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SYNOPSIS

Osteoarthritis (OA) and type 2 diabetes mellitus (T2DM) often co-exist in older adults. There is
increased susceptibility to develop arthritis in those with T2DM, which is supported by
observations of higher prevalence of arthritis in those with T2DM (52%) compared to those
without it (27%). The association between OA and T2DM has been traditionally attributed to
underlying shared risk factors of age and obesity. Emerging evidence suggests that alterations in
lipid metabolism and hyperglycemia might have a direct impact on cartilage health and
subchondral bone that contribute to the development and/or progression of OA. Adequate
management of older persons with both OA and T2DM benefits from a comprehensive
understanding of the risk factors associated with these diseases. In this review, we discuss
common risk factors and emerging underlying links between OA and T2DM, and emphasize the
importance of physical activity to improve metabolism and decrease disability and pain in this
population. Implications for safe and effective physical activity approaches in older patients with
OA and T2DM are also discussed.
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INTRODUCTION

Osteoarthritis (OA) and Type 2 Diabetes Mellitus (T2DM) are two prevalent chronic
diseases in the United States, Osteoarthritis (OA) affects 14% of adults aged 25 years and
older and 34% of those above the age of 65.1 OA s a leading cause of disability and
economic burden - around 40% of adults with OA report arthritis related limitations in daily
activities and 30% report difficulties in work-related tasks.! Diabetes affects 12% of adults
20 years and older and 26% of those above the age of 65.2 Diabetes is associated with
mortality and serious complications such as heart disease and stroke, kidney failure, and
lower-limb amputation.2

In the aging population, the co-existence of both OA and T2DM is frequent and can be a
source of greater disability and economic burden.3# There seems to be an increased
susceptibility to develop OA in those with T2DM.>8 A recent report in adults ranging from
18-64 years showed that the prevalence of arthritis was 52% in those with T2DM compared
to 27% in those without T2DM.” The reason for the high prevalence of arthritis in those
with T2DM is not entirely clear. OA and T2DM share common risk factors such as obesity
and advanced aging, which may explain the higher prevalence of OA in the diabetic
population.8 More recently, OA has been associated with systemic metabolic disturbances
commonly seen in T2DM, suggesting that diabetes in and of itself influences the
pathophysiology of OA independently of obesity or aging per se. These metabolic
alterations have been proposed to serve as an underlying link between OA and T2DM.

With the growing prevalence of older persons diagnosed with both OA and T2DM, adequate
prevention and management of these combined conditions becomes necessary. Optimal care
of these patients depends upon understanding the risk factors leading to the development and
progression of these commonly coexisting conditions. The purpose of this paper is to review
the evidence on common risk factors and to discuss emerging underlying links between OA
and T2DM. The review also discusses treatment considerations from a physical activity
perspective when older individuals have both OA and T2DM.

SHARED RISK FACTORS FOR OA AND T2DM

Age and Obesity

Demographic and physiological risk factors for OA and T2DM are listed in Table 1. It is not
surprising that OA and T2DM co-exist since they share several common risk factors, with
age being a recognized link between them. The increased risk for OA and T2DM with aging
is multifactorial. One factor is the decline in cell function with aging. For example, aging is
associated with T2DM in part because pancreatic beta-cell function declines with aging.®
Aging also causes OA. In OA, senescent chondrocytes are more likely than young
chondrocytes to secrete inflammatory mediators involved in cartilage degradation.1 Living
longer also promotes cumulative joint loads and consequent cartilage wear and OA. Finally,
aging has been attributed to a decline in mitochondrial health, and decreased mitochondrial
health has been theorized to contribute to both diabetes and cartilage degradation.11-15
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Obesity is exceedingly prevalent among individuals with T2DM, and participates in the
pathogenesis of T2DM. Obesity is also a risk factor for OA. Obesity contributes to the
development of OA via biomechanical and systemic pathways. The biomechanical pathway
is based on the direct effects of increased body weight. For example, increased body weight
imposes greater loads on the weight-bearing joints, which has shown to affect cartilage
wear.16:17 Excess body weight has also been associated with misalignment of weight-
bearing joints (particularly the knee joint), which increases joint stress and promotes
cartilage degradation that lead to OA.18 Moreover, obesity has been linked to decreased
strength in muscles necessary for joint stabilization and therefore decreased ability to sustain
mechanical joint stress.19.20

Although physical joint stress may be an important factor for obesity-mediated OA, it does
not seem to be the only factor. An increased risk for OA in non-weight- bearing joints, such
as those of the hands, has been previously reported in obesity,?! suggesting there is a
systemic, non-mechanical influence on the risk for OA. This systemic link is not well
understood, but there are theoretical precedents for supporting such notion. Obesity causes
chronic low-grade inflammation in adipose tissue and enhanced expression and secretion of
proinflammatory cytokines (e.g., IL-6, IL-1 and TNF-a) as well as adipokines (e.qg., leptin,
adiponectin, resistin, and visfatin).1522 |L-1 and TNF-a have been shown to mediate the OA
pathophysiology, possibly by modulating chondrocyte expression of proteases involved in
matrix breakdown.

Adipokines are active in cartilage regulation and have been linked to the development of
OA.23 Specifically, studies have shown that leptin is present in synovial fluid of joints with
OA and high levels of this hormone in the synovial fluid are strongly associated with the
radiographic severity of OA.24:25 High plasma levels of leptin are seen in obesity, but it is
unclear whether the association between leptin and OA severity is merely a coincidence or
reflects an underlying pathophysiologic link. Adiponectin is another adipokine, but its role
in OA has been conflicting. One study reported higher levels of adiponectin in patients with
erosive OA compared to those with non-erosive OA,26 while another study demonstrated
that increased levels of this molecule protects against the progression of hand OA.27 For a
comprehensive review on the role of adipokines to OA see review from Conde et al.28

Hypertension and Dyslipidemia

Hypertension and dyslipidemia, both widely recognized risk factors for T2DM,29:30 have
been proposed to contribute to the development of OA.31-33 |t has been theorized that
hypertension might affect OA via narrowing of blood vessels and subchondral ischemia,
which would initiate cartilage degradation.33:34 Although several studies demonstrated
higher prevalence of OA in individuals with hypertension,35-38 adjustments for obesity were
not conducted in those studies; therefore, the contribution of hypertension to OA needs
further investigation.

Evidence for the contribution of dyslipidemia in OA is also not conclusive (for
comprehensive review on this topic see papers from Zhuo and Velasquez).32:33 One study
demonstrated a positive association between serum cholesterol levels and OA independent
of obesity. Others have demonstrated that patients with OA have increased lipid deposits in
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the chondrocytes and deregulation of cellular lipid metabolism that might initiate OA
development.3! There is also evidence that fatty acids are elevated in OA bone and that
excessive intake of poly-unsaturated fatty acids is associated with increased risk of bone
marrow lesions.3%-44 However, it is important to make a distinction between circulating
lipid levels and lipid metabolism within tissues, which should not be equated to each other
and follow different metabolic regulation. These studies should be interpreted as hypothesis-
generating as they do not definitely demonstrate that dyslipidemia is an etiological factor in
OA.

Amongst the common risk factors of OA and T2DM, aging and obesity have a major impact
on the functional ability of these individuals. Aging is characterized by physiologic changes
such as altered endocrine function, loss of skeletal muscle function (decreased lean mass and
muscle strength), and poor balance, as well as lifestyle changes such as decreased physical
activity and nutritional deficiencies; all of these factors contribute to declines in functional
ability and overall health.#® Studies have also shown that obese people demonstrate an
increased incidence of pain in the weight-bearing joints and a higher pain perception during
activity.#6-48 The increased pain is likely mediated by heightened systemic inflammation
and has been shown to be strongly related to the degree of disability in obese individuals.*®
Thus, obesity-related factors such as increased pain, muscle weakness, and joint
misalignment also limit mobility and contribute to functional limitations.

ASSOCIATION BETWEEN OA and T2DM
Does T2DM Independently Contribute to OA?

As OA and T2DM share common risk factors, the independent contribution of T2DM on
OA is difficult to study. Several studies have tried to answer the question of whether T2DM
predicts OA independently of age and obesity. Earlier studies failed to report significant
associations.8:°0.51 However, these studies had methodological limitations such as: a) the
selection of fairly subjective criteria for the diagnosis of OA;% b) having subjects with knee
OA grouped by diabetes status but poorly matched for weight;! ¢) assessment of
generalized OA based only on radiographs of either hands and hips or hands and knees:5 or
d) small sample sizes.851 Therefore, conclusions from those studies are far from definitive
and should be approached with caution.

Nonetheless, recent studies have demonstrated an independent association between T2DM
status and OA.>52 Results of a 20-year longitudinal cohort study of 927 individuals suggest
that T2DM predicts both joint failure and hip and knee arthroplasty surgery, independently
of age, sex, and BMI.° This study used both clinical measures (Knee Injury and
Osteoarthritis Outcome Score, Western Ontario and McMaster Universities Osteoarthritis
Index) and advanced imaging techniques (ultrasound) to assess severity of OA. In support of
these findings, another study reported that individuals with T2DM had increased odds for
clinical diagnosis of knee and hand OA (consistent with American College of Rheumatology
criteria) after adjusting for age and BMI1.52 Because these recent studies have used better
methodological approaches and design, stronger evidence is accumulating in favor of an
independent contribution of T2DM to the development and progression of OA.
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Potential Underlying Links between OA and T2DM

Cartilage health is dependent upon a number of metabolic processes that regulate cartilage
growth and nutrition, which if altered can lead to its degradation.>3 Several investigators
have postulated that altered glucose metabolism could be a direct link between OA and
T2DM.10:21,32,54,55 Rosg et al investigated how glucose concentrations affect chondrocyte
function in vitro using cartilage samples from healthy donors (posthumously) and from
patients with OA undergoing a total knee arthroplasty.>* The cartilage samples were treated
with varying concentrations of glucose in the medium and cartilage function measured.
Findings revealed that chondrocytes of those with OA were unable to down-regulate
transport of glucose into the chondrocyte in a hyperglycemic environment compared to a
normoglycemic one. Higher levels of reactive oxygen species (ROS) were also detected in
OA cartilage treated in a hyperglycemic-like environment, unlike the ROS levels in normal
chondrocytes treated with high glucose medium. ROS are harmful to chondrocytes as they
favor production of cytokines, such as IL-10, and transcription factors, such as NF-xB,
which give rise to catabolic processes implicated in cell degradation and cell apoptosis.>®
The same group conducted a similar study to measure the effect of glucose concentrations
on expression of proteolytic enzymes, mainly matrix metalloproteases (MMPs) that are
responsible for cartilage degradation. Findings revealed a higher trend in the expression of
MMPs in OA chondrocytes treated with hyperglycemic medium compared to normal
chondrocytes in a hyperglycemic medium.>” Combined, those findings provide a plausible
argument for the deleterious effects of hyperglycemia on articular cartilage.

An in vivo longitudinal cohort study investigated the relationship between fasting serum
glucose levels and knee structural changes in 179 adults with no knee symptoms or
diagnosis of T2DM. Knee cartilage volume and presence of bone marrow lesions were
assessed by MRI. Results demonstrated that tibial cartilage volume loss and incidence of
bone marrow lesions were positively associated with higher levels of fasting serum glucose
levels in women, but not in men.>8 The authors hypothesized that these gender differences
might be due to greater cartilage loss in women as a result of decreased levels of estrogen
(hormone that has a protective effect on cartilage) after menopause.>8

Hyperglycemia is also known to favor the production of advanced glycation end products
(AGEs) and their accumulation in articular cartilage, which contribute to a toxic
environment that might facilitate OA pathogenesis.>® AGE accumulation has been reported
with aging, and in vitro studies demonstrated that it contributes to cartilage stiffness60.61 and
degradation.®2 High intracellular glucose concentration in diabetes promotes formation of
AGE; AGE compounds then interact with receptor of AGE (RAGE) to give rise to a cascade
of events that promote release of pro-inflammatory factors such as TNF-a, and activate
transcription factors such as Nf-kB, which cause inflammation and oxidative stress
intracellularly and might promote cartilage degradation.>® AGEs may also contribute to the
progression of OA through diabetic peripheral neuropathy; excess accumulation of AGEs
may compromise proprioceptive and nociceptive receptors in joint structures.53 Impaired
joint proprioception has been reported in OA and postulated to be a result of dysfunctional
articular mechanoreceptors and reduced muscle spindle sensitivity in weak and atrophied
muscles around the joints.* Thus, impaired sensation in OA and diabetic neuropathy may
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conceal the perception of pain and further perpetuate joint damage by allowing constant
harmful mechanical workloads.

In summary, it is clear that aging, obesity, and T2DM interact to affect OA. This model is
depicted in Figure 1. Shared components of aging, obesity, and T2DM, such as low-grade
inflammation, oxidative stress, and dysregulation of cell function all lead to cell toxicity and
consequent OA-related cartilage and bone abnormalities. Hyperglycemia also seems to have
a direct effect on cartilage health. Although both lipid metabolism and vascularity play a
role on joint health, the exact contribution of hypertension and dyslipidemia needs further
validation.

Future Research on the Links between OA and T2DM

The metabolic processes linking OA and T2DM are not completely understood. We have
identified several gaps in knowledge that should be addressed by future research. For
example, large cross-sectional and longitudinal data should be used to clarify the
associations between OA and T2DM prevalence and progression. These studies should
apply rigorous methods to tease out the contributions of age, gender, and obesity. It is
important to assess how different combinations of risk factors such as age and obesity
interact with hyperglycemia to affect OA disease development, pain, and disability of
patients. Moreover, although it is likely that the disruption of glucose metabolism promotes
the development of OA, it could also be possible that in someone with OA, deregulated
glucose metabolism just enhances the progression of OA, an issue that needs clarification.
Studies should also discriminate the effects of T2DM on weight-bearing versus non weight-
bearing joints, which has not been done. Such discrimination is needed to tease out the direct
contributions of hyperglycemia versus complications from T2DM, such as diabetic
neuropathy, on the development and progression of OA. Last, further research is needed to
clarify if and how dyslipidemia and hypertension contribute to the development of OA.

Future investigations are equally needed to investigate the effects of altered glucose
metabolism and AGE accumulation on cartilage health in patients with both OA and T2DM
versus those with OA alone. While studies have implicated glucose and AGE accumulation
with greater severity of OA, they have not included subjects with T2DM.8566 Studies are
necessary to confirm whether articular cartilage degradation in persons with T2DM is
increased or accelerated compared to those without T2DM, which, if confirmed, could have
pertinent implications for the management of these patients.

MANAGEMENT OF OLDER INDIVIDUALS WITH OA AND T2DM - A
PHYSICAL ACTIVITY PERSPECTIVE

Approximately half of all adults with diabetes have arthritis and more than a quarter of these
individuals report limitation in usual activities due to joint symptoms.3 The functional
limitations observed in older individuals with both OA and T2DM is multifactorial and
involve age and obesity-related factors such as pain, muscle dysfunction (weakness, atrophy
and low quality of muscle), joint misalignment, deconditioning, poor balance and mobility,
and inactivity. These limitations are exacerbated by the symptoms and complications of OA
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and T2DM, leading to complex interactions that further limit functional ability and
compromise overall health.

A number of impairments associated with aging, OA and T2DM develop over many years as
a consequence of sedentary lifestyle and poor eating habits. Physical inactivity is a
contributor to these impairments and serves as a trigger for the vicious cycle of further
impairments and additional physical inactivity. While inactivity is the trigger, physical
activity is a potent intervention to break the vicious cycle. Physical activity is likely the only
intervention capable of positively affecting all of the modifiable impairments listed above,
including the underlying pathophysiology of all of the physical impairments and symptoms.
To that end, the continuation of this review focuses specifically on the management of older
patients with OA who have T2DM, emphasizing the physical activity component. For
information about the management of individuals with T2DM only.

Physical activity is the first-line intervention to decrease pain and functional limitations in
OA. Clinical practice guidelines from the American College of Rheumatology, the
American Academy of Orthopaedic Surgeons, and the Osteoarthritis Research Society
International; have all strongly recommended that patients with symptomatic OA of the
lower extremities should participate in physical activity programs that include aerobic and
resistance exercises.5’~69 Regular physical activity is also one of the main treatment pillars
in the management of T2DM and has been recommended by the American Diabetes
Association (ADA) and the American College of Sports Medicine.”® In aging, physical
activity has been recommended by the American Geriatrics Society/British Geriatrics
Society and the US Department of Health and Human Services to prevent function
decline.”-73 Thus, there is solid support for the benefits of physical activity in aging,
T2DM, and OA. Additionally, physical activity affects metabolism by improving glucose
tolerance,’974=76 promoting healthy body weight, and decreasing inflammation.”7-80
Physical activity also ameliorates physical impairments such as muscle weakness and
atrophy,8182 joint stiffness and pain,67-69 poor balance and mobility.”2:73:83 Other benefits
include decreased falls,”2~73 improvements in cardiovascular health,84 mood and quality of
life, and decreased mortality.”! Figure 2 depicts a model for the effectiveness of physical
activity on metabolic and physical impairments related to aging, OA and T2DM.

Physical Activity Prescription in Older Adults with OA and T2DM

The recommended modalities, dose, intensity, and benefits of exercise in aging, OA and
T2DM are presented in Table 2. These recommendations have been compiled based on
clinical guidelines for the management of these patients and align with the national
recommendations for physical activity.5”=71.73 |t is recommended at least 150 minutes a
week of aerobic activities and 2 days a week of resistive exercises. Specific to aging and
OA, regular flexibility and balance exercises should also be performed.?2:83.85

It is important to note that the optimal exercise volume may need to be individually tailored
to maximize benefit and safety and minimize barriers. For example, to achieve weight loss
in obesity the exercise volume ought to be larger than to achieve glycemic control and
cardiovascular health. In obesity, current guidelines recommend from 250-300 minutes per
week of aerobic exercise for weight loss and maintenance.®8 In sarcopenia, if the aim is to
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promote muscle hypertrophy, the intensity level of resistive training should be kept towards
the high- rather than moderate-range. Conversely, for individuals with severe disability the
recommended volume of exercises may not be feasible and lower volume may be indicated.
While the benefits of lower volume are less as compared to higher volume, emerging
evidence demonstrates that low volume of exercise still promotes substantial health
benefits.8’

Although the national guidelines recommend aerobic exercises of moderate and vigorous
intensities, Table 2 differentiates the intensity of exercise according with OA weight-bearing
status. In those with OA of weight-bearing joints, vigorous intensity aerobics are
discouraged because they generally involve high impact activities that could be deleterious
to the joints. Moreover, many older adults with T2DM may not have sufficient aerobic
capacity to undertake vigorous activities. It has also been shown that the cardiorespiratory
benefits are comparable with aerobic exercises at moderate and vigorous intensities.88-%0

When considering the type of aerobic exercise, walking has been the most widely used
modality in this population. Yet, it is likely that walking is not as effective in obese patients
with weight-bearing joint OA. In a recent literature review, we observed limited evidence
for the effectiveness of walking programs on pain and physical function in patients with
both obesity and OA, whereas prior studies on leaner individuals have reported beneficial
effects.92 The increased joint load combined with the increased inflammation characteristic
of obesity may preclude the effectiveness of walking programs. Therefore, alternative modes
such as cycling, arm ergometers, underwater walking or water aerobics may be better
choices.

Special considerations ought to be given for resistive exercises in individuals with joint pain.
Resistive exercise should be performed at pain-free ranges and maximum resistance should
be avoided. For example, if exercise for the knee extensor muscles cause pain at mid-range
(e.g., 60 to 40 degrees of knee flexion), it is recommended to try to exercise at an alternative
range of motion (e.g., 30 to O degrees). It is also recommended that a qualified exercise
trainer provides initial supervision and periodic assessment to maximize benefits and
minimize injury risk of resistive exercise.%2

While the recommendations to exercise in Table 2 are generic to all older adults with both
OA and T2DM, some patients may be unable to follow these recommendations due to
specific impairments. For example, a patient with knee OA may present with moderate joint
pain, poor balance, and weak thigh muscles; and these impairments may hinder the ability to
reach the recommendations. In patients like this one, alternative provisions are needed to
ameliorate the physical impairment before considering more generic recommendations. It
may be necessary to refer the patient to physical therapy to learn resistive exercises that
target the weak muscles using painfree ranges. Rehabilitation may also be needed to
improve balance to allow the patient to safely perform exercise independently. Acquiring
these new skills in rehabilitation will help the patient to engage in physical activity programs
and achieve the more generic recommendations. Thus, patients who have functional
limitations may need sporadic rehabilitation to resolve specific physical impairments or to
adapt the exercise program to the existing physical impairments.
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Special Considerations for Exercise in Older Adults with OA and T2DM

Weight Loss

The combination of aging, OA and T2DM poses challenges that require particular
precautions to exercise. For example, it is known that coronary artery disease is quite
prevalent in this population and unstable disease should be brought to urgent medical
attention before any exercise is instituted. Space limitations preclude us to discuss general
precautions to exercise due to other related chronic diseases. For a complete review on the
relative and absolute contraindications to exercise in the general population the reader is
referred elsewhere.93.94

While challenges to exercise exist, the benefits of physical activity outweigh the risks.
Inactivity leads to further complications and functional limitations. In general, it is safe to
initiate exercise at light and moderate intensities (up to brisk walking) in this population
without prior stress testing. Yet, it is recommended that those who are previously sedentary,
have moderate to high risk of cardiovascular disease, and want to undertake more vigorous
program of physical activity should be considered for stress testing prior to initiate an
exercise program.?®> Additionally, symptoms of exercise intolerance such as breathlessness,
muscle pain and weakness during exercise, along with headache, nausea, dizziness or
extreme fatigue after exercise warrant specialized medical assessment. Table 3 describes
contraindications to exercise exclusively from the OA and T2DM standpoints. While in OA,
joint pain and other signs of joint inflammation are the main criteria precluding exercise
performance, in T2DM, glycemic control mainly dictates the contraindications to exercise.
Contraindications related to aging are not depicted in Table 3 because age itself is an
indication for exercise rather than a contraindication. However, aging accentuates several
impairments common in OA and T2DM such as muscle weakness and poor balance and
mobility; so, these age-related impairments should be considered to improve safety of
exercise. In addition to contraindications, special considerations for exercise are also in
order in this population to improve safety and comfort of exercise and those are described in
Table 4.

The focus of this segment of the review is on physical activity intervention. Yet, a brief
discussion on weight loss in this population is warranted. While strong evidence supports
losing weight in obese individuals with OA®%7:69 and in those with T2DM;%2 in older adults
(above 70 years) weight loss seems to accelerate sarcopenia.% Thus, we believe that for
older adults with OA and T2DM, it is safe to recommend that weight loss be always
accompanied by exercise to prevent loss of muscle mass. In support of this recommendation,
it has been well established that the largest benefits for joint pain, metabolic impairments,
and physical function have been observed in persons who exercise AND lose weight.97-100

Exercise Adherence

Benefits from exercise are best accrued by regular physical activity participation and are
likely reversible if discontinued; so, improving adherence to exercise is key for promaoting
long-term benefits. Thus, the goal is to permanently increase physical activity level. Yet,
long-term maintenance of physical activity programs is a challenge, especially given the
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combination of chronic diseases. The presence of multiple chronic diseases or poorer
mobility in individuals with OA was shown to contribute to low exercise adherence.10

Although adherence to exercise is a complex issue beyond the scope of this review, several
strategies may be helpful to promote sustainability of exercise. Efforts must be taken to
engage participants and impress upon them the importance of physical activity while
initiating an intervention program. Patients should be encouraged to set physical activity
goals and discuss barriers to exercise and develop strategies to overcome the barriers. To
that end, self-management programs have been shown effective to educate and engage
patients, and improve exercise adherence.57-69 Exercises should also be easily instituted and
individuals should engage in activities that they enjoy. Exercising at home instead of a
fitness facility, and use simple exercise mode such as walking have shown to improve
adherence.101 Additionally, physical activity programs need to be flexible, inexpensive, fun,
and not greatly interfere with a person’s daily routine. Thus, perhaps the 30 minutes per day
may need to be broken up into more feasible small bouts of 10 minutes walking or cycling
several times a day, as this regimen is as effective as a single longer session of equivalent
length and intensity.” Monitoring activity through diaries and activity monitors or
pedometers have also shown to increase exercise adherence.

We also believe an important hindrance to adherence to physical activity is the biases of
healthcare professionals not to consider that OA and T2DM in older adults can be treated by
physical activity. They tend to neglect the beneficial effects of exercise on cell function and
on the common physiologic components of these conditions such as systemic inflammation,
hyperglycemia and lipid metabolism. Physical activity is a powerful intervention that should
be approached as a “pill” and taken as prescribed. A great advantage of this “pill” is its
negligible side effects when special considerations and precautions to exercise are followed.
If healthcare professionals prescribe the physical activity “pill” with the enthusiasm that it
deserves, it would potentially improve exercise adherence.

Future Research on Physical Activity in Older Adult with both OA and T2DM

While there is strong evidence for the benefits of physical activity for older adults with
T2DM or OA; the evidence for exercise in individuals with a combination of these
conditions is limited. After an extensive search in MEDLINE we were unable to find studies
on the effectiveness of exercise in those diagnosed with both OA and T2DM. So, it is
unclear if the interaction of aging, OA and T2DM would modify the response or safety of
exercise. To that end, future studies are warranted to clarify several important issues. For
example, if research confirms the cartilage and subchondral bone of patients with T2DM are
more prone to damage, it will likely prompt adaptations to exercise prescription in this
population. Intervention studies should investigate the (1) dose-response of exercise,
particularly the safety of weight-bearing exercises, (2) effects of exercise on cartilage and
subchondral bone health, (3) consequences of increased joint loads in well controlled versus
not well-controlled T2DM, (4) safety of weight loss interventions, (5) optimal combinations
of aerobic and strength exercise to improve physical function and decrease pain.
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SUMMARY

Emerging evidence supports that people with T2DM are more susceptible to develop
arthritis. OA and T2DM in aging are linked by age and obesity factors such as cumulative
joint loads, systemic inflammation, and abnormal lipid metabolism. Hyperglycemia may
also directly impact OA. In this review we have discussed the common links between OA
and T2DM in older adults along with the metabolic and physical impairments commonly

present in this population. We emphasized the role of physical activity and the only
intervention capable of addressing a large number of metabolic and physical impairments in
older adults with both OA and T2DM.
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KEY POINTS

* Individuals with T2DM are more susceptible to develop OA. This is partially
explained by shared factors for these conditions such as aging and obesity.

*  Aging and obesity-related physical and physiological impairments contribute to
the development of OA (e.g., muscle weakness and atrophy, poor balance,
deconditioning, pain, excess joint loads, abnormal lipid metabolism, low-grade
inflammation, and oxidative stress).

*  Hyperglycemia may also directly injure cartilage health in OA by mechanisms
involving advanced glycation end-products (AGES) and peripheral neuropathy.

»  Physical activity is the only available intervention capable of positively
affecting the impairments that link aging, OA and T2DM.

e Special considerations are necessary for safe and effective implementation of
physical activity programs in older adults with OA and T2DM.
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Figure 1. Common Risk Factors of OA and T2DM
Obesity and age are well-established shared risk factors for OA and T2DM. Obesity affects

OA through biomechanical and systemic pathways. Age affects OA by factors such as
cumulative joint load, muscle weakness, cell dysfunction (e.g., chondrocyte, mitochondria),
and chronic inflammation. T2DM seems to have a direct impact on OA as hyperglycemia
promotes deposition of advanced glycation end-products (AGEs) and affects cartilage
health. Hyperglycemia also contributes to peripheral neuropathy, which can contribute to
muscle weakness, joint instability, and consequent OA of weight-bearing joints.
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Figure 2. Physical and Metabolic Impairments Resultant of T2DM, Aging and OA that Can
Benefit from Physical Activity

T2DM, aging and OA are associated with several physical impairments and metabolic
alterations that can be addressed by physical activity. Physical impairments common in this
population include: excess body weight and consequent increased adiposity and joint loads;
poor balance and increased fall risk; muscle dysfunction such as muscle weakness, muscle
atrophy, and decreased lean muscle mass; pain and joint stiffness; all of these impairments
limit daily activities and mobility. Metabolic alterations include hyperglycemia, excess
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adipose tissue with deregulated lipid metabolism, accumulation of advanced glycation end
products (AGEs), and systemic inflammation.
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Table 1

Risk Factors for OA and Diabetes. Data from references!02-104

Risk Factors for OA

Risk Factors for Diabetes

. Female
. History of joint injury
. Osteoporosis / reduced bone mineral density

. Occupational or repetitive joint stress

High risk ethnic or racial group (African American, Latino, Native
American, Asian American, Pacific Islander)

Family history of diabetes
History of gestational diabetes or giving birth to an infant > 9 pounds

Sedentary lifestyle

Risk Factors Common for OA and Diabetes

. Age
. Overweight or obese (BMI > 25)

Age
Overweight or obese (BMI > 25)

Hypertension*
Dyslipidemia*

. *
Impaired glucose tolerance

Hypertension
Dyslipidemia (low high-density lipoprotein and/or high triglyceride)

Impaired glucose tolerance (prediabetes)

*
Risk factors that need further validation
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Table 2

Exercises Indicated for Older Adults with Diabetes and OA. Data from references87-73

Page 22

Modality/Examples

Dose

Intensity Level

Benefits

Aerobic Exercise: Continuous
movements of large muscle groups
like walking, biking, swimming,
gardening, and ballroom dancing.

4 -7 days per week, or every
other day. Ideally, around 30
minutes every day. Do not stay
more than 2 consecutive days
without exercise.

For individuals with OA of weight-
bearing joints use moderate
intensity. It produces noticeable
increases in heart and breathing rates
while person is able to engage in a
conversation.

For individuals without OA of
weight-bearing joints use moderate
to vigorous intensity (consider
overall health status).

Improves
cardiovascular health,
maintains body weight,
improves glucose and
lipid metabolism, and
improves physical
function.

Resistive Exercise: Activities of brief
duration with weights or elastic
therapy bands such as calisthenics and
weight training.

2 — 3 days per week in non-
consecutive days. Exercise the
major muscle groups of the
lower extremities and trunk.
Progress from 1 to 3 sets of 8-10
repetitions at a weight that
cannot be lifted more than 8-10
times

Moderate to high intensity -
resistance should allow 10-15
repetitions of each exercise,
representing a perceived effort from
moderate to somewhat hard.

Strengthens muscles,
increases lean muscle
mass, decreases fat
mass, improves glucose
metabolism and
physical function.

Flexibility Exercise: Exercise takes
the joints to their full range of pain-
free motion-stretching, range of
motion.

2 days per week for 10 minutes
each day. Hold each stretch for
approximately 30 seconds.

Light - these exercises demand low
physical effort.

Maintains or increases
flexibility and
ameliorates joint
stiffness.

Balance Exercise: should challenge
the body’s dynamic stability -
exercises are performed as
modification of gait, such as
advancing gait with changes in
surfaces, rhythm, distance, load,
attention, and postural transition (start,
stop)- Yoga, Tai Chi, dance.

2 days per week for 15-30
minutes.

Light -these exercises demand low
physical effort. Balance exercises
require more complex control of
movement and elicit postural
reactions of ankle and hip joints,
along with step strategies.

Improves balance and
mobility, reduces fall
risk and disability.
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Contraindications to Exercise in Osteoarthritis and Diabetes. Data from referencest’-73

Osteoarthritis

Relative Contraindication

Mild to moderate joint pain

Most people can safely work through mild joint pain. If pain is worse
two hours after exercise, stop exercise, for 1-2 days and:

Decrease amount of exercise next time

Exercise different joints (e.g., if knees hurt during
walking, skip lower-body training and work on upper
body instead)

Absolute Contraindication

Moderate to severe joint pain

Continued pressure on inflamed joints can cause further damage

Extreme joint pain requires further medical exam

Switch to a workout that puts less pressure on joints (e.g.,
swimming)

Diabetes?3.83.92,105

Relative Contraindications
Requiring Closer Monitoring-
Based on Blood Glucose (BG)

B G 70-100 mg/dL

Have a snack - 15g carb every hour of moderately intense activity

BG 100-300 mg/dL

Proceed with exercise program

BG> 300 mg/dL

If patient feels well, is adequately hydrated, and urine
and/or blood ketones are negative, proceed with light- or
moderate-intensity exercise with periodic monitoring of
BG

In the absence of very severe insulin deficiency, light- or
moderate-intensity exercise tends to decrease BG

If BG rises with exercise, stop exercise

Absolute Contraindications

Ingestion of alcohol 3 hours prior to exercise

Hypoglycemia-BG< 70 mg/dL. Symptoms include shakiness, pale skin color, dizziness, behavior
changes, sweating, clumsy/jerky movements, hunger, seizure, headache, tingling sensations around the

mouth

Hyperglycemia-BG> 300 mg/dL with ketones and > 1 of the following require emergency treatment:
shortness of breath, nausea and vomiting, breath that smells fruity, a very dry mouth

Information in this table is not intended for use by patients
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Table 4

Special Considerations for Exercise in Aging, OA and T2DM. Data from references’3:83.92.105

GENERAL CONSIDERATIONS

EXERCISE PROGRESSION

T2DM-SPECIFIC CONSIDERATIONS

Drink plenty fluids before, during, and after exercise

Extended exposure to high temperature increases susceptibility to adverse effects from heat - exercise should be performed in a cool
environment

Delayed onset muscle soreness is common in the days following exercise (when starting or progressing exercise)

Physician assessment is required in case of development or worsening of hypertension, angina pectoris, arrhythmia, resting
tachycardia, claudication, frequent oscillations on fasting glucose levels, wounds in lower extremities, muscle weakness, joint pain,
and vision disturbances

Use of diuretics and beta-blockers - high doses of diuretics can interfere with fluid and electrolyte balance whereas beta-blockers
can increase risk of hypoglycemia unawareness.

For patients who take regular joint pain medication (e.g., analgesics, NSAIDs) it is recommended to time the medication
accordingly to decrease discomfort during exercise

Progression should be gradual to improve safety and to facilitate adaptation
Previously sedentary individuals have to gradually build up amount of exercise, starting with as little as 5 to 10 minutes per day

From the OA standpoint, exercise should progress only if patients do not experience increased joint pain, effusion, sensations of
instability, or decreased joint motion

To reduce the likelihood of delayed onset muscle soreness exercise should be started at low intensity and gradually increased to the
target level as tolerated

The exercise program should be reviewed regularly and be progressed/adjusted as appropriate

Maintain good diabetes control (A1C generally below 7%)

Carry fast acting carbohydrate at all times and ingest it if glucose levels drop
Carry an ID at all times with indication of medical conditions

Wear proper shoes and clothes according with the type of exercise

Perform foot inspection often

Insulin injection site should be rotated away from active muscles

For those who take insulin or insulin secretagogues blood glucose should be checked before, after, and several hours after exercise,
at least until they know their usual glycemic responses to exercise. For those with tendency to hypoglycemia reduce medication
before exercise and/or consume extra carbohydrate before exercise

In presence of Nephropathy: In presence of Peripheral Neuropathy:
. Systolic BP should not rise above 180 mm/Hg . Pain and burning can make it difficult to bear weight - do
i . . . L . non-weight-bearing or reduced weightbearing exercises
. Avoid weight lifting, breath holding, or high-intensity (e.g., aquatic exercises and bicycle)
exercise

In presence of Retinopathy: contribute to falls - incorporate balance exercises along

value In presence of foot ulcer and/or deformity:
In presence of Autonomic Neuropathy: . If active foot ulcer is present, perform non weight-bearing
exercise

. Balance and control of movement may be impaired and

Avoid vigorous activities, head jarring activities, with precautions to avoid falls during exercise

Valsalva, and position with the head below the waist - In presence of Charcot foot:
non-weight bearing exercise (biking, walking in the
pool, ballroom dancing) . Use a stationary or arm bike or do chair exercises using

. i . free weights
Systolic BP should not rise above 20 mm/Hg of resting

. Avoid swimming, keep feet clean and dry
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Monitor signs of blood glucose and silent ischemia (e.g.,
dyspnea, diaphoresis, orthostatic hypotension) — BP and
HR response to exercise may be blunted

Page 25
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