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Abstract

Objective: To characterize physical activity (PA) in individuals with rheumatoid arthritis (RA)
and determine the associations between PA participation in light to moderate intensities and
cardiovascular risk factors, disability, and disease activity.

Methods: Cross-sectional study using data from two RA cohorts. PA was measured using an
accelerometry-based activity monitor, and characterized as minutes/day in sedentary (<1 metabolic
equivalent-MET), very light (1.1-1.9 METS), light (2-2.9 METS), and moderate activities (=3
METSs). Cardiovascular markers included body mass index, blood pressure, insulin resistance, and
lipid profile. Disability and disease activity were measured with the Health Assessment
Questionnaire (HAQ) and Disease Activity Score-28 (DAS-28), respectively. Associations
between PA at each intensity and health-markers were assessed by multiple linear regression
models adjusted by age, sex, and cohort.

Results: Ninety-eight subjects (58 + 9 years, 85% female) were included. Subjects spent 9.8
hours/day being sedentary, 3.5 hours/day in very light PA, 2.1 hours/day in light PA and 35
minutes/day in moderate PA. Only 17% were physically active (=150 minutes/week of moderate
PA in 10-minute bouts). Regression models showed that very light, light and moderate PA were
inversely associated with most cardiovascular risk factors, the HAQ, and DAS-28 scores
(R2Arange: .04 to .52, p <.05). The associations between PA and cardiovascular markers were
either equivalent or stronger at very light- and light-intensities as compared to moderate-intensity.

Conclusions: Individuals with RA are mostly active at very light and light intensities. PA at
these intensities associate favorably with cardiovascular markers, and lower disability and disease
activity in RA.
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Physical activity (PA) includes both structured and non-structured activities, and is generally
classified as light, moderate, or vigorous intensity, depending on the effort or amount of
energy expended by an individual during the activity. According to the 2008 PA guidelines
from the U.S. Department of Health and Human Services, regular participation in PA of
moderate or vigorous intensity improves health and reduces morbidity and mortality.(1)
However, individuals with chronic and physically debilitating conditions may not be able to
participate in PA of moderate and vigorous intensities as recommended by the guidelines.

Joint disease in rheumatoid arthritis (RA) often limits participation in moderate and vigorous
physical activities. Individuals with RA generally tend to be sedentary as a result of poly-
articular pain, stiffness, fatigue, and functional limitations (2—4). In a cross-sectional study
of patients with RA from 21 countries, around 71% reported being sedentary and not
engaging in regular physical activity (2) While a physically active lifestyle in RA is
important to decrease the risk of cardiovascular disease, (5) it might be unreasonable to
expect that all individuals with RA can shift from their habitual sedentary behavior to
regular participation in PA at moderate or higher intensity. Whereas evidence does not
suggest any detrimental effects of PA at high intensity on RA disease severity and
progression, (6-9) presence of joint pain, swelling, fatigue and discomfort may interfere
with the ability to participate in PA at this level. Periods of active RA flares, presence of
extensive poly-articular disease or high disease activity may also decrease tolerance to PA at
high intensities. On the other hand, light-intensity activities are less demanding and more
tolerable than high intensities, thereby making them easier to sustain or accumulate over
longer durations. Prolonged periods of inactivity or sedentary behavior are also likely to be
broken more frequently with light-intensity PA than with moderate or vigorous PA. Thus,
participating in light-intensity PA can serve as a strategy to keep individuals with RA
moving throughout the day, and also as a transition step towards activities of greater
intensity.

Studies in RA have not investigated the benefits of accruing substantial amounts of time in
light-intensity PA, but emerging evidence in non-RA populations suggests promising
benefits of light-intensity PA.(10-14) In healthy older adults, light-intensity PA showed
similar associations with good physical and psychosocial well-being, (10) and lower odds of
being depressed (11) as did moderate-to-vigorous intensity. In adults with diabetes,
significant associations between light-intensity PA and lower markers of systemic
inflammation (white blood cell and neutrophil count), and lower fasting blood glucose levels
were reported.(12, 15) Two studies in individuals with knee osteoarthritis (13, 14)
demonstrated that light-intensity PA was associated with reduced incident disability during
activities of daily living, (13) and better physical function.(14). Growing evidence also
suggests that merely achieving the recommendations of 150 minutes/week in moderate
intensity PA is not enough to counteract the deleterious effects of several hours of sedentary
behavior accumulated through the remainder of the day.(16) In fact, one randomized trial in
sedentary healthy adults demonstrated that spending 6 hours/day in light-intensity PA
improved plasma glucose and lipid levels to a greater extent than exercising for one hour/day
at vigorous-intensity.(17) These observations thus highlight the benefits of remaining active
even at lower intensities.
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PA is important for both cardiovascular health and physical function. As those with RA may
have difficulty reaping the well-known benefits of moderate or vigorous PA, determining the
benefits of light-intensity PA might help encourage participation in activities that are feasible
and safe regardless of disability level, and subsequently reduce sedentary behaviors.
Therefore, the aim of this study was to characterize PA behavior in individuals with RA,
with focus on time spent in PA of light-intensity, and to determine the associations between
participation in PA of light to moderate intensities and cardiovascular markers of health,
such as body mass index, blood pressure, blood cholesterol and insulin resistance, as well as
disability status and RA disease activity.

MATERIAL AND METHODS

Study Design

This is a cross-sectional analysis of PA accelerometry data in adults with RA collected from
two research studies conducted at the University of Pittsburgh between 2007 and 2013.(18—
21) Both studies were approved by the University of Pittsburgh Institutional Review Board,
and informed consent was obtained from all eligible participants prior to study enrollment.

Study Sample

The first study was a prospective cohort study that assessed subclinical cardiovascular
disease and associated risk factors in women with RA.(18-20) Participants were at least 30
years old with an established diagnosis of RA in accordance with 1987 American College of
Rheumatology criteria (22) for at least two years prior to study enrollment. Individuals with
history of cardiovascular events were excluded. PA measures in this study were obtained
between November 2007 and July 2008 in 47 subjects who returned for the five-year follow-
up visit.

The second study was a randomized clinical study investigating the effect of a 16-week
lower extremity strengthening exercise intervention on muscle function.(21) Eligible
participants were those at least 21 years of age, diagnosed with RA in accordance with the
American College of Rheumatology criteria (22), able to ambulate independently, and
without cardiovascular or neuromuscular diseases that would preclude them from
participating in muscle strengthening program. This randomized trial was conducted
between December 2009 to September 2013, and PA data were collected in 60 subjects
during their baseline visit.

Study Procedures and Measurements

In both study cohorts trained personnel collected demographical information, measured
height, weight, resting blood pressure, and self-reported disability, assessed RA history and
disease severity, and performed phlebotomy. All demographic and clinical data from both
studies were obtained during the same time point as the PA measures. Body mass index was
calculated from weight and height using formula weight/height?. Blood pressure was
measured after 10 minutes of rest. Disability was measured using the Health Assessment
Questionnaire (HAQ), which is a widely used and validated tool to assess limitations during
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activities of daily living. (23) The HAQ includes 20 activities of daily living, and its score
ranges from 0 (no disability) to 3 (severe disability).

Measures from fasting blood samples included glucose, insulin, high-density lipoproteins
(HDL), low-density lipoproteins (LDL), triglycerides, and erythrocyte sedimentation rate
(ESR). Insulin resistance was calculated from glucose and insulin levels using the Oxford
formula for Homeostasis Model Assessment (HOMA-IR).(24) Disease activity was
measured using the Disease Activity Score (DAS-28), which combines the number of tender
and swollen joints, ESR levels, and patient’s rating of global health to produce a score. In
the DAS-28, scores < 3.2 indicate low disease activity, scores = 3.2 < 5.1 indicate moderate
disease activity and scores > 5.1 indicate high disease activity. (25) The blood assays were
run in the Heinz Nutrition Laboratory at the Graduate School of Public Health, University of
Pittsburgh. The lab is included in the CDC-NHLBI Lipid Standardization Program and is
accredited by the Clinical Laboratory Improvement Amendment.

PA was objectively measured by the Sensewear Armband (SWA, Bodymedia Inc, Pittsburgh
PA). The SWA is a multi-sensor portable activity monitor that combines data from biaxial
accelerometers, heat flux, skin temperature, and galvanic signals. The SWA has shown to
yield reliable and valid measures of PA in older adults and people with disability.(26—-28) On
the day of the study visit, participants were given the SWA and instructed to wear it on the
back of their right arm (over the triceps muscle) for 8 consecutive days, up to 24 hours per
day, except during water activities. At the end of the wear period, the SWA was returned to
the study site and data were downloaded using Sensewear Professional v6.1 software
(Bodymedia Inc, Pittsburgh PA). Participants in whom the monitors recorded at least 5 days
with 10 hours of data per day were included in the data analysis. (18)

PA data obtained from the monitors were categorized into four intensity categories based on
amount of energy expenditure in metabolic equivalents (METS).(29) Sedentary behavior
represented activities that required up to 1 MET that were done while being awake, very
light-intensity represented activities between 1.1 and 1.9 METSs, light-intensity were
activities between 2.0 and 2.9 METSs, whereas moderate intensity represented activities equal
or above 3 METSs. Activities done laying down and while sitting such as watching TV,
reading or computer work are examples of sedentary behavior; washing dishes, cleaning
windows, or folding laundry are examples of very light-intensity; lawn mowing, vacuuming
and slow walking are examples of light-intensity; and swimming, brisk walk, or golfing are
examples of moderate-intensity. The time spent in each intensity category per day was
recorded in minutes (min/day). The moderate- and vigorous-intensity activities were
combined since our sample engaged in negligible vigorous-intensity activities. PA was also
characterized as the average daily number of steps, and the proportion of the sample that met
the weekly PA recommendation of 150 minutes in moderate-intensity PA in bouts of 10
minutes. (1) Time spent in activities of moderate-to-vigorous intensity in 10-minute bouts
was summed across the days included in the analysis.

Statistical Analysis

Subject characteristics and PA behavior at each intensity were described using mean
(standard deviation) or median (25-75 quartiles) for continuous data and frequencies for
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categorical data. Relationships between the number of minutes spent sedentary, on very
light-, light- and moderate-intensity PA (independent variables), and cardiovascular risk
factors, disability and disease activity (dependent variables) were examined using Pearson or
Spearman’s correlation coefficients and linear regression models. The contribution of each
number of minutes spent on sedentary, and on very light-, light- and moderate-intensity PA
to each dependent variable was assessed using separate linear regression models. Each linear
regression model was adjusted by cohort, gender, and age. The contribution of time spent in
each PA level with each dependent variable was assessed by the magnitude and significance
of the R? change (R2A) statistic. Small magnitude of RZ A corresponds to .01, moderate to .
09 and large to 0.25. (30) Regression diagnostics were run and data transformations were
used as needed in order to not violate the assumptions for linear regression (i.e., normality of
the error distribution, linearity, homoscedasticity). All statistical analyses were performed
using the IBM SPSS software, version 21. (IBM Corporation)

RESULTS

Of 107 participants in both cohorts, 9 did not have PA data for at least 5 days of 10 hours
and were excluded from analysis. The characteristics of the remaining 98 participants are
described in Table 1. Participants had an average age of 58 + 9 years, who were overweight,
and mostly female. Participants had a median disease duration of 14 years, median DAS-28
score of 3.4, corresponding to moderate disease activity, (25) and a median HAQ score of
0.75, reflecting relatively low disability.

PA behavior in sedentary, very light, light and moderate intensities is characterized in Figure
1. The portable monitors were worn for an average of 23 hours per day for 7 days. Median
time spent in sedentary activities performed while awake was 589 min/day (9.8 hours/day),
very light-intensity activity was 208 min/day (3.5 hours/day), light-intensity activity was 128
min/day (2.1 hours/day), and moderate-intensity activity was 36 min/day. Median number of
steps per day were 6324. Although these data show that participants accumulated more than
half-hour a day in moderate-intensity activities, most of these activities were in bouts of less
than 10 minutes. Only 17% of subjects achieved the weekly PA guidelines of 150 minutes/
week of moderate intensity activity in bouts of at least 10 minutes. For the calculation of
those who achieved PA guidelines, 90 of the 98 participants (92%) had PA data for 7 days of
the week. For those 8 subjects with less than 7 days of PA data, we observed the pattern of
PA per day to adjudicate whether they would have met the guidelines if data for 7 days were
available. In our sample, six participants with less than 7 days (5 or 6 days of PA data) had
negligible amounts of moderate PA during this period and hence were deemed as not
meeting the guidelines, while two participants had 20 ten-minute bouts, and were included
in the 17% that met the PA guidelines.

The bivariate correlations between PA levels and cardiovascular risk factors, disability and
disease activity are shown in Table 2. PA was inversely associated with cardiovascular risk
factors, disability and disease activity, while sedentary behavior directly associated with
cardiovascular risk factors, disability and disease activity. PA at all intensities showed
moderate to strong inverse associations with BMI, blood pressure, disease activity, disability
and insulin resistance (p < .05). PA at very light- and light-intensity showed significant small
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to moderate inverse associations with HDL, PA at very light-intensity showed a significant
but small inverse association with triglycerides (p < .05), and PA did not associate with
LDL.

The results of the linear regression models are shown in Table 3. For the analyses with
cardiovascular risk factors, BMI, systolic blood pressure, insulin resistance, HDL, LDL, and
triglycerides were transformed (log-base 10) to meet the assumptions of linear regression.
After controlling for age, gender and cohort, greater time spent in PA at very light, light and
moderate intensities was significantly associated with lower BMI, lower diastolic and
systolic blood pressure, better insulin sensitivity and higher HDL levels (p <.05). In contrast,
greater time spent in sedentary behavior was significantly associated with these outcomes in
the opposite direction (p < .05). PA was not associated with LDL and triglycerides.

For BMI, PA at all intensities showed large inverse associations, but the magnitude of effect
in very light and light PA was more than double (R2A = .40 and .52, respectively) compared
to moderate-intensity (R2A = .19). In contrast, sedentary behavior showed a large positive
association with BMI (R2A = .54). Very light-intensity PA also showed greater inverse
associations of moderate effect size with diastolic (R?A = .15) and systolic blood pressure
(R2A = .12) compared to light and moderate intensities (R2A range: .04 to .08). On the
contrary, sedentary behavior showed moderate but positive associations with diastolic and
systolic blood pressure (R2A = .11 and .13, respectively). PA at all intensities also showed
significant small to moderate associations with higher HDL levels (R2A range between .03
to .08), and with better insulin sensitivity (R?A range: .08 to .17), while sedentary behavior
showed significant associations with lower HDL (R2A = .05) and lower insulin sensitivity
(R2A = .16).

The analyses between PA levels, disability and disease activity demonstrated that after
controlling for age, gender and cohort, PA was inversely associated with disability and
disease activity, while sedentary behavior was positively associated disability and disease
activity. Disability was the only outcome in which moderate-intensity PA showed larger
associations compared to very light and light intensities. Greater time in moderate PA
associated moderately with higher HAQ scores (R?A = .11, p<.05), while very light and
light PA showed small associations (R2A= .05, p <.05). Disease activity was only
significantly associated with very light-intensity PA, and the magnitude of the association
was small (R2A = .04, p=.004).

DISCUSSION

To our knowledge, the current study is the first to characterize objectively measured, free-
living PA across the entire spectrum from sedentary behavior to moderate-intensity in
individuals with RA. This is in contrast to previous reports in RA that did not characterize or
report PA across different intensity categories. (5, 19, 31, 32) The findings confirm that
individuals with RA are largely sedentary and spend the majority of their PA in light
intensities. Only 17% of participants met the PA guidelines, which is similar to other reports
in arthritis, (14, 33, 34) but lower than the reported rate of 44-64% in the general
population.(35, 36) The daily number of steps walked by the participants (6234) corresponds
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to being low-active. (37) The current study is also unique because it investigated the
associations between PA at these different intensities and cardiovascular risk factors. To
date, only one study in RA assessed the cardiovascular risk profile amongst those who were
active and inactive. Metsios et al reported that individuals who were more active had lower
blood cholesterol (LDL and triglycerides), lower systolic blood pressure and lower HOMA.-
IR compared to those who were inactive, which suggest a favorable effect of PA on
cardiovascular risk profile. However, the study only compared being active versus inactive,
and did not assess PA across the continuum from light to moderate intensities. (5)

Study findings indicate that time spent in very light and light intensities also have beneficial
associations with markers of cardiovascular health, as PA at these intensities showed
moderate to large associations with more favorable BMI, blood pressure, HDL, and insulin
sensitivity. To date, the effect of light-intensities PA on cardiovascular health has not been
investigated in adults with RA, but has been examined in two cross-sectional studies in
healthy older adults. One study demonstrated that those who participated in less than 300
minutes/week of light intensity PA had higher values of BMI, blood pressure and insulin
resistance, and were at higher risk of comorbidity (Relative Risk: 1.35; 95% CI [1.24;1.47])
compared to those who participated in more than 300 minutes/week of light-intensity PA.
(38) The second study demonstrated that those who did not participate in 150 minutes/week
of moderate to vigorous PA, but spent more time in light PA than being sedentary, had lower
triglyceride levels and higher insulin sensitivity compared to those who spent less time in
light PA and more time being sedentary. (39) The current study also demonstrated that light
PA is significantly associated with lower disability in individuals with RA. While previous
studies in RA reported that greater time spent in PA was associated with lower disability,
(19, 40) these studies did not specifically assess the contribution of PA at light intensities.

Previous studies in RA that measured PA (5, 18, 19, 31, 32, 41, 42) did not characterize or
measure PA across different intensity categories, and data specifically for participation at
light intensities is limited. To date, only two studies in RA reported PA at light intensity, and
neither investigated the effect of light intensity PA on cardiovascular risk factors. (40) (43)
Hernandez et al reported 56 min/day (40) while Semanik et al reported 68 min/day (43),
which are considerably lower than our finding of 328 min/day (very-light and light
combined). The discrepancy in findings could be attributed to the different methods used to
measure PA. Semanik et al measured PA using self-reported questionnaires, which may have
contributed to the underestimation of activities of low intensity, while overestimating
activities at moderate-intensity. (28) The lesser amount of PA at light intensities reported in
Hernandez et al (40) could be due to the waist-mounted accelerometers utilized, which have
demonstrated to underestimate PA and not captured upper body movements. (E.g., raking
leaves, cooking, or vacuuming). (28) The observation that PA was not accurately captured is
further supported by the similar number of steps/day reported in Hernandez et al and in our
cohort (6200 vs 6234 steps/day), which suggests that the amount of PA actually performed
was not very different between the cohorts.

The study results are relevant to research and clinical practice as PA is generally measured at
moderate intensity. However, in a population that spends so little time in moderate intensity
PA, it may not be reasonable to track or promote PA participation solely at moderate
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intensities. According to the current recommendations, at least 150 minutes/week of
moderate intensity in bouts of at least 10-minute bouts are necessary for health benefits.
Although our sample accrued about 35 minutes of moderate intensity PA per day, majority
of PA at this intensity was in very short bouts of 1 to 5 minutes, which falls far below the
recommendations for health benefits. On the other hand, our sample spent between two and
four hours per day in light activities. Hence, light activities provide a better representation of
PA in individuals with RA, and should be considered to accurately track progress toward
becoming more active.

Regular PA is necessary not only to improve function and independence during daily
activities, but also to reduce cardiovascular mortality, (5-7) which is nearly two-fold greater
in RA compared to the general population. (44) Individuals with RA also tend to be more
overweight and have higher body fat, (45) and commonly present with co-morbid conditions
such as hypertension, infections, and anxiety or depression disorders that worsen their
overall health. (44, 46, 47) Thus, the combination of high mortality and morbidity along
with the debilitating effects of the RA disease itself underscores the need for effective
preventative measures specifically, exercise and PA promotion. While the benefits of
structured PA at moderate intensity on cardiovascular health and physical function are
recognized, (48-50) the benefits of participating in light-intensity PA are not established.
The findings of this study suggest that PA at light intensities may also influence
cardiovascular and metabolic health in individuals with RA. Hence, the goals for PA
promotion in such individuals should not necessarily focus on increasing participation in
moderate intensity activities to meet the current PA guidelines, but should be tailored
towards reducing sedentary time and increasing time spent in PA at light intensities.

The current study is not without limitations. The RA population examined in this study were
sedentary and overweight. The RA sample studied also consisted of a motivated group of
individuals, who were willing to participate in cohort and clinical studies and had no major
cardiovascular diseases. While these factors may limit generalizability of results, the study
sample is still fairly representative of RA populations studied in most western developed
societies, in terms of sedentary behavior, and BMI. Another limitation is the inclusion of an
RA cohort with only women, however, the study attempted to minimize this potential
confounder by adjusting the regression models for gender and cohort. Further, the overall
gender distribution in the current study (85% female) is similar to other studies in RA.(2, 40,
49) The study is also limited due to its cross-sectional design. Thus, even though causal
inferences cannot be drawn, the study provides important preliminary information to support
the need for future larger and confirmatory longitudinal studies to determine the effect of PA
at light intensities in improving cardiovascular health, and reducing disability in more
diverse and less selective samples of individuals with arthritis.

CONCLUSION

Individuals with RA are largely sedentary, and most of their PA is at the light intensities
levels. While not typically considered to have much health benefit, PA at light intensities
were significantly associated with lower disability and disease activity, as well as risk factors
for cardiovascular disease, such as lower BMI and blood pressure, higher levels of high-
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nsity lipoproteins, and better insulin sensitivity. Increasing participation in light-intensity

PA should be considered while promoting PA in individuals with RA.
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Significance and Innovation:

Although the health benefits of physical activity at moderate or higher
intensity are well-acknowledged, individuals with RA may find it difficult to
participate in activities at these intensities due to symptoms and functional
limitations. In contrast, these individuals are more likely to engage in very
light- or light-intensity activities such as easy domestic duties and leisure
walking.

The benefits of physical activity at light intensities are not well established in
individuals with RA. To address this gap in knowledge, the current cross-
sectional study investigated the associations of physical activity at different
intensity levels with cardiovascular risk factors, disability, and disease
activity.

Participating in light activities may positively influence health. Study findings
demonstrate that greater time spent in very light- and light-intensity activities
was associated with favorable markers of cardiovascular and physical health
at an equivalent or stronger magnitude as compared to moderate-intensity.
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I
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Whisker Plots showing Physical Activity Characteristics (minutes/day) in the Study Sample
Sum of time in several levels of physical activity do not total 24 hours because participants

removed the monitors for showering/bathing.
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Demographical and Biomedical Characteristics of the Sample. Values represent Median (25-75 Interquartile

range) unless specified otherwise. HOMA-IR: homeostatic model assessment-insulin resistance

Variables

Sample (n = 98)

Mean age, years (SD)
Gender, N of Female (%)
Race, N of Caucasian (%)
Education, N (%0)

Less than College Education

College Degree
Height, m
Weight, kg
Body Mass Index, kg/m?2
Systolic Blood Pressure, mmHg
Diastolic Blood Pressure, mmHg
Disease Activity Score (DAS-28)
Disease Duration, years
Health Assessment Questionnaire (HAQ)
Plasma Glucose, mg/dl
Plasma Insulin, pU/ml
High Density Lipoprotein, mg/dl
Low Density Lipoprotein, mg/dl
Triglyceride, mg/dl
Insulin Resistance (HOMA-IR)

58 (9)
83 (85)
89 (91)

33 (34)
65 (66)
1.63 (1.6-1.69)
75.1 (64.0-93.3)
28.4 (24.4-33.8)
130 (120-137)
80 (74-86)
3.44 (2.65-4.31)
14 (6-22)
0.75 (0.25-1.25)
97 (92-105)
14 (10-19)
61 (50-72)
118 (102-132)
96 (76-147)
1.9 (1.4-2.6)
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Correlations between Minutes spent in Sedentary Behavior and at Very Light, Light and Moderate Intensity

Physical Activity (PA), and Cardiovascular Risk Factors, Disability and Disease Activity.

Sedentary  Very Light PA

Light PA  Moderate PA

(min/day) (min/day) (min/day) (min/day)

Variables

Body Mass Index 758" 651" -790" —426"
Diastolic Blood Pressure .294* _‘373* _.239* __223*
Systolic Blood Pressure 316" _379" —200" —328"
Insulin Resistance (HOMA-IR) 150" _aag” _507" —364"
High Density Lipoproteins _273* .246* 249* .081
Low Density Lipoproteins .048 -.062 -.019 -.011
Triglycerides 137 -.061 — 202 * -.064
HAQ score 433" —art” ~261” -384”
DAS-28 338 —214" -280 ~160

All correlation coefficients in the table are presented as Spearman Rho (p) because data were not normally distributed.

*
Significant at alpha level of 0.05.

DAS-28: Disease Activity Score; HAQ: Health Assessment Questionnaire; HOMA-IR: homeostatic model assessment-insulin resistance.
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