatology, 38(6), 1020–1025.

Aparicio, V., Ortega, F., Carbonell-Baeza, A., Camiletti, 
D., Ruiz, J., & Delgado-Fernandez, M. (2011). 
Relationship of weight status with mental and physical 
health in female fibromyalgia patients. Obesity Facts, 
4, 443–448.

Appenzeller, S., Bertolo, M., & Costallat, L. (2004). 
Cognitive impairment in rheumatoid arthritis. Methods 
and Findings in Experimental and Clinical 
Pharmacology, 26, 339–343.

Arend, W. (2001). Mediators of inflammation, tissue 
destruction, and repair. B. Growth factors and cyto-
kines. In J. Klippel (Ed.), Primer on the rheumatic 
diseases (12th ed.). Atlanta, GA: Arthritis Foundation.

Asztalos, M., De Bourdeaudhuij, I., & Cardon, G. (2010). 
The relationship between physical activity and mental 
health varies across activity intensity levels and 
dimensions of mental health among women and men. 
Public Health Nutrition, 13, 1207–1214.

Autenrieth, C., Schneider, A., Döring, A., Meisinger, C., 
Herder, C., Koenig, W., … Thorand, B. (2009). 
Association between different domains of physical 
activity and markers of inflammation. Medicine and 
Science in Sports and Exercise, 41, 1706–1713.

Babyak, M., Blumenthal, J., Herman, S., Khatri, P., 
Doraiswamy, P., Moore, K., … Krishnan, K. (2000). 
Exercise treatment for major depression: Maintenance 
of therapeutic benefit at 10 months. Psychosomatic 
Medicine, 62, 633–638.

Baillet, A., Zeboulon, N., Gossec, L., Combescure, C., 
Bodin, L., Juvin, R., … Gaudin, P. (2010). Efficacy of 
cardiorespiratory aerobic exercise in rheumatoid 
arthritis: Meta-analysis of randomized controlled tri-
als. Arthritis Care & Research, 62, 984–992.

Baker, L., Frank, L., Foster-Schubert, K., Green, P., 
Wilkinson, C., McTiernan, A., … Craft, S. (2010). 
Effects of aerobic exercise on mild cognitive impair-
ment. Archives of Neurology, 67, 71–79.

Bankoski, A., Harris, T., McClain, J., Brychta, R., 
Caserotti, P., Chen, K., … Koster, A. (2011). Sedentary 
activity associated with metabolic syndrome indepen-
dent of physical activity. Diabetes Care, 34, 497–503.

Bartolini, M., Candela, M., Brugni, M., Catena, L., Mari, 
F., Pomponio, G., … Danieli, G. (2002). Are behav-
iour and motor performances of rheumatoid arthritis 
patients influenced by subclinical cognitive impair-
ments? A clinical and neuroimaging study. Clinical 
and Experimental Rheumatology, 20, 491–497.

Benatti, F., & Pedersen, B. (2015). Exercise as an anti- 
inflammatory therapy for rheumatic diseases—
Myokine regulation. Nature Reviews. Rheumatology, 
11(2), 86–97.

Bennell, K., Dobson, F., & Hinman, R. (2014). Exercise 
in osteoarthritis: Moving from prescription to adher-
ence. Best Practice & Research. Clinical 
Rheumatology, 28, 93–117.

Bennell, K., & Hinman, R. (2011). A review of the clinical 
evidence for exercise in osteoarthritis of the hip and 
knee. Journal of Science and Medicine in Sport, 14, 4–9.

Bergman, M., Shahouri, S., Shaver, T., Anderson, J., 
Weidensaul, D., Busch, R., … Wolfe, F. (2009). Is 
fatigue an inflammatory variable in rheumatoid arthri-
tis (RA)? Analyses of fatigue in RA, osteoarthritis, 
and fibromyalgia. The Journal of Rheumatology, 36, 
2788–2794.

Bertolucci, P., & de Oliveira, F. (2013). Cognitive impair-
ment in fibromyalgia. Current Pain and Headache 
Reports, 17, 344.

Bilberg, A., Ahlmén, M., & Mannerkorpi, K. (2005). 
Moderately intensive exercise in a temperate pool for 
patients with rheumatoid arthritis: A randomized con-
trolled study. Rheumatology, 44, 502–508.

Blumenthal, J., Babyak, M., Doraiswamy, P., Watkins, L., 
Hoffman, B., Barbour, K., … Sherwood, A. (2007). 
Exercise and pharmacotherapy in the treatment of 
major depressive disorder. Psychosomatic Medicine, 
69, 587–596.

Blumenthal, J., Babyak, M., Moore, K., Craighead, W., 
Herman, S., Khatri, P., … Krishnan, K. (1999). Effects 
of exercise training on older patients with major depres-
sion. Archives of Internal Medicine, 159, 2349–2356.

Bravata, D., Smith-Spangler, C., Sundaram, V., Gienger, 
A., Lin, N., Lewis, R., … Sirard, J. (2007). Using 
pedometers to increase physical activity and improve 
health: A systematic review. Journal of the American 
Medical Association, 298, 2296–2304.

Brey, R., Holliday, S., Saklad, A., Navarrete, M., 
Hermosillo-Romo, D., Stallworth, C., … McGlasson, 
D. (2002). Neuropsychiatric syndrome in lupus: 
Prevalence using standardized definitions. Neurology, 
58, 1214–1220.

Brophy, S., Cooksey, R., Davies, H., Dennis, M., Zhou, 
S., & Siebert, S. (2013). The effect of physical activity 
and motivation on function in ankylosing spondylitis: 
A cohort study. Seminars in Arthritis and Rheumatism, 
42, 619–626.

Brophy, S., Davies, H., Dennis, M., Cooksey, R., Husain, 
M., Irvine, E., & Siebert, S. (2013). Fatigue in anky-
losing spondylitis: Treatment should focus on pain 
management. Seminars in Arthritis and Rheumatism, 
42, 361–367.

Brown, W., Trost, S., Bauman, A., Mummery, K., & Owen, 
N. (2004). Test-retest reliability of four physical activity 
measures used in population surveys. Journal of Science 
and Medicine in Sport, 7, 205–215.

Bruundsgaard, H. (2005). Physical activity and modula-
tion of systemic low-level inflammation. Journal of 
Leukocyte Biology, 78, 819–835.

Burzynska, A., Chaddock-Heyman, L., Voss, M., Wong, 
C., Gothe, N., Olson, E., … Kramer, A. (2014). 
Physical activity and cardiorespiratory fitness are ben-
eficial for white matter in low-fit older adults. PLoS 
One, 9, e107413.

Callahan, L., Mielenz, T., Freburger, J., Shreffler, J., 
Hootman, J., Brady, T., … Schwartz, T. (2008). A ran-
domized controlled trial of the people with arthritis 
can exercise programs: Symptoms, function, physical 
activity, and psychosocial outcomes. Arthritis Care & 
Research, 59, 92–101.

P. Katz



231

Callahan, L., Shreffler, J., Altpeter, M., Schoster, B., 
Hootman, J., Houenou, L., … Schwartz, T. (2011). 
Evaluation of group and self-directed formats of the 
Arthritis Foundations walk with ease program. 
Arthritis Care & Research, 63, 1098–1107.

Church, T., Earnest, C., Skinner, J., & Blair, S. (2007). 
Effects of different doses of physical activity on car-
diorespiratory fitness among sedentary, overweight, or 
obese postmenopausal women with elevated blood 
pressure: A randomized controlled trial. Journal of the 
American Medical Association, 297, 2081–2091.

Church, T., Martin, C., Thompson, A., Earnest, C., Mikus, 
C., & Blair, S. (2009). Changes in weight, waist cir-
cumference and compensatory responses with differ-
ent doses of exercise among sedentary, overweight 
postmenopausal women. PLoS One, 4, e4515.

Clauw, D. (2014). Fibromyalgia: A clinical review. 
Journal of the American Medical Association, 311, 
1547–1555.

Colbert, L., Visser, M., Simonsick, E., Tracy, R., Newman, 
A., Kritchevsky, S., … Harris, T. (2004). Physical 
activity, exercise, and inflammatory markers in older 
adults: Findings from the health, aging, and body com-
position study. Journal of American Geriatrics Society, 
52(7), 1098–1104.

Colcombe, S., & Kramer, A. (2003). Fitness effects on the 
cognitive function of older adults: A meta-analytic 
study. Psychological Science, 14, 125–130.

Conn, V. (2010). Depressive symptom outcomes of physi-
cal activity interventions: Meta-analysis findings. 
Annals of Behavioral Medicine, 39, 128–138.

Conn, V., Hafdahl, A., Minor, M., & Nielsen, P. (2008). 
Physical activity interventions among adults with 
arthritis: Meta-analysis of outcomes. Seminars in 
Arthritis and Rheumatism, 37, 307–316.

Cooney, G., Dwan, K., Greig, C., Lawlor, D., Rimer, J., 
Waugh, F., … Mead, G. (2013). Exercise for depres-
sion. Cochrane Database Systematic Review, Issue 9. 
Art. No. CD004366.

Cooney, G., Dwan, K., & Mead, G. (2014). Exercise for 
depression. Journal of the American Medical 
Association, 311, 2432–2433.

Copeland, W., Shanahan, L., Worthman, C., Angold, A., & 
Costello, E. (2012). Cumulative depression episodes 
predict later C-reactive protein levels: A prospective 
analysis. Biological Psychiatry, 71, 15–21.

Coppack, S. (2001). Pro-inflammatory cytokines and adi-
pose tissue. Proceedings of the Nutrition Society, 60, 
349–356.

Craig, C., Marshall, A., Sjöström, M., Bauman, A., Booth, 
M., Ainsworth, B., … Oja, P. (2003). International 
physical activity questionnaire: 12-country reliability 
and validity. Medicine and Science in Sports and 
Exercise, 35, 1381–1395.

Cramp, F., Hewlett, S., Almeida, C., Kirwan, K., Choy, E., 
Chalder, T., … Christensen, R. (2013). Non- 
pharmacological interventions for RA fatigue. 
Cochrane Database of Systematic Reviews, (8).

Cuperus, N., Hoogeboom, T., Neijland, Y., van den Ende, 
C., & Keijsers, N. (2012). Are people with rheumatoid 

arthritis who undertake activity pacing at risk of being 
too physically inactive? Clinical Rehabilitation, 26, 
1048–1052.

Daly, M., McMinn, D., & Allan, J. (2015). A bidirectional 
relationship between physical activity and executive 
function in older adults. Frontiers in Human 
Neuroscience, 13, 1044.

Dantzer, R., O’Connor, J., Freund, G., Johnson, R., & 
Kelley, K. (2008). From inflammation to sickness and 
depression: When the immune system subjugates the 
brain. Nature Reviews Neuroscience, 9, 46–57.

de Wit, L., Fokkema, M., van Straten, A., Lamers, F., 
Cuijpers, P., & Penninx, B. (2010). Depressive and 
anxiety disorders and the association with obesity, 
physical, and social activities. Depression and Anxiety, 
27, 1057–1065.

Demmelmaier, I., Lindkvist, A., Nordgren, B., & Opava, 
C. (2015). “A gift from heaven” or “this was not for 
me.” A mixed methods approach to describe experi-
ences of participation in an outsourced physical activ-
ity program for persons with rheumatoid arthritis. 
Clinical Rheumatology, 34(3), 429–439.

Denburg, S., Carbotte, R., & Denburg, J. (1997). 
Psychological aspects of systemic lupus erythemato-
sus: Cognitive function, mood, and self-report. The 
Journal of Rheumatology, 24, 998–1003.

Do, B., Hootman, J., Helmick, C., & Brady, T. (2011). 
Monitoring health people 2010 arthritis management 
objectives: Education and clinician counseling for 
weight loss and exercise. Annals of Family Medicine, 
9, 136–141.

Dugan, S., Bromberger, J., Segawa, E., Avery, E., & 
Sternfeld, B. (2015). Association between physical 
activity and depressive symptoms: Midlife women in 
SWAN. Medicine and Science in Sports and Exercise, 
47, 335–342.

Dunlop, D., Song, J., Semanik, P., Sharma, L., Bathon, J., 
Eaton, C., … Chang, R. (2014). Relation of physical 
activity time to incident disability in community 
dwelling adults with or at risk of knee arthritis: 
Prospective cohort study. British Medical Journal, 
348, g2472.

Dunn, A., Trivedi, M., Kampert, J., Clark, C., & 
Chambliss, H. (2005). Exercise treatment for depres-
sion: Efficacy and dose response. American Journal of 
Preventive Medicine, 28, 1–8.

Durcan, L., Wilson, F., & Cunnane, G. (2014). The effect 
of exercise on sleep and fatigue in rheumatoid arthri-
tis: A randomized controlled study. The Journal of 
Rheumatology, 41, 1966–1973.

Elavsky, S., & McAuley, E. (2007). Physical activity and 
mental health outcomes during menopause: A ran-
domized controlled trial. Annals of Behavioral 
Medicine, 33, 132–142.

Ellingson, L., Colbert, L., & Cook, D. (2012). Physical 
activity is related to pain sensitivity in healthy women. 
Medicine and Science in Sports and Exercise, 44, 
1401–1406.

Ellingson, L., Shields, M., Stegner, A., & Cook, D. (2012). 
Physical activity, sustained sedentary  behavior, and 

13 Physical Activity and Psychosocial Aspects of Arthritis



232

pain modulation in women with fibromyalgia. The 
Journal of Pain, 13, 195–206.

Etgen, T., Sander, D., Huntgeburth, U., Poppert, H., Först, 
H., & Bickel, H. (2010). Physical activity and incident 
cognitive impairment in elderly persons. Archives of 
Internal Medicine, 170, 186–193.

Etnier, J., Karper, W., Gapin, J., Barella, L., Chang, Y., & 
Murphy, K. (2009). Exercise, fibromyalgia, and fibro-
fog: A pilot study. Journal of Physical Activity and 
Health, 6, 239–246.

Eyre, H., Papps, E., & Baune, B. (2013). Treating depression 
and depression-like behavior with physical activity: An 
immune perspective. Frontiers in Psychiatry, 4, 1–27.

Feehan, L., & Westby, M. (2014). Exercise more and sit 
less: Two important health and lifestyle messages for 
people living with RA. The Rheumatologist, 8(1), 
51–57.

Fontaine, K., Conn, L., & Clauw, D. (2010). Effects of 
lifestyle physical activity on perceived symptoms and 
physical function in adults with fibromyalgia: Results 
of a randomized trial. Arthritis Research & Therapy, 
12, R55.

Ford, E. (2002). Does exercise reduce inflammation? 
Physical activity and C-reactive protein among US 
adults. Epidemiology, 13, 561–568.

Fries, J., Spitz, P., Kraines, R., & Holman, H. (1980). 
Measurement of patient outcome in arthritis. Arthritis 
and Rheumatism, 23, 137–145.

Froneck, M., & Horowitz, D. (2002). Cytokines in the 
pathogenesis of systemic lupus erythematosus. In 
D. Wallace & B. Hahn (Eds.), Dubois’ lupus erythe-
matosus (6th ed.). Philadelphia, PA: Lippincott 
Williams & Wilkins.

Giles, J., Bartlett, S., Andersen, R., Thompson, R., 
Fontaine, K., & Bathon, J. (2008). Association of body 
fat with C-reactive protein in rheumatoid arthritis. 
Arthritis and Rheumatism, 58, 2632–2641.

Glass, J. (2009). Review of cognitive dysfunction in fibro-
myalgia: A convergence on working memory and 
attentional control impairments. Rheumatic Diseases 
Clinics of North America, 35, 299–311.

Goesling, J., Clauw, D., & Hassett, A. (2013). Pain and 
depression: An integrative review of neurobiological 
and psychological factors. Current Psychiatry Reports, 
15, 421.

Gyurcsik, N., Cary, M., Sessford, J., Flora, P., & Brawley, 
L. (2015). Pain anxiety and negative outcome expecta-
tions for activity: Do negative psychological profiles 
differ between the inactive and active? Arthritis Care 
& Research, 67, 58–64.

Hakkinen, A., Sokka, T., Leitsalmi, A., Kautianinen, H., 
& Hannonen, P. (2003). Effects of dynamic strength 
training on physical function, Valpar 9 work sample 
test, and working capacity in patients with recent- 
onset rheumatoid arthritis. Arthritis Care & Research, 
49, 71–77.

Hamer, M., Batty, G., Marmot, M., Singh-Manoux, A., & 
Kivimäki, M. (2011). Anti-depressant medication use 
and C-reactive protein: Results from two population- 
based studies. Brain, Behavior, and Immunity, 25, 
168–173.

Hamer, M., Batty, G., Seldenrijk, A., & Kivimäki, M. 
(2011). Antidepressant medication use and future risk 
of cardiovascular disease: The Scottish Health Survey. 
European Heart Journal, 32, 437–442.

Hanly, J., Fisk, J., McCurdy, G., Fougere, L., & Douglas, 
J. (2005). Neuropsychiatric syndromes in patients with 
systemic lupus erythematosus and rheumatoid arthritis. 
The Journal of Rheumatology, 32, 1459–1466.

Harrington, D., Barreira, T., Staiano, A., & Katzmarzyk, 
P. (2014). The descriptive epidemiology of sitting 
among US adults, NHANES 2009/2010. Journal of 
Science and Medicine in Sport, 17, 371–375.

Hekler, E., Castro, C., Buman, M., & King, A. (2012). The 
CHOICE study: A “taste-test” of utilitarian vs. leisure 
walking among older adults. Health Psychology, 31, 
126–129.

Herring, M., Puetz, T., O’Connor, P., & Dishman, R. 
(2012). Effect of exercise training on depressive symp-
toms among patients with chronic illness: A systematic 
review and meta-analysis of randomized controlled tri-
als. Archives of Internal Medicine, 172, 101–111.

Hochberg, M., Altman, R., April, K., Benkhalti, M., 
Guyatt, G., McGowan, J., … Tugwell, P. (2012). 
American College of Rheumatology 2012 recommen-
dations for the use of nonpharmacologic and pharma-
cologic therapies in osteoarthritis of the hand, hip, and 
knee. Arthritis Care & Research, 64, 465–474.

Hoffman, B., Babyak, M., Chambliss, H., Sherwood, A., 
Doraiswamy, P., Coons, M., & Blumenthal, J. (2011). 
Exercise and pharmacotherapy in patients with major 
depression: One-year follow-up of the SMILE study. 
Psychosomatic Medicine, 73, 127–133.

Huang, C., Zourdos, M., Jo, E., & Ormsbee, M. (2013). 
Influence of physical activity and nutrition on obesity- 
related immune function. Scientific World Journal, 
2013, 752071.

Hurkmans, E., de Gucht, V., Maes, S., Peeters, A., Ronday, 
H., & Vliet Vlieland, T. (2011). Promoting physical 
activity in patients with rheumatoid arthritis: 
Rheumatologists’ and health professionals’ practice 
and educational needs. Clinical Rheumatology, 30, 
1603–1609.

Hurkmans, E., van der Giesen, F., Vliet Vlieland, T., 
Schoones, J., & Van den Ende, E. (2009). Dynamic exer-
cise programs (aerobic capacity and/or muscle strength 
training) in patients with rheumatoid arthritis. Cochrane 
Database of Systematic Reviews, 7, CD006853.

Irwin, M., Olmstead, R., Carrillo, C., Sadeghi, N., 
Fitzgerald, J., Ranganath, V., & Nicassio, P. (2012). 
Sleep loss exacerbates fatigue, depression, and pain in 
rheumatoid arthritis. Sleep, 35, 537–543.

Iversen, M., Brawerman, M., & Iversen, C. (2012). 
Recommendations and the state of the evidence for 
physical activity interventions for adults with rheuma-
toid arthritis: 2007 to present. International Journal of 
Clinical Rheumatology, 7, 489–503.

Jordan, A., Jurca, G., Tudor-Locke, C., Church, T., & 
Blair, S. (2005). Pedometer indices for weekly physi-
cal activity recommendations in postmenopausal 
women. Medicine and Science in Sports and Exercise, 
37, 1627–1632.

P. Katz



233

Julian, L., Gregorich, S., Tonner, C., Yazdany, J., Trupin, 
L., Criswell, L., … Katz, P. (2011). Using the Center 
for Epidemiologic Studies Depression scale to screen 
for depression in systemic lupus erythematosus. 
Arthritis Care & Research, 63, 884–890.

Julian, L., Yazdany, J., Trupin, L., Criswell, L., Yelin, E., 
& Katz, P. (2012). Validity of brief screening tools for 
cognitive impairment in RA and SLE. Arthritis Care 
& Research, 64, 448–454.

Kaleth, A., Saha, C., Jensen, M., Slaven, J., & Ang, D. 
(2013). Effect of moderate to vigorous physical activ-
ity on long-term clinical outcomes and pain severity in 
fibromyalgia. Arthritis Care & Research, 65, 
1211–1218.

Kaleth, A., Slaven, J., & Ang, D. (2014). Does increasing 
steps per day predict improvement in physical func-
tion and pain interference in adults with fibromyalgia? 
Arthritis Care & Research, 66, 1887–1894.

Kaptein, S., Backman, C., Badley, E., Lacaille, D., 
Beaton, D., Hofstetter, C., & Gignac, M. (2013). 
Choosing where to put your energy: A qualitative 
analysis of the role of physical activity in the lives of 
working adults with arthritis. Arthritis Care & 
Research, 65, 1070–1076.

Katz, P., Gregorich, S., Yazdany, J., Trupin, L., Julian, L., 
Yelin, E., & Criswell, L. A. (2011). Obesity and its 
measurement in a community-based sample of women 
with systemic lupus erythematosus. Arthritis Care & 
Research (Hoboken), 63(2), 261–268.

Katz, P., Julian, L., Tonner, M., Yazdany, J., Trupin, L., 
Yelin, E., & Criswell, L. (2012). Physical activity, obe-
sity, and cognitive impairment among women with 
systemic lupus erythematosus. Arthritis Care & 
Research, 64, 502–510.

Katz, P., Morris, A., & Yelin, E. (2006). Prevalence and 
predictors of disability in valued life activities among 
individuals with rheumatoid arthritis. Annals of the 
Rheumatic Diseases, 65, 763–769.

Katz, P., Radvanski, D., Allen, D., Buyske, S., Schiff, S., 
Nadkarni, A., … Hassett, A. (2011). Development and 
validation of a short form of the valued life activities 
disability questionnaire for rheumatoid arthritis. 
Arthritis Care & Research, 63, 1664–1671.

Katz, P., Rush, S., Trupin, L., Barton, J., Schmaju, G., 
Yazdany, J., … Margaretten, M. (2014). Obesity is a risk 
factor for depression in systemic lupus erythematosus 
(SLE). Boston, MA: American College of Rheumatology.

Katz, P., Yazdany, J., Trupin, L., Schmajuk, G., 
Margaretten, M., Criswell, L., & Yelin, E. (2013). Sex 
differences in assessment of obesity in rheumatoid 
arthritis. Arthritis Care & Research, 65, 62–70.

Katz, P., & Yelin, E. (1995). The development of depres-
sive symptoms among women with rheumatoid arthri-
tis. Arthritis and Rheumatism, 38, 49–56.

Katz, P., & Yelin, E. (2001). Activity loss and the onset of 
depressive symptoms: Do some activities matter more 
than others? Arthritis and Rheumatism, 44, 1194–1202.

Kelley, G., Kelley, K., & Hootman, J. (2015). Effects of 
exercise on depression in adults with arthritis: A sys-
tematic review with meta-analysis of randomized con-
trolled trials. Arthritis Research & Therapy, 17, 21.

Kim, C., Luedtke, C., Vincent, A., Thompson, J., & Oh, T. 
(2012). Association of body mass index with symp-
toms severity and quality of life in patients with fibro-
mylagia. Arthritis Care & Research, 64, 222–228.

Kozora, E., Hanly, J. G., Lapteva, L., & Filley, C. M. 
(2008). Cognitive dysfunction in systemic lupus ery-
thematosus: Past, present, and future. Arthritis & 
Rheumatism, 58(11), 3286–3298.

Kozora, E., Thompson, L., West, S., & Kotzin, B. (1996). 
Analysis of cognitive and psychological deficits in 
systemic lupus erythematosus patients without overt 
central nervous system disease. Arthritis and 
Rheumatism, 39, 2035–2045.

Kozora, E., Zell, J., Swigris, J., Strand, M., Duggan, E., 
Burleson, A., & Make, B. (2015). Cardiopulmonary 
correlates for cognition in systemic lupus erythemato-
sus. Lupus, 24, 164–173.

Kravitz, H., & Katz, R. (2015). Fibrofog and fibromyalgia: 
A narrative review and implications for clinical prac-
tice. Rheumatology International, 35(7), 1115–1125.

Krisknadas, R., & Cavanagh, J. (2012). Depression: An 
inflammatory illness? Journal of Neurology, 
Neurosurgery & Psychiatry, 83, 495–502.

Kroenke, C., Wu, J., Bair, M., Krebs, E., Damush, T., & 
Tu, W. (2011). Reciprocal relationship between pain 
and depression: A 12-month longitudinal analysis in 
primary care. The Journal of Pain, 12, 964–973.

Krum, E., Dessieux, O., Andrews, P., & Thompson, D. 
(2006). The relationship between daily steps and body 
composition in postmenopausal women. Journal of 
Women's Health, 15, 202–210.

Lambiasse, M., Gabriel, K., Kuller, H., & Matthews, K. 
(2013). Temporal relationships between physical 
activity and sleep in older women. Medicine and 
Science in Sports and Exercise, 45, 2362–2368.

Lavie, C., Church, T., Milani, R., & Earnest, C. (2011). 
Impact of physical activity, cardiorespiratory fitness, 
and exercise training on markers of inflammation. 
Journal of Cardiopulmonary Rehabilitation and 
Prevention, 31, 137–145.

Law, R., Markland, D., Jones, J., Maddison, P., & Thom, 
J. (2013). Perceptions of issues relating to exercise and 
joint health in rheumatoid arthritis: A UK-based ques-
tionnaires study. Musculoskeletal Care, 11(3), 
147–158.

Lee, J., Chang, R., Erhlich-Jones, L., Kwoh, C., Nevitt, 
M., Semanik, P., … Dunlop, D. (2015). Sedentary 
behavior and physical function: Objective evidence 
from the osteoarthritis initiative. Arthritis Care Res 
(Hoboken), 67(3), 366–373.

Lee, J., Dunlop, D., Ehrlich-Jones, L., Semanik, P., 
Manheim, L., & Chang, R. (2012). Public health 
impact of risk factors for physical inactivity in adults 
with rheumatoid arthritis. Arthritis Care & Research, 
64, 488–493.

Leonard, B. (2010). The concept of depression as a dys-
function of the immune system. Current Immunology 
Reviews, 6(3), 205–212.

Levy, S., Macera, C., Hootman, J., Coleman, K., Lopez, 
R., Nichols, J., … Ji, M. (2012). Evaluation of a multi- 
component group exercise program for adults with 

13 Physical Activity and Psychosocial Aspects of Arthritis



234

arthritis: Fitness and exercise with arthritis (FEPA). 
Disability and Health Journal, 5, 305–311.

Loeppenthin, K., Esbensen, B., Ostergaard, M., Jennum, 
P., Thomsen, T., & Midtgaard, J. (2014). Physical 
activity maintenance in patients with rheumatoid 
arthritis: A qualitative study. Clinical Rehabilitation, 
28, 289–299.

Loprinzi, P., & Beets, M. (2014). Need for increased pro-
motion of physical activity by health care profession-
als. Preventive Medicine, 69, 75–79.

Lotrich, F., El-Gabalawy, H., Guenther, L., & Ware, C. 
(2011). The role of inflammation in the pathophysiol-
ogy of depression: Different treatments and their 
effects. The Journal of Rheumatology, 38(Suppl 88), 
48–54.

Luppino, F., de Wit, L., Bouvy, P., Stijnen, T., Cuijpers, P., 
Penninx, B., & Zitman, F. (2010). Overweight, obe-
sity, and depression: A systematic review and meta- 
analysis of longitudinal studies. Archives of General 
Psychiatry, 67, 220–229.

Luyster, F., Chasens, E., Wasko, M., & Dunbar-Jacob, J. 
(2011). Sleep quality and functional disability in 
patients with rheumatoid arthritis. Journal of Clinical 
Sleep Medicine, 7, 49–55.

Maes, M. (2011). Depression is an inflammatory disease, 
but cell-mediated immune activation is the key com-
ponent of depression. Progress in Neuro- 
Psychopharmacology & Biological Psychiatry, 35(3), 
664–675.

Mancuso, C., Perna, M., Sargent, A., & Salmon, J. (2011). 
Perceptions and measurements of physical activity in 
patients with systemic lupus erythematosus. Lupus, 
20, 231–242.

Mancuso, C., Rincon, M., Sayles, W., & Paget, S. (2007). 
Comparison of energy expenditure from lifestyle phys-
ical activities between patients with rheumatoid arthri-
tis and healthy controls. Arthritis & Rheumatology, 57, 
672–678.

Martin, C., Church, T., Thompson, A., Earnest, C., & 
Blair, S. (2009). Exercise dose and quality of life: A 
randomized controlled trial. Archives of Internal 
Medicine, 169, 269–278.

Matheny, M., Miller, R., Shardell, M., Hawkes, W., Lenze, 
E., Magaziner, J., & Orwig, D. (2011). Inflammatory 
cytokine levels and depressive symptoms in older 
women in the year after hip fracture: Findings from 
the Baltimore Hip Studies. Journal of the American 
Geriatrics Society, 59, 2249–2255.

Matthews, C., George, S., Moore, S., Bowles, H., Blair, 
A., Park, Y., … Schatzkin, A. (2012). Amount of time 
spend in sedentary behaviors and cause-specfic mor-
tality in US adults. American Journal of Clinical 
Nutrition, 95, 437–445.

McBeth, J., Prescott, G., Scotland, G., Lovell, K., Keeley, 
P., Hannaford, P., … Macfarlane, G. (2012). Cognitive 
behavior therapy, exercise, or both for treating chronic 
widespread pain. Archives of Internal Medicine, 172, 
48–57.

McKercher, C., Schmidt, M., Sanderson, K., Patton, G., 
Dwyer, T., & Venn, A. (2009). Physical activity and 

depression in young adults. American Journal of 
Preventive Medicine, 36, 161–164.

McLoughlin, M., Stegner, A., & Cook, D. (2011). The 
relationship between physical activity and brain 
responses to pain in fibromyalgia. The Journal of Pain, 
12, 640–651.

Middleton, L., Manini, T., Simonsick, E., Harris, T., 
Barnes, D., Tylavsky, F., … Yaffe, K. (2011). Activity 
energy expenditure and incident cognitive impairment 
in older adults. Archives of Internal Medicine, 171, 
1251–1257.

Miller, A., Maletic, V., & Raison, C. (2009). Inflammation 
and its discontents: The role of cytokines in the patho-
physiology of major depression. Biological Psychiatry, 
65, 732–741.

Minor, M. (2004). Impact of exercise on osteoarthritis 
outcomes. The Journal of Rheumatology, 70, 81–86.

Munguia-Izquierdo, D., & Legaz-Arrese, A. (2007). 
Exercise in warm water decreases pain and improves 
cognitive function in middle-aged women with fibro-
myalgia. Clinical and Experimental Rheumatology, 
25, 823–830.

Murphy, S., Alexander, N., Levoska, M., & Smith, D. 
(2013). The relationship between fatigue and subse-
quent physical activity among older adults with symp-
tomatic osteoarthritis. Arthritis Care & Research, 65, 
1617–1624.

Murphy, S., & Kratz, A. (2014). Activity pacing in daily 
life: A within-day analysis. Pain, 155, 2630–2637.

Neill, J., Belan, I., & Ried, K. (2006). Effectiveness of 
non-pharmacological interventions for fatigue in 
adults with multiple sclerosis, rheumatoid arthritis, or 
systemic lupus erythematosus: A systematic review. 
Journal of Advanced Nursing, 56, 617–635.

Neuberger, G., Aaronson, L., Gajewski, B., Embretson, 
S., Cagle, P., Loudon, J., & Miller, P. (2007). Predictors 
of exercise and effects of exercise on symptoms, func-
tion, aerobic fitness, and disease outcomes in rheuma-
toid arthritis. Arthritis Care & Research, 57, 
943–952.

Nicassio, P., Ormseth, S., Kay, M., Custodio, M., Irwin, 
M., Olmstead, R., & Weisman, M. (2012). The contri-
bution of pain and depression to self-reported sleep 
disturbance in patients with rheumatoid arthritis. Pain, 
153, 107–112.

Nicassio, P., & Wallston, K. (1992). Longitudinal rela-
tionships among pain, sleep problems, and depression 
in rheumatoid arthritis. Journal of Abnormal 
Psychology, 101, 514–520.

Nikolaus, S., Bode, C., Taal, E., & van de Laar, M. (2013). 
Fatigue and factors related to fatigue in rheumatoid 
arthritis: A systematic review. Arthritis Care & 
Research, 65, 1128–1146.

Nyrop, K., Charnock, B., Martin, K., Lias, J., Altpeter, M., 
& Callahan, L. (2011). Effect of a six-week walking 
program on work place activity limitations among 
adults with arthritis. Arthritis Care & Research, 63, 
1773–1776.

O’Donnell, S., Rusu, C., Bernatsky, S., Hawker, G., 
Canizares, M., Mackay, C., & Badley, E. (2013). 

P. Katz



235

Exercise/physical activity and weight management 
efforts in Canadians with self-reported arthritis. 
Arthritis Care & Research, 65, 2015–2023.

Owen, N., Healy, G., Matthews, C., & Dunstan, D. (2010). 
Too much sitting: The population health science of 
sedentary behavior. Exercise and Sport Sciences 
Reviews, 38, 105–113.

Owen, N., Sparling, P., Healy, G., Dunstan, D., & 
Matthews, C. (2010). Sedentary behavior: Emerging 
evidence for a new health risk. Mayo Clinic 
Proceedings, 85, 1138–1141.

Palagini, L., Tani, C., Mauri, M., Carli, L., Vagnani, S., 
Bombardieri, S., … Mosca, M. (2014). Sleep disor-
ders and systemic lupus erythematosus. Lupus, 23, 
115–123.

Pasco, J., Nicholson, G., Williams, L., Jacka, F., Henry, 
M., Kotowicz, M., … Berk, M. (2010). Association of 
high-sensitivity C-reactive protein with de novo major 
depression. The British Journal of Psychiatry, 197, 
372–377.

Pate, R., O’Neill, J., & Lobelo, F. (2008). The evolving 
definition of “sedentary”. Exercise and Sport Sciences 
Reviews, 36, 173–178.

Petri, M., Nagibuddin, M., Carson, K., Sampedro, M., 
Wallace, D., Weisman, M., … Brey, R. (2008). 
Cognitive function in a systemic lupus erythematosus 
inception cohort. The Journal of Rheumatology, 35, 
1776–1781.

Poole, L., Steptoe, A., Wawrzyniak, A., Bostock, S., 
Mitchell, E., & Hamer, M. (2011). Associations of 
objectively measured physical activity with daily 
mood ratings and psychophysiological stress responses 
in women. Psychophysiology, 48(8), 1165–1172.

Prakash, R., Voss, M., Erickson, K., & Kramer, A. (2015). 
Physical activity and cognitive vitality. Annual Review 
of Psychology, 66, 769–797.

Prather, A., Rabinovitz, M., Pollock, B., & Lotrich, F. 
(2009). Cytokine-induced depression during IFN-α 
treatment: The role of IL-6 and sleep quality. Brain, 
Behavior, and Immunity, 23, 1109–1116.

Raedler, T. (2011). Inflammatory mechanisms in major 
depressive disorder. Current Opinion in Psychiatry, 
24, 519–525.

Raison, C., Capuron, L., & Miller, A. (2006). Cytokines 
sing the blues: Inflammation and the pathogenesis of 
depression. Trends in Immunology, 27, 24–31.

Raison, C., & Miller, A. (2011). Is depression an inflam-
matory disorder? Current Psychiatry Reports, 13, 
467–475.

Reading, S., Crowson, C., Rodeheffer, R., Fitz-Gibbon, P., 
Maradit-Kremers, H., & Gabriel, S. (2009). Do rheu-
matoid arthritis patients have a higher risk for sleep 
apnea? The Journal of Rheumatology, 36, 1869–1872.

Rethorst, C., Sunderajan, P., Greer, T., Grannemann, B., 
Nakonezny, P., Carmody, T., & Trivedi, M. (2013). 
Does exercise improve self-reported sleep quality in 
non-remitted major depressive disorder? Psychological 
Medicine, 43, 699–709.

Reuben, D., Judd-Hamilton, L., Harris, T., & Seeman, T. 
(2003). The associations between physical activity and 

inflammation markers in high-functioning older per-
sons: MacArthur studies of successful aging. Journal 
of American Geriatrics Society, 51, 1125–1130.

Rivenes, A., Harvey, S., & Mykletun, A. (2009). The rela-
tionship between abdominal fat, obesity, and common 
mental disorders: Results from the HUNT study. 
Journal of Psychosomatic Research, 66, 269–275.

Robertson, R., Robertson, A., Jepson, R., & Maxwell, M. 
(2012). Walking for depression or depressive symp-
toms: A systematic review. Mental Health and 
Physical Activity, 5, 66–75.

Roehrs, T., Diederichs, C., Gillis, M., Burger, A., Stout, 
R., Lumley, M., & Roth, T. (2013). Nocturnal sleep, 
daytime sleepiness and fatigue in fibromyalgia patients 
compared to rheumatoid arthritis patients and healthy 
controls: A preliminary study. Sleep Medicine, 14, 
109–115.

Rongen-van Dartel, S., Repping-Wuts, J., van Hoogmoed, 
D., Knoop, H., Bleijenberg, G., van Riel, P., & 
Fransen, J. (2014). Relationship between objectively 
assessed physical activity and fatigue in patients with 
rheumatoid arthritis: Inverse correlation of activity 
and fatigue. Arthritis Care & Research, 66, 852–860.

Rosenberg, D., Depp, C. A., Vahia, I. V., Reichstadt, J., 
Palmer, B. W., Kerr, J., … Jeste, D. V. (2010). 
Exergames for subsyndromal depression in older 
adults: A pilot study of a novel intervention. American 
Journal of Geriatric Psychiatry, 18(3), 221–226.

Rovio, S., Spulber, G., Niemen, L., Niskanen, E., Winblad, 
B., Tuomilheto, J., … Kivipelto, M. (2010). The effect 
of midlife physical activity on structural brain changes 
in the elderly. Neurobiology of Aging, 31, 1927–1936.

Schlenk, E., Lias, J., Sereika, S., Dunbar-Jacob, J., & 
Kwoh, C. (2011). Improving physical activity and 
function in overweight and obese older adults with 
osteoarthritis of the knee: A feasibility study. 
Rehabilitation Nursing, 36, 32–42.

Schmidt, M., Cleland, V., Shaw, K., Dwyer, T., & Venn, A. 
(2009). Cardiometabolic risk in younger and older 
adults across an index of ambulatory activity. American 
Journal of Preventive Medicine, 37, 278–284.

Segura-Jimenez, V., Aparicio, V., Alvarez-Gallardo, I., 
Carbonell-Baeza, A., Tornero-Quinones, I., & 
Delgado-Fernandez, M. (2015). Does body composi-
tion differ between fibromyalgia patients and con-
trols? The Al-Andalus project. Clinical and 
Experimental Rheumatology, 33(1 
Suppl 88), S25–S32.

Semanik, P., Wilbur, J., Sinacore, J., & Chang, R. (2004). 
Physical activity behavior in older women with rheu-
matoid arthritis. Arthritis & Rheumatology, 51, 
246–252.

Shaffer, J., Edmondson, D., Chaplin, W., Schwartz, J., 
Shimbo, D., Burg, M., … Davidson, K. (2011). 
Directionality of the relationship between depressive 
symptoms and C-reactive protein in patients with 
acute coronary syndromes. Psychosomatic Medicine, 
73, 370–377.

Shanely, R., Nieman, D., Henson, D., Jin, F., Knab, A., & 
Sha, W. (2013). Inflammation and oxidative stress are 

13 Physical Activity and Psychosocial Aspects of Arthritis



236

lower in physically fit and active adults. Scandinavian 
Journal of Medicine & Science in Sports, 23, 21–23.

Shelton, R., & Miller, A. (2010). Eating ourselves to death 
(and despair): The contribution of adiposity and 
inflammation to depression. Progress in Neurobiology, 
91, 275–299.

Shelton, R., & Miller, A. (2011). Inflammation in depres-
sion: Is adiposity a cause? Dialogues in Clinical 
Neuroscience, 13, 41–54.

Shin, S., Julian, L., Katz, P., & Wallhagen, M. (2011). 
Cognitive impairment in persons with rheumatoid 
arthritis. Arthritis and Rheumatism, 63(10 Suppl), 
S975.

Sieverdes, J., Ray, B., Sui, X., Lee, D., Hand, G., Baruth, 
M., & Blair, S. (2012). Association between leisure 
time physical activity and depressive symptoms in 
men. Medicine and Science in Sports and Exercise, 44, 
260–265.

Simon, G., Von Korff, M., Saunders, K., Miglioretti, D., 
Crane, P., Van Belle, G., & Kessles, R. (2006). 
Association between obesity and psychiatric disorders 
in the US adult population. Archives of General 
Psychiatry, 63, 824–830.

Smith, P., Blumenthal, J., Hoffman, B., Cooper, H., 
Strauman, T., Welsh-Bohner, K., … Sherwood, A. 
(2010). Aerobic exercise and neurocognitive perfor-
mance: A meta-analytic review of randomized con-
trolled trials. Psychosomatic Medicine, 72, 239–252.

Sofi, F., Valecchi, D., Bacci, D., Abbate, R., Gensini, G., 
Casini, A., & Macchi, C. (2011). Physical activity and 
risk of cognitive decline: A meta-analysis of prospec-
tive studies. Journal of Internal Medicine, 269, 
107–117.

Sokka, T., Häkkinen, A., Kautiainen, H., Maillefert, J., 
Toloza, S., Mørk Hansen, T., … QUEST-RA Group. 
(2008). Physical inactivity in patients with rheumatoid 
arthritis: Data from twenty-one countries in a cross- 
sectional, international study. Arthritis & 
Rheumatology, 59, 42–50.

Stanton, R., & Reaburn, P. (2014). Exercise and the treat-
ment of depression: A review of the exercise program 
variables. Journal of Science and Medicine in Sport, 
17, 177–182.

Stenstrom, C., & Minor, M. (2003). Evidence for the ben-
efit of aerobic and strengthening exercise in rheuma-
toid arthritis. Arthritis & Rheumatology, 49, 428–434.

Sterling, K., Gallop, K., Swinburn, P., Flood, E., French, 
A., Al Sawah, S., … Nixon, A. (2014). Patient- 
reported fatigue and its impact on patients with sys-
temic lupus erythematosus. Lupus, 23, 124–132.

Stewart, J., Rand, K., Mudoon, M., & Kamarck, T. (2009). 
A prospective evaluation of the directionality of the 
depression-inflammation relationship. Brain, 
Behavior, and Immunity, 23, 936–944.

Sturner, T., Gunther, K., & Brenner, H. (2000). Obesity, 
overweight and patterns of osteoarthritis: The Ulm 
Osteoarthritis Study. Journal of Clinical Epidemiology, 
53, 307–313.

Sugden, J., Sniehotta, F., Donnan, P., Boyle, P., Johnston, 
D., & McMurdo, M. (2008). The feasibility of using 

pedometers and brief advice to increase activity in 
sedentary older women—A pilot study. BMC Health 
Services Research, 8, 169.

Sui, X., Brown, W., Lavie, C., West, D., Pate, R., Payne, 
J., & Blair, S. (2015). Associations between television 
watching and car riding behaviors and development of 
depressive symptoms: A prospective studies. Mayo 
Clinic Proceedings, 90, 184–193.

Sun, K., Song, J., Lee, J., Chang, R., Eaton, C., Ehrlich- 
Jones, L., … Dunlop, E. (2014). Relationship of meet-
ing physical activity guidelines with health-related 
utility. Arthritis Care & Research, 66, 1041–1047.

Swinnen, T., Scheers, T., Lefevre, J., Dankaerts, W., & 
deVlam, K. (2014). Physical activity assessment in 
patients with axial spondyloarthritis compared to 
healthy controls: A technology-based approach. PLoS 
One, 9, e85309.

Talbot, L., Gaines, J., Huynh, T., & Metter, E. (2003). A 
home-based pedometer-driven walking program to 
increase physical activity in older adults with osteoar-
thritis of the knee: A preliminary study. Journal of the 
American Geriatrics Society, 51, 387–392.

Tanaka, R., Ozawa, J., Kito, N., & Moriyama, H. (2013). 
Efficacy of strengthening or aeorbic exercise on pain 
relief in people with knee osteoarthritis: A systematic 
review and meta-analysis of randomized controlled 
trials. Clinical Rehabilitation, 27, 1059–1071.

Taylor-Gjevre, R., Gjevre, J., Nair, B., Skomro, R., & 
Lim, H. (2010). Hypersomnolence and sleep disorders 
in a rheumatic disease population. Journal of Clinical 
Rheumatology, 16, 2555–2261.

Taylor-Gjevre, R., Nair, B., & Gjevre, J. (2013). 
Obstructive sleep apnoea in relation to rheumatoid dis-
ease. Rheumatology, 52, 15–21.

Teychenne, M., Abbott, G., Ball, K., & Salmon, J. (2014). 
Prospective associations between sedentary behavior 
and risk of depression in socio-economically disad-
vantaged women. Preventive Medicine, 65, 82–86.

Teychenne, M., Ball, K., & Salmon, J. (2008). Physical 
activity and likelihood of depression in adults: A 
review. Preventive Medicine, 46, 397–411.

Teychenne, M., Ball, K., & Salmon, J. (2010a). Physical 
activity, sedentary behavior and depression among 
disadvantaged women. Health Education Research, 
25, 632–644.

Teychenne, M., Ball, K., & Salmon, J. (2010b). Sedentary 
behavior and depression among adults: A review. 
International Journal of Behavioral Medicine, 17, 
246–254.

Treharne, G. J., Lyons, A. C., Hale, E. D., Douglas, K. M., 
Goodchild, C. E., Booth, D. A., & Kitas, G. D. (2007). 
Sleep disruption frequency in rheumatoid arthritis: 
Perceived stress predicts poor outcome over one year. 
Musculoskeletal Care, 5(1), 51–64.

Trivedi, M., Greer, T., Church, T., Carmody, T., 
Grannemann, B., Galper, D., … Blair, S. (2011). 
Exercise as an augmentation treatment for nonremit-
ted major depressive disorder: A randomized, parallel 
dose comparison. Journal of Clinical Psychiatry, 72, 
677–684.

P. Katz



237

Tudor-Locke, C., Bell, R., Myers, A., Harris, S., 
Ecclestone, N., Lauzon, N., & Rodger, N. (2004). 
Controlled outcome evaluation of the First Step 
Program: A daily physical activity intervention for 
individuals with type II diabetes. International Journal 
of Obesity and Related Metabolic Disorders, 28, 
113–119.

Tudor-Locke, C., Craig, C., Aoyagi, Y., Bell, R., Croteau, 
K., De Bourdeaudhuij, I., … Blair, S. (2011). How 
many steps/day are enough? For older adults and spe-
cial populations. International Journal of Behavioral 
Nutrition and Physical Activity, 8, 80.

Tudor-Locke, C., Hatano, Y., Pangrazi, R., & Kang, M. 
(2008). Revisiting “how many steps are enough?”. 
Medicine & Science in Sports & Exercise, 40(Suppl 
7), S537–S543.

Tudor-Locke, C., Leonardi, C., Johnson, W., Katzmarzyuk, 
P., & Church, T. (2011). Accelerometer steps/day 
translation of moderate-to-vigorous activity. 
Preventive Medicine, 53, 31–33.

Tudor-Locke, C., & Lutes, L. (2009). Why do pedometers 
work? Sports Medicine, 39, 981–993.

U.S. Department of Health and Human Services. (2008). 
Physical activity guidelines for Americans. Retrieved 
November 27, 2012, from www.health.gov/
paguidelines

Unterman, A., Nolte, J., Boaz, M., Abady, M., Shoenfeld, 
Y., & Zandman-Goddard, G. (2011). Neuropsychiatric 
syndromes in systemic lupus erythematosus: A 
 meta- analysis. Seminars in Arthritis and Rheumatism, 
41(1), 1–11.

Vallance, J., Winkler, E., Gardiner, P., Healy, G., Lynch, 
B., & Owen, N. (2011). Associations of objectively- 
assessed physical activity and sedentary time with 
depression: NHANES (2005-2006). Preventive 
Medicine, 53, 284–288.

van der Goes, M., Hoes, J., Cramer, M., van der Veen, M., 
van der Werf, J., Bijlsma, J., & Jacobs, J. (2014). 
Identifying factors hampering physical activity in 
longstanding rheumatoid arthritis: What is the role of 
glucocorticoid therapy? Clinical and Experimental 
Rheumatology, 32, 155–161.

Visser, M., Bouter, L., McQuillan, G., Wener, M., & 
Harris, T. (1999). Elevated C-reactive protein levels in 
overweight and obese adults. Journal of the American 
Medical Association, 282, 2131–2135.

Vogelzangs, N., Beekman, A., Boelhouwer, I., Bandinelli, 
S., Milaneschi, Y., Ferrucci, L., & Penninx, B. (2011). 
Metabolic depression: A chronic depressive subtype? 
Findings from the InCHIANTI study of older persons. 
Journal of Clinical Psychiatry, 72(5), 598–604.

Vogelzangs, N., Kritchevsky, S., Beekman, A., Brenes, 
G., Newman, A., Satterfield, S., … Health ABC Study. 
(2010). Obesity and onset of significant depressive 
symptoms: Result from a prospective community- 
based cohort study of older men and women. Journal 
of Clinical Psychiatry, 71, 391–399.

Volkmann, E., Grossman, J., Sahakian, L., Skaggs, B., 
FitzGerald, J., Ragavendra, N., … McMahon, M. 
(2010). Low physical activity is associated with proin-

flammatory high-density lipoprotein and increased 
subclinical atherosclerosis in women with systemic 
lupus erythematosus. Arthritis Care & Research 
(Hoboken), 62, 258–265.

Wallis, J., Webster, K., Levinger, P., & Taylor, N. (2013). 
What proportion of people with hip and knee osteoar-
thritis meet physical activity guidelines? A systematic 
review and meta-analysis. Osteoarthritis and 
Cartilage, 21, 1648–1659.

Walsh, J., McFadden, M., Morgan, M., Sawitzke, A., 
Duffin, K., Krueger, G., & Clegg, D. (2014). Work 
productivity loss and fatigue in psoriatic arthritis. The 
Journal of Rheumatology, 41, 1670–1674.

Walsh, J., & McWilliams, D. (2014). Mechanisms, impact 
and management of pain in rheumatoid arthritis. 
Nature Reviews. Rheumatology, 10, 581–592.

Weuve, J., Kang, J., Manson, J., Breteler, M. M. B., Ware, 
J., & Grodstein, F. (2004). Physical activity, including 
walking, and cognitive function in older women. 
Journal of the American Medical Association, 
292(12), 1454–1461.

White, D., Tudor-Locke, C., Zhang, Y., Fielding, R., 
LaValley, M., Felson, D., … Neogi, T. (2014). Daily 
walking and the risk of incident functional limitation 
in knee OA: An observational study. Arthritis Care & 
Research (Hoboken), 66(9), 1328–1336.

Williams, D., Matthews, C., Rutt, C., Napolitano, M., & 
Marcus, B. (2008). Interventions to increase walking 
behavior. Medicine & Science in Sports & Exercise, 
40(Suppl 7), S567–S573.

Williamson, G. (2000). Pain, functional disability, and 
depressed affect. In G. Williamson, D. Shaffer, & 
P. Parmelee (Eds.), Physical illness and depression in 
older adults (pp. 51–64). New York: Kluwer 
Academic/Plenum Publishers.

Williamson, G., & Schulz, R. (1992). Pain, activity restric-
tion, and symptoms of depression among community- 
residing elderly adults. Journal of Gerontology: 
Psychological Sciences, 47, P367–P372.

Williamson, G., & Schulz, R. (1995). Activity restriction 
mediates the association between pain and depressed 
affect: A study of younger and older adult cancer 
patients. Psychology and Aging, 10, 369–378.

Wolfe, F., Hawley, D., & Wilson, K. (1996). The preva-
lence and meaning of fatigue in rheumatic disease. 
The Journal of Rheumatology, 23, 1407–1417.

Yaffe, K., Barnes, D., Nevitt, M., Lui, L., & Covinsky, K. 
(2001). A prospective study of physical activity and 
cognitive decline in elderly women: Women who walk. 
Archives of Internal Medicine, 161, 1703–1708.

Yaffe, K., Fiocco, A., Lindquist, K., Vittinghoff, E., 
Simonsick, E., Newman, A., … Health ABC Study. 
(2009). Predictors of maintaining cognitive function 
in older adults: The Health ABC study. Neurology, 72, 
2029–2035.

Yates, T., Khunti, K., Wilmot, E., Brady, E., Webb, D., 
Srinivasan, B., … Davies, M. (2012). Self-reported 
sitting time and markers of inflammation, insulin 
resistance, and adiposity. American Journal of 
Preventive Medicine, 42, 1–7.

13 Physical Activity and Psychosocial Aspects of Arthritis

http://www.health.gov/paguidelines
http://www.health.gov/paguidelines


238

Zhao, G., Ford, E., Dhingra, S., Li, G., Strine, T., & 
Mokdad, A. (2009). Depression and anxiety among 
US adults: Associations with body mass index. 
International Journal of Obesity, 33, 257–266.

Zhu, N., Jacobs, D. J., Schreiner, P., Yaffe, K., Bryan, N., 
Launer, L., … Sternfeld, B. (2014). Cardiorespiratory 
fitness and cognitive function in middle age: The 
CARDIA study. Neurology, 82, 1339–1346.

References for Figure 13.2

Alentorn-Geli, E., Padilla, J., Moras, G., Lazaro, H. C., & 
Fernandez-Sola, J. (2008). Six weeks of whole-body 
vibration exercise improves pain and fatigue in women 
with fibromyalgia. Journal of Alternative and 
Complementary Medicine, 14, 975–981.

Buckelew, S. P., Conway, R., Parker, J., Deuser, W. E., 
Read, J., Witty, T. E., … Kay, D. R. (1998). 
Biofeedback/relaxation training and exercise interven-
tions for fibromyalgia: A prospective trial. Arthritis 
and Rheumatism, 11, 196–209.

Daltroy, L. H., Robb-Nicholson, C., Iversen, M. D., 
Wright, E. A., & Liang, M. H. (1995). Effectiveness of 
minimally supervised home aerobic training in 
patients with systemic rheumatic disease. British 
Journal of Rheumatology, 34, 1064–1069.

Fransen, M., Mairn, L., Winstanley, J., Lam, P., & 
Edmonds, J. (2007). Physical activity for osteoarthritis 
management: A randomized controlled clinical trial 
evaluating hydrotherapy or Tai Chi classes. Arthritis 
and Rheumatism, 57, 407–414.

Gowans, S. E., deHueck, A., Voss, S., Silaj, A., Abbey, 
S. E., & Reynolds, W. J. (2001). Effect of a random-
ized, controlled trial of exercise on mood and physical 
function in individuals with fibromyalgia. Arthritis 
and Rheumatism, 57, 407–414.

Haak, T., & Scott, B. (2008). The effect of Qigong on 
fibromyalgia (FMS): A controlled randomized study. 
Disability and Rehabilitation, 30, 625–633.

Hakkinen, A., Hakkinen, K., Hannonen, P., & Alen, M. 
(2001). Strength training induced adaptations in neu-
romuscular function of premenopausal women with 
fibromyalgia: Comparison with healthy women. 
Annals of the Rheumatic Diseases, 60, 21–26.

Ide, M. R., Laurindo, I. M. M., Rodrigues, A. L., & 
Tanaka, C. (2008). Effect of aquatic respiratory 
exercise- based program in patients with fibromyalgia. 
International Journal of Rheumatic Diseases, 11, 
131–140.

Jones, K. D., Burckhardt, C. S., Deodhar, A. A., Perrin, 
N. A., Hanson, G. C., & Bennett, R. M. (2008). A six- 
month randomized controlled trial of exercise and pyr-
idostigmine in the treatment of fibromyalgia. Arthritis 
and Rheumatism, 58, 612–622.

Komatireddy, G. R., Leitch, R. W., Cella, K., Browning, 
G., & Minor, M. (1997). Efficacy of low load resistive 
muscle training in patients with rheumatoid arthritis 

functional class II and III. The Journal of 
Rheumatology, 24, 1531–1539.

Mannerkorpi, K., Nyberg, B., Ahlmen, M., & Ekdahl, C. 
(2000). Pool exercise combined with an education 
program for patients with fibromyalgia syndrome. A 
prospective, randomized study. The Journal of 
Rheumatology, 27, 2473–2481.

Minor, M. A., Hewett, J. E., Webel, R. R., Anderson, 
S. K., & Kay, D. R. (1989). Efficacy of physical con-
ditioning exercise in patients with rheumatoid arthritis 
and osteoarthritis. Arthritis and Rheumatism, 32, 
1396–1405.

Neuberger, G. B., Aaronson, L. S., Gajewski, B., 
Embretson, S. E., Cagle, P. E., Loudon, J. K., & Miller, 
P. A. (2007). Predictors of exercise and exercise 
effects on symptoms, aerobic fitness, and disease out-
comes of rheumatoid arthritis. Arthritis and 
Rheumatism, 57, 943–952.

O’Reilly, S. C., Muir, K. R., & Doherty, M. (1999). 
Effectiveness of home exercise on pain and disability 
from osteoarthritis of the knee: A randomized con-
trolled trial. Annals of the Rheumatic Diseases, 58, 
15–19.

Patrick, D. L., Ramsey, S. D., Spencer, A. C., Kinne, S., 
Belza, B., & Topolski, T. D. (2001). Economic evalu-
ation of aquatic exercise for persons with osteoarthri-
tis. Medical Care, 39, 413–424.

Rooks, D. S., Gautum, S., Romeling, M., Cross, M. L., 
Stratigakis, D., Evans, B., Goldenberg, D. L., Iversen, 
M. D., Katz, J. N. (2007). Group exercise, education, 
and combination self-management in women with 
fibromyalgia: A randomized trial. Archives of Internal 
Medicine, 167, 2192–2200.

Sanudo, B., Galiano, D., Carrasco, L., de Hoyo, M., & 
McVeigh, J. G. (2011). Effects of a prolonged exercise 
program on key health outcomes in women with fibro-
myalgia: A randomized controlled trial. Journal of 
Rehabilitation Medicine, 43, 521–526.

Schachter, C. L., Busch, A. J., Peloso, P. M., & Sheppard, 
M. S. (2003). Effects of short versus long bouts of 
aerobic exercise in sedentary women with fibromyal-
gia: A randomized controlled trial. Physical Therapy, 
83, 340–358.

Sencan, S., Ak, S., Karan, A., Muslumanoglu, L., Ozcan, 
E., & Berker, E. (2004). A study to compare the thera-
peutic efficacy of aerobic exercise and paroxetine in 
fibromyalgia syndrome. Journal of Back and 
Musculoskeletal Rehabilitation, 17, 57–61.

Tomas-Carus, P., Gusi, N., Hakkinen, A., Hakkinen, K., 
Leal, A., & Ortega-Alonso, A. (2008). Eight months of 
physical training in warm water improves physical 
and mental health in women with fibromyalgia: A ran-
domized controlled trial. Journal of Rehabilitation 
Medicine, 40, 248–252.

Tomas-Carus, P., Gusi, N., Leal, A., Garcia, Y., & Ortega- 
Alonso, A. (2007). The fibromyalgia treatment with 
physical exercise in warm water reduces the impact of 
the disease on female patients’ physical and mental 
health. Reumatologia Clinica, 3, 33–37.

P. Katz



239

Valim, V., Oliveira, L., Suda, A., Silva, L., de Assis, M., 
Barros, N. T., … Natour, J. (2003). Aerobic fitness in 
fibromyalgia. The Journal of Rheumatology, 30, 
1060–1069.

Valkeinen, H., Alen, M., Hannonen, P., Hakkinen, A., 
Airaksinen, O., & Hakkinen, K. (2004). Changes in 
knee extension and flexion force, EMG and functional 
capacity during strength training in older females with 
fibromyalgia and healthy controls. Rheumatology 
(Oxford), 43, 225–228.

Wang, C., Schmid, C. H., Hibberd, P. L., Kalish, R., 
Roubenoff, R., Rones, R., McAlindon, T. (2009). Tai 

Chi is effective in treating knee osteoarthritis: A ran-
domized controlled trial. Arthritis and Rheumatism, 
61, 1545–1553.

Wang, C., Schmid, C. H., Rones, R., Kalish, R., Yinh, J., 
Goldenberg, D. L., Lee, Y., McAlindon, T. (2010). A 
randomized trial of tai chi for fibromyalgia. New 
England Journal of Medicine, 363, 743–754.

Wigers, S. H., Stiles, T. C., & Vogel, P. A. (1996). 
Effects of aerobic exercise versus stress manage-
ment treatment in fibromyalgia. A 4.5 year prospec-
tive study. Scandinavian Journal of Rheumatology, 
25, 77–86.

13 Physical Activity and Psychosocial Aspects of Arthritis


	13: Physical Activity and Psychosocial Aspects of Arthritis
	Exercise, Physical Activity, Physical Inactivity, Sedentary Time
	 Physical Activity Levels in People with Rheumatic Diseases
	 Psychological Impact of Physical Activity
	Physical Activity and Depression
	General Population
	 Rheumatic Conditions
	 Why Might Physical Activity Influence Depression?

	 Physical Activity and Well-Being

	 Physical Activity and Cognitive Function
	Cognitive Impairment in Rheumatic Conditions
	 Physical Activity and Cognitive Impairment in Population Studies
	 Physical Activity and Cognitive Impairment in Rheumatic Conditions

	 Interventions and implementation
	Barriers
	 Practical Solutions

	 Summary
	References
	References for Figure 13.2



