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Abstract
Objectives—Physical activity (PA) has potential to improve outcomes in both arthritis and
diabetes, but these conditions are rarely examined together. Our objective was to explore whether
persons with arthritis alone or those with both arthritis and diabetes could improve amounts of PA
with a home-based counseling intervention.

Methods—As part of the Veterans LIFE Study, veterans ages 70–92 were randomized to usual care
or a twelve month PA counseling program. Arthritis and diabetes were assessed via self-report. Mixed
models were used to compare trajectories for minutes of endurance and strength training PA for
persons with no arthritis (n=85), arthritis (n=178), and arthritis plus diabetes (n=84).

Results—Recipients of PA counseling increased minutes of PA per week independent of disease
status (treatment arm by time interaction P<0.05 for both; endurance training time P=0.0006 and
strength training time P<0.0001). Although PA was lower at each wave among persons with arthritis,
and even more so among persons with arthritis plus diabetes, the presence of these conditions did
not significantly influence response to the intervention (Arthritis/Diabetes group X time interactions
P>0.05 for both outcomes) as each group experienced a nearly two-fold or more increase in PA.
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Conclusions—A home-based PA intervention was effective in increasing minutes of weekly
moderate intensity endurance and strength training PA in older veterans, even among those with
arthritis or arthritis plus diabetes. This program may serve as a useful model to improve outcomes
in older persons with these pervasive diseases.
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As the world’s population grows older and more obese, arthritis is becoming increasingly
pervasive. Global estimates for osteoarthritis indicate that more than 10% of persons over age
60 are limited by arthritis, and that radiographic evidence of osteoarthritis is present in almost
all individuals over age 70[1]. These numbers highlight that arthritis and related conditions
cause significant disability and are one of the most prevalent causes of morbidity in aging
persons[2].

Similarly, with an aging and overweight population, type 2 diabetes rates are often described
as epidemic[3]. As such, diabetes is emerging as an important co-morbidity in older persons
with arthritis[3]. In individuals 65 years and older with arthritis, the presence of diabetes
contributes to more than a one and a half fold decline in function over two years[4].

Physical activity (PA) has potential to improve outcomes in both diseases. Exercise training
can improve pain, function, quality of life, muscle strength and even mental health in persons
with arthritis[5,6]. Similarly, even in the absence of weight loss, exercise training contributes
to improvements in risk for diabetes[7,8], and regular exercise is an essential component of
the comprehensive management to improve glycemic control, mediate weight control and
reduce cardiovascular risk in those with type 2 diabetes[9].

The co-existence of these two conditions complicates prescriptions for PA, especially in older
individuals. In addition to barriers to exercise found in the non-arthritic population, persons
with arthritis exhibit unique barriers to exercise. Barriers identified in persons with arthritis
include disease severity[10], pain, fatigue, lack of mobility, lack of support from physicians
[11], and an inability to find exercise classes of the appropriate challenge level[12]. Further,
in persons with arthritis, illnesses[12] and co-morbid conditions[11] have been recognized as
factors influencing poor compliance with an exercise program. For example, one recent report
suggested that pain associated with arthritis might serve as a barrier to PA in persons with
diabetes[13].

Additionally, while community facility-based[14] and internet-based[15] PA interventions
have been proven useful in persons with arthritis, there are limited data regarding home-based
interventions using telephone counseling as a means of increasing PA in persons with arthritis.
Similarly, it is not clear if home-based interventions would be equally effective for increasing
PA in older persons with both arthritis and diabetes. Here, our objective was to explore whether
persons with arthritis alone or those with both arthritis and diabetes could improve amounts of
PA with a home-based PA counseling intervention. We hypothesized that persons with arthritis
and those with both arthritis and diabetes would exhibit unique, less desirable, trajectories with
a home-based counseling intervention as compared to those without arthritis and/or diabetes.

Methods
Design and Subjects

Participants were enrolled in the Veterans LIFE (Learning to Improve Fitness and Function in
Elders) Study[16]. This randomized controlled trial was conducted at the Durham Veterans

Huffman et al. Page 2

Scand J Rheumatol. Author manuscript; available in PMC 2011 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Affairs Medical Center where US veterans ages 70–92 were randomized to usual care or a 12-
month PA counseling program. All procedures were approved by the institutional review board
and were in accordance with the Helsinki Declaration of 1975, as revised in 1983. Inclusion
criteria included age 70 years or greater, ability to walk 30 feet without human assistance, and
engaging in less than 150 minutes per week of PA. Participants were excluded from enrollment
if there was a medical chart diagnosis of chronic pain that prevented exercise, a terminal
diagnosis, unstable angina, history of ventricular tachycardia, chronic obstructive lung disease
requiring two hospitalizations in last 12 months, uncontrolled hypertension, stroke with
moderate to severe aphasia, diagnosis of mental or behavioral disorder, active substance abuse,
dementia, or severe hearing or visual loss. Please see Figure 1 for flow of participants through
this trial. This report compared participants with no self-report of arthritis or diabetes (n=85),
those self-reporting arthritis (n=178), and those reporting both arthritis plus diabetes (n=84).
Persons reporting diabetes only (n=53) were not included in this analysis. The outcomes were
baseline to12 month changes in minutes per week of moderate or higher intensity endurance
and strength training PA.

Intervention
This program was based on the social cognitive theoretical models used in the Activity
Counseling Trial[17] and targeted goals of moderate intensity endurance training 30 minutes
per day, at least five days per week, and leg strength training 15 minutes per day, at least three
days per week. Walking and lower extremity strength training were emphasized since these
have been associated with higher levels of physical function[18]. Details of the
multicomponent intervention and primary outcomes have been reported previously[16]. To
summarize, each person randomized to intervention received a baseline in-person counseling
session during which personally relevant PA benefits were identified, short term PA goals were
established, barriers to PA were discussed, and a source of social support for PA was identified.
Individuals received a workbook with targeted reading materials including “Exercise: A guide
from the NIA,” elastic resistance bands, an exercise poster depicting lower extremity resistance
training exercises, and a pedometer. Following the baseline counseling session the same health
counselor delivered three biweekly telephone calls within the first six weeks and then monthly
telephone calls for the remainder of the trial to reinforce PA behavior, modify PA goals and
problem solve as needed. Additional components of the counseling arm included an
endorsement of PA by the primary care provider during one clinic visit, a monthly automated
telephone PA endorsement by the primary care provider, and quarterly mailed progress reports
tailored to describe each participant’s progress towards endurance and strength training goals.
All participants in the intervention arm completed the baseline counseling session, clinical
endorsements by the providers were documented for more than 90% of study participants, and
98% of the automated telephone messages were successfully delivered indicating successful
delivery of the intervention.

Measures
Assessments were performed at baseline, three, six, and 12 months. At each wave, amounts of
reported PA were determined using the Community Health Activities Model Program for
seniors (CHAMPS)[19]. CHAMPS is a self-report questionnaire which assesses weekly
frequency and duration of social and physical activities typically performed by older adults
and has established construct validity, reliability, and sensitivity to change[20]. For this
analysis, we computed the total duration (ie. minutes reported) for all moderate or higher
intensity endurance (walk briskly, jog or run, ride a bicycle or stationary cycle, do aerobic
machines) and strength (moderate to heavy strength training, light strength training, general
conditioning such as light calisthenics) activities. Subjects reported their diabetes and arthritis
status by endorsing the appropriate medical conditions on the Older Americans Resources and
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Services (OARS) survey[21]. A co-morbidity score was calculated as the sum of the remainder
of the 33 OARS self-identified conditions.

Data Analysis
Cross sectional baseline analyses were conducted using analysis of variance for continuous
measures and logistic regression for categorical measures, as appropriate. For both types of
analyses, the group reporting no arthritis was used as the reference group. For these baseline
analyses, the general analytic strategy involved two phases: 1) conducting an omnibus 2 degree
of freedom test for distributional differences between the three groups (no arthritis, arthritis
only, and arthritis plus diabetes); and 2) if the omnibus test was significant, conducting explicit
pairwise comparisons between disease groups. Completion rates were computed as number of
participants who completed the 12 month assessment divided by number of participants
randomized x 100.

For longitudinal analyses, mixed models were used to compare trajectories for minutes of PA
(endurance and strength) for persons with no self-report of arthritis, arthritis only, and arthritis
plus diabetes. To assess effectiveness of the intervention, two- way interactions of treatment
arm (intervention/control) by time were performed for each of the PA outcomes. Stratified
analyses were performed separately for each intervention arm (PA counseling and usual care)
to explore responses for those with arthritis, arthritis plus diabetes, or free of disease. Arthritis/
Diabetes group X time interactions were investigated for the trajectory analyses for each
outcome. All analyses were adjusted for baseline PA, body mass index (BMI), race, age, and
education. Statistics were performed using SAS Version 9.1 (SAS Institute, Cary, NC).

Results
Baseline differences between the three groups are shown in Table 1. When compared to those
with no arthritis, persons reporting arthritis and diabetes had a greater BMI (Table 1; P=0.002)
and were less likely to have any college education (P=0.03). Persons with arthritis alone and
those with both arthritis and diabetes, reported significantly more co-morbid conditions at
baseline (P<0.05 for both). Baseline minutes per week of endurance PA between groups was
not significantly different (P=0.87). Compared to persons with no arthritis, those with both
arthritis and diabetes reported fewer minutes per week of strength PA (omnibus P=0.08; post-
hoc between groups P=0.03). This subset (n=347) of participants did not significantly differ
from the remainder of the original LIFE participants (n=53) in age, sex, race, BMI, education,
or baseline exercise (P>0.05 for all) but did report more co-morbidities (5.4 ± 2.5) than those
not included (3.6 ± 2.1; P=0.02). In general, completion rates for the intervention arm were
very good: 92% percent of those with no arthritis, 87% of those with arthritis only, and 84%
of those with both arthritis and diabetes completed the 12 month assessment. In the usual care
arm rates of completion were as follows: no arthritis 89%, arthritis only 87%, and arthritis and
diabetes 93%.

Independent of arthritis or diabetes group, the home-based PA intervention was effective in
increasing minutes per week of both endurance (treatment arm by time interaction P= 0.04;
time P=0.0006; Figure 2A and Table2) and strength PA (treatment arm by time interaction
P<0.0001; time P<0.0001; Figure 2B and Table 2). Although minutes of PA was attenuated
relative to the no arthritis group at each wave, the proportion of change was clinically relevant;
individuals with arthritis only increased their endurance and strength PA by 146 and 164%
respectively and individuals with both arthritis and diabetes increased their endurance and
strength PA by 53 and 241% respectively. No arthritis/diabetes group by time interactions were
observed indicating successful uptake of the intervention (P>0.05 for all). There were no
overall changes over time noted for three groups assigned in the usual care arm (endurance
training, P<0.17; strength training, P<0.51; Figure 2 and Table 2).
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Discussion
While regular PA is essential to successful aging, older persons often have multiple morbidities
that complicate exercise prescriptions. Recognition of the world’s expanding aging and obese
population delivers an imperative to develop interventions that can effectively increase
amounts of PA for older persons with co-morbidities such as arthritis and diabetes. Here, in
contrast to our hypothesis, we found that persons with arthritis alone or arthritis and diabetes
substantially improved minutes of reported PA with a home-based PA counseling program.

While the World Health Organization (WHO) is in the process of developing global guidelines
for PA for health, current WHO recommendations follow US guidelines for PA[22]. For
individuals over 65 years of age, current US recommendations for PA include aerobic, muscle
strengthening, flexibility and balance exercise guidelines[23,24] For aerobic activity,
recommendations include a minimum 150 minutes per week of moderate intensity endurance
activity or 75 minutes per week of vigorous intensity endurance activity[23,24]. Combinations
of vigorous and moderate intensity activities can be used to meet endurance activity goals
[23,24]. Additionally, older individuals should perform strength training PA targeting major
muscle groups on at least 2 or more nonconsecutive days per week[23,24]. For older individuals
and those with co-morbidities affecting function, flexibility exercises are recommended at least
twice weekly for 10 minutes, and regular balance exercises are recommended to reduce fall
risk[23,24]. PA guidelines are similar for individuals with arthritis and diabetes[25]. Of
particular relevance to this study, the most recently released PA guidelines specifically address
co-morbidities including osteoarthritis and type 2 diabetes with the recommendation that
persons with chronic conditions should be as “physically active as their conditions
allow”[23].

While neither of the arthritis and diabetes groups on average reached the minimum
recommended 150 minutes per week of moderate intensity endurance training PA, we observed
an increase in the number of participants meeting recommended endurance training guidelines.
Percentages of participants meeting recommended endurance training (150 minutes per week
or more) goals increased from 6% at baseline to 17% at 12 months for those with arthritis alone
and from 9% to 19% for those with both arthritis and diabetes. In addition to percentages
meeting guidelines, the relative increases achieved with this intervention are remarkable and
important. For those with both arthritis and diabetes, the mean observed increase of 17.6
minutes per week corresponds to a 53% increase in minutes per week of activity. Those with
arthritis alone demonstrated even greater, 146%, improvements. Such relative increases in
minutes per week of activity are likely to confer significant health benefits [26,27]. In fact, the
foundation for existing PA guidelines is based on extensive evidence of a curvilinear dose-
response relationship between PA and health outcomes. Small increases the low end of the PA
range produce more robust health benefits which is particularly relevant to older adults living
with multiple chronic conditions[27]. Also, there is considerable evidence that any deviation
from sedentary behavior towards regular PA improves morbidity and mortality.

In addition to increases in endurance training, we observed significant gains in minutes per
week of reported strength training that were independent of the presence of arthritis or diabetes.
Less than 15% of older persons perform resistance training twice weekly as recommended
[28]. After 12 months of the counseling intervention, participants with arthritis alone and with
arthritis and diabetes were averaging more than 50 minutes per week of resistance training
activity such that many of these participants were exceeding recommendations[24].
Specifically, percentages of participants meeting recommendations for strength training
increased from 17% at baseline to 53% at 12 months for those with arthritis alone and from
13% to 56% for those with both arthritis and diabetes. In older individuals with arthritis and
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diabetes where disability rates are very high, increasing amounts of resistance training activity
will likely confer significant functional and health benefits[24,29].

It is important to recognize that this investigation has several limitations. First, this intervention
was not designed to detect differences between persons with arthritis and diabetes and those
without, and, as such, we were underpowered to detect small response differences between the
arthritis/diabetes groups. Additionally, our observed response differences between groups were
relatively small. Given this, we can not exclude the possibility that a statistically significant
poorer response in the co-morbid groups would be detected in a much larger investigation.
However, our findings are consistent with other investigations that have shown that persons
with both knee arthritis and cardiovascular disease were able to improve aerobic fitness with
a supervised exercise program[30]. Also, despite the increasing prevalence of arthritis and
diabetes in the aging population, we believe we are the first to assessing the impact of these
two specific diseases on response to a training intervention. With the critical need to improve
PA in these individuals, we believe that it is important to highlight an intervention which has
proven effective in increasing minutes of PA in persons with arthritis alone and both arthritis
and diabetes.

It is also worth noting that the focus of this investigation was on older persons with arthritis
such that we sought to understand if responses to this intervention would be effective for
persons with arthritis as well as for those with the combination of arthritis and diabetes. As
such, persons with diabetes alone were not presented but showed similar improvements in
minutes of PA (data not shown). This arthritis-centered focus has particular relevance to
rheumatology where there is an increasing recognition of cardiovascular disease and diabetes
associated with rheumatologic conditions.

An additional limitation is that this investigation was performed in an almost entirely male US
veteran population. It is well recognized that older men are more likely than women to engage
in PA[31,32], and we can not exclude the possibility that women might have not responded to
the intervention as well. Nonetheless, as might be expected in a veteran population, minorities
and those with less than a college education were well represented and strengthen the
applicability of our findings to the general population.

Finally, much of our findings are based on self-reports of PA and co-morbidities. By measuring
self-reported PA, we have most likely over-estimated true PA in these individuals. However,
the construct validity of CHAMPS is well established, and this measure had been correlated
with other self-report PA measures[20], pedometer step counts[33], and accelerometer
measured PA[34]. Further, current recommendations for PA are based on recognition of over-
reported amounts of PA, and we have no evidence that persons with arthritis or diabetes will
report PA less or more accurately than those without these conditions.

Despite the clarity and seeming simplicity of these recommendations, the reality of introducing
PA as a lifestyle intervention for older individuals with co-morbidities may seem daunting to
health care providers faced with competing time constraints in the management of complex
chronic diseases. Here, we have shown that independent of arthritis and diabetes, successful
improvements in minutes per week of moderate intensity activity can be achieved with a
relatively easy to implement home-based counseling intervention. This intervention relies on
a baseline counseling session, best delivered by an individual trained in health promotion and
PA. With instruction, similar exercise counseling can be delivered by nursing staff, other allied
health care professionals, or certified exercise counselors[35]. Similarly, the additional
components of the counseling intervention, including in person endorsements from primary
care providers, periodic telephone contacts, and mailings could be implemented in most
practice settings at relatively low cost.
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Thus, we report that a home-based PA counseling intervention can significantly improve
minutes of moderate intensity activity in older persons with co-morbidities. Independent of
self-report of arthritis alone or arthritis and diabetes, significant improvements in moderate
intensity endurance activity were achieved, and many participants achieved recommended
goals for resistance training. Given these findings, this program may serve as a useful model
to improve both functional and health outcomes in older persons with arthritis and diabetes.
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Figure 1.
Flow of VA LIFE participants.
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Figure 2.
Trajectories of reported PA per week. Complete lines and closed figures are used to depict
trajectories for those assigned to the counseling intervention, and dashed lines and open figures
represent those who received usual care alone. Squares indicate those with no arthritis.
Triangles are used to represent persons with arthritis with no diabetes. Circles indicate those
with both arthritis and diabetes.
A. Minutes of reported endurance training PA per week. Time effects for PA counseling
P=0.0006 and for usual care P=0.17.
B. Minutes of reported strength training PA per week.
Time effects for PA counseling P<0.0001 and for usual care P=0.51.
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Table 1

Baseline Demographics and Characteristics

No Arthritis n =85 Arthritis n =178 Arthritis + Diabetes n =84

Age - years ± SD 77.7 ± 5.5 77.7 ± 5.1 77.3 ± 4.1

Sex - Men (%) 100 99.4* 100*

Race - Caucasian (%) 76.5 80.3 72.6

BMI (weight/height2) - mean ± SD 28.2 ± 4.6 28.6 ± 4.4 30.4 ± 4.9†

Education - No college (%) 42.4 52.8† 69.1†

Modified Co-Morbidity Score - mean ± SD (range**) 3.7 ± 2.1 (0–10) 4.6 ± 2.4† (0–15) 4.9 ± 2.7† (0–15)

Moderate endurance training PA (min/w) - mean ± SD 41.7 ± 78.8 35.4 ± 93.0 32.3 ± 76.7

Moderate strength training PA (min/w) - mean ± SD 19.7 ± 44.0 28.4 ± 62.3 12.3 ± 30.1†

*
P-value not estimable

†
P value < 0.05 for comparison with arthritis-/diabetes- group. Statistical comparisons for minutes of PA were adjusted for age, race, and BMI.

**
The possible range for the Modified Co-Morbidity Score was from 0 to 33.
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