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INTRODUCTION
This chapter reviews evidence related to the preventive effects of physical activity in people with
chronic conditions. Chronic conditions can be defined as conditions with duration of at least 1 year,
which either require medical care and/or limit activities of daily life.1 A person has multiple chronic
conditions if they have two or more chronic conditions at the same time.
Chronic conditions occur in both children and adults. The prevalence of some common chronic
conditions (e.g., hypertension) and groups of chronic conditions (e.g., anxiety disorders) are shown in
Figure F10-1.2 In 2010, about half (51.7%) of all Americans had at least one chronic condition, and about
one-third (31.5%) had multiple chronic conditions. The prevalence of most common chronic conditions
increases with age, and about 80 percent of adults ages 65 years and older have multiple chronic
conditions.2 Given the aging of the U.S. population, the percent of adults with chronic conditions will
thus increase over the next few decades. Chronic conditions that are prevalent in older adults have
public health importance, even if they are not included in the figure. For example, in adults ages 50
years and older, the prevalence of osteoporosis is estimated at about 10 percent.3 Osteoporosis
increases risk of hip fracture—an important cause of morbidity and mortality in older adults.
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Figure F10-1. Most Prevalent Chronic Conditions in Adults and Children, 2010
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Most Prevalent Chronic Conditions in Children (17 and younger) –2010
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Source: Gerteis et al., 2014.2
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Broadly speaking, physical activity has two types of effects in people with chronic conditions:
therapeutic and preventive. Therapeutic physical activity is used to treat a disease in the same sense
that medication is treatment. An example of therapeutic physical activity is physical activity that is part
of formal rehabilitation programs, such as cardiac, stroke, and pulmonary rehabilitation. Generally,
therapeutic physical activity is tailored to the medical needs of an individual patient and supervised
and/or prescribed by health professionals. The reviews in this chapter do not address therapeutic
physical activity per se.
The evidence reviews in this chapter focus on the role of physical activity in prevention in people with an
existing chronic condition. Some reviews address primary prevention—not primary prevention of the
existing chronic condition, but rather primary prevention of an additional chronic condition. For
example, evidence reviews in this chapter address whether physical activity reduces risk of
cardiovascular mortality in adults with the chronic conditions of type 2 diabetes and hypertension.
Questions in this chapter that include the outcome of risk of co-morbid conditions and risk of second
primary cancer address primary prevention of additional chronic conditions. Although this chapter does
not address primary prevention of type 2 diabetes and hypertension, Part F. Chapter 5. Cardiometabolic
Health and Prevention of Weight Gain does review the effect of physical activity in reducing risk of
incident type 2 diabetes and hypertension.
Other evidence reviews address secondary prevention. Herein, secondary prevention refers to
preventing a chronic condition from getting worse over time (i.e., increasing in severity). Worsening of a
disease over time is assessed by indicators of disease progression. For example, in the osteoarthritis
evidence review of this chapter, indicators of progression are increasing amounts of damaged knee
cartilage over time and the need for knee replacement surgery. When a chronic condition progresses, it
commonly impairs physical function and lowers health-related quality of life (HRQoL), and may
eventually cause mortality. Questions in this chapter that include the outcomes of progression, healthrelated quality of life, physical function, risk of cancer recurrence, and cancer-specific mortality address
secondary prevention.
Admittedly, a clear distinction between therapeutic and preventive effects of physical activity is often
not possible. For example, in the evidence review for type 2 diabetes (Question 4 of this chapter), the
effects of physical activity on glycated hemoglobin (HbA1C) are regarded as preventive effects, as high
levels of HbA1C increase risk of disease progression. Of course, the effects of physical activity on HbA1C
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can also be regarded as therapeutic, as a goal medical treatment of type 2 diabetes is to lower HbA1C
below an individualized target level.
The evidence reviews of this chapter update information and evidence findings of the Physical Activity
Guidelines Advisory Committee Report, 2008 report.4 The 2008 Scientific Report4 addressed, to at least
some extent, the effects of physical activity in all the chronic conditions of interest in this chapter:
cancer survivors, osteoarthritis, hypertension, type 2 diabetes, multiple sclerosis, spinal cord injury, and
intellectual disabilities. However, many fewer scientific studies were available at the time the 2008
Scientific Report4 was written. The evidence reviews of this chapter located substantially more
information, and with one exception (progression outcome of osteoarthritis), the evidence reviews of
this chapter relied on existing systematic reviews, meta-analyses, and published analyses of pooled
data. Comparisons of the findings of this report with the findings of the 2008 Scientific Report4 are
provided for each question.
The evidence reviews of this chapter have substantial public health importance. As the number of
chronic conditions increases in an individual and as existing conditions worsen, the risk of functional
limitations increases, quality of life decreases, and costs of medical care increase. In 2010, 65 percent of
healthcare spending was for individuals with a chronic condition, and notably, most of this spending
(71%) was for people with multiple chronic conditions.2 Thus, in individuals with a chronic condition, it is
of large public health importance to prevent another chronic condition from developing and to prevent
the existing condition from getting worse.
Other aspects of the importance of prevention in individuals with chronic conditions are: (1) Individuals
with chronic conditions generally engage in less physical activity. To the extent physical activity provides
benefits, it emphasizes the importance of promoting physical activity in individuals with chronic
conditions. (2) Documenting preventive benefits in individuals with chronic conditions increases the
confidence that when a research study reports a preventive effect of physical activity in the general
population, it is not because of preventive effects that occur only in relatively healthy people. (3)
Documenting preventive benefits increases the confidence that effects of physical activity are not
blocked by disease effects. (4) Documenting preventive benefits emphasizes that the same physical
activity commonly provides both preventive and therapeutic benefits in individuals with chronic
conditions.
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Prioritization of Chronic Conditions
Early in its work, the 2018 Physical Activity Guidelines Advisory Committee agreed that Question 1 of
this chapter would address effects of physical activity in cancer survivors. To identify the chronic
conditions for other questions in this chapter, the Individuals with Chronic Conditions Subcommittee
identified four criteria for prioritizing conditions: (1) public health importance as indicated by prevalence
of the condition; (2) amount of evidence available as indicated by preliminary literature searches for
systematic reviews and meta-analyses; (3) diversity (by organ system) in conditions chosen for review;
and (4) no review of effects of physical activity in the condition by another Subcommittee.
A list of chronic conditions for possible review was presented at the Committee’s second public meeting
and discussed by the Committee publicly and in small group break-out sessions. Information on
prevalence of chronic conditions was ascertained from a report by the Agency for Healthcare Research
and Quality (Figure F10-12) or from published articles. Preliminary searches were done to estimate the
size of the literature of the effects of physical activity for conditions on the list. The search used a
standard set of physical activity terms, sought only articles designated as systematic reviews or metaanalyses, and used a list of search terms developed separately for each chronic condition. It was
originally thought that, for some conditions, available evidence on the health effects of physical activity
in people with that condition would be insufficient. However, the preliminary literature searches located
tens, if not hundreds, of possible systematic reviews of effects of physical activity for each condition
(Table F10-1). That is, the search did not rule out the possibility that, for any chronic condition, at least a
few good quality reviews of effects of physical activity would be available.
A table was created that ranked chronic conditions based upon prevalence and size of published
literature (Table F10-1). The purpose of this table was to provide background information for discussions
by the Subcommittee; it was not intended to provide a decision rule for selecting chronic conditions.
The prevalence of each condition was ranked, as was the number of “hits” in the preliminary search. The
sum of the two ranks was calculated, and then the sum was ranked. (This table was revised several
times; only one version is shown). As an example of the content of deliberations, consider low back pain.
There was concern that low back pain is technically a symptom due to a variety of conditions, rather
than a single chronic condition comparable to, for example, hypertension. Because effects of physical
activity could vary by the etiology of the back pain, a review would require identifying effects of physical
activity for each common condition causing back pain. The preliminary search results might
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overestimate the relevant evidence, as trials of therapeutic activity for acute low back pain might be
commonly included in reviews. When it was decided to include a review of physical activity and
osteoarthritis, part of the rationale was that osteoarthritis is a common cause of back pain, and thus this
review might end up addressing effects of physical activity in back pain due to osteoarthritis.
Several conditions were not selected because of evidence reviews by other Subcommittees. The Aging
Subcommittee reviewed effects of physical activity on physical function in older adults with
cardiovascular disease (CVD), chronic obstructive pulmonary disease, conditions causing cognitive
impairment (including Alzheimer’s disease), hip fracture, osteoporosis, Parkinson’s disease, and stroke.
The Brain Health Subcommittee reviewed the effects of physical activity in several additional chronic
conditions, including dementia, schizophrenia, attention deficit hyperactivity disorder, major
depression, bipolar disorder, anxiety disorders, and obstructive sleep apnea.
The Subcommittee carefully considered an evidence review addressing a chronic condition in children.
As of the fourth (next to last) Committee meeting, a review of a chronic condition prevalent in children
was still under consideration. With the Brain Health Subcommittee taking the lead on reviews of
physical activity in people with mental health conditions, the leading option was a review of asthma in
both adults and children. However, children are at low risk of chronic conditions so it was likely that no
information on prevention of co-morbidities in children with asthma would be available. The waxing and
waning of asthma symptoms and the effects of treatment on disease severity also could make it
challenging to tease out effects of physical activity on progression, physical function, and HRQoL.
Thus, it was decided to do a review of the effect of physical activity on intellectual and physical
disabilities, in part because intellectual disabilities, such as Down syndrome, are highly relevant to
children. Another set of preliminary searches was done and an outside expert consulted. The
preliminary search showed insufficient evidence was available for muscular dystrophy, but sufficient
evidence would be available for the final three conditions reviewed in this chapter: multiple sclerosis,
spinal cord injury, and intellectual disability.
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Table F10-1. Ranking of Chronic Conditions Based on Prevalence and Size of Published Literature
Chronic
Condition

Prevalence Prevalence Sum of
# Search
Children
Adults
Prevalences Results

Prevalence Search Sum Overall
rank
rank
Rank

Hypertension

2-3%

26.7%

29.0%

436

1

5

6

1

Mood
Disorders

0.80%

10.6%

11.4%

490

6

2

8

2

6.3%

6.3%

785

10

1

11

3T

9.5%

9.8%

483

8

3

11

3T

Low Back
Pain

18.1%

18.1%

241

3

9

12

5

Osteoarthritis

13.0%

13.0%

294

5

8

13

6

Lipid
Disorder

21.9%

21.9%

84

2

14

16

7

6.2%

14.0%

83 (125 with
ExerciseInduced)

4

13

17

8

5.3%

5.3%

294

12

7

19

9

Low

449 (513
including
stroke & AD)

18

4

22

10 T

Cancer
Survivors
Type 2
Diabetes

Asthma

<.4%

7.80%

Coronary
Heart Disease
Neuromotor
Disease
Congestive
Heart Failure

2.3%

2.3%

317

16

6

22

10 T

Chronic Renal
Disease

10.0%

10.0%

53

7

16

23

12

COPD

3.5%

3.5%

142 (284 with
Rehabilitation)

13

11

24

13

Stroke

3.0%

3.0%

185 (356 with
Rehabilitation)

15

10

25

14

Peripheral
Artery
Disease

3.4%

3.4%

91

14

12

26

15

6.7%

8.4%

27

9

18

27

16

Anxiety
Disorders

1.70%
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Chronic
Condition

Prevalence Prevalence Sum of
# Search
Children
Adults
Prevalences Results

Prevalence Search Sum Overall
rank
rank
Rank

ADHD

5.70%

Alzheimer’s
Disease
Cystic
Fibrosis

2.0%
<1%

5.7%

11

11

19

30

17

2.0%

73

17

15

32

18

Low

43

19

17

36

19

Legend: ADHD=attention deficit hyperactivity disorder, COPD=chronic obstructive pulmonary disease, AD=anxiety
disorders.

In summary, prioritization was a sequential process based upon discussions at public meetings and
various Subcommittee meetings. This sequential process ensured adequate time and resources were
available to address the final list of questions. Three prevalent conditions were chosen for Questions 2,
3, and 4: osteoarthritis (musculoskeletal), hypertension (cardiovascular), and type 2 diabetes
(metabolic). The resources and time available allowed only a more limited review for the last three
conditions, selected in part because of the public health importance of physical activity in people with
disabilities: multiple sclerosis, spinal cord injury, and intellectual disability. The selection of cancer types
for review in Question 1 is discussed below under Question 1.

Principles Guiding the Evidence Review and Terminology
In selecting relevant evidence, the Subcommittee was guided by several principles and definitions. (1)
The evidence review would rely on existing systematic reviews, rather than de novo reviews of original
research articles. This principle was followed for all reviews with one exception—the review of
progression in osteoarthritis. (2) Given the focus on prevention, the review would exclude studies of
therapeutic exercise, such as the effects of formal rehabilitation programs. (3) The most relevant
experimental evidence would come from controlled trials, preferably randomized trials, comparing
physical activity (only) to a no-activity control group. (4) In a person with one condition, the term comorbid condition would refer to any other chronic condition that could be measured by a medical
diagnosis (e.g., coronary heart disease) or by events (e.g., cardiovascular mortality). (5) The term
physical function would have the same definition as that developed by the Aging Subcommittee, namely
“the ability of a person to move around and to perform types of activity.” (6) Given that HRQoL is a
multi-dimensional concept that includes physical function, the most relevant HRQoL measures would
not be subscale scores, but summary scores aggregating information on quality of life across several
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subscales (or domains). (7) The term progression would refer to worsening of an existing disease or
chronic condition over time, and be assessed by one or more disease-specific indicators.

REVIEW OF THE SCIENCE
Overview of Questions Addressed
This chapter addresses seven major questions and related subquestions:
1. Question 1. Among cancer survivors, what is the relationship between physical activity and (1) allcause mortality, (2) cancer-specific mortality, or (3) risk of cancer recurrence or second primary
cancer?
a) Is there a dose-response relationship? If yes, what is the shape of the relationship?
b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?
c) Does the relationship vary based on: frequency, duration, intensity, type (mode), and how
physical activity is measured?
2. Question 2. In individuals with osteoarthritis, what is the relationship between physical activity and
(1) risk of co-morbid conditions, (2) physical function, (3) health-related quality of life, (4) pain, and
(5) disease progression?
a) Is there a dose-response relationship? If yes, what is the shape of the relationship?
b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?
c) Does the relationship vary based on frequency, duration, intensity, type (mode), or how physical
activity is measured?
3. Question 3: In people with the cardiovascular condition of hypertension, what is the relationship
between physical activity and (1) risk of co-morbid conditions, (2) physical function, (3) healthrelated quality of life, and (4) cardiovascular disease progression and mortality?
a) Is there a dose-response relationship? If yes, what is the shape of the relationship?
b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, weight status, or
resting blood pressure level?
c) Does the relationship vary based on frequency, intensity, time, duration, type (mode), or how
physical activity is measured?
4. Question 4. In people with type 2 diabetes, what is the relationship between physical activity and (1)
risk of co-morbid conditions, (2) physical function, (3) health-related quality of life, and (4) disease
progression?
a) Is there a dose-response relationship? If yes, what is the shape of the relationship?
b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?
c) Does the relationship vary based on: frequency, duration, intensity, type (mode), or how
physical activity is measured?
5. Question 5. In people with multiple sclerosis, what is the relationship between physical activity and:
1) risk of co-morbid conditions, 2) physical function, and 3) health-related quality of life?
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6. Question 6. In people with spinal cord injury, what is the relationship between physical activity and
(1) risk of co-morbid conditions, (2) physical function, and (3) health-related quality of life?
7. Question 7. In people with intellectual disabilities, what is the relationship between physical activity
and: (1) risk of co-morbid conditions, (2) physical function, and (3) health-related quality of life?

Data Sources and Process Used to Answer Questions
To allow for coverage of the largest number of chronic conditions, the Subcommittee chose to rely
exclusively on existing reviews including systematic reviews, meta-analyses, pooled analyses, and
reports for its questions, only answering the questions and sub-questions that could be answered with
the information from the existing reviews. For all but one question, additional searches for original
research were not needed. For Question 2 (individuals with osteoarthritis) the existing reviews did not
identify sufficient evidence to answer the question about disease progression. The Subcommittee and
expert consultant regarded progression of osteoarthritis as a question that needed to be answered due
to the existing relationship between physical activity and osteoarthritis. A supplementary de novo
search for original research was conducted on progression in individuals with osteoarthritis.
In an effort to reduce duplication of efforts, the searches for existing reviews and title triage for
Question 3 (individuals with hypertension) and Question 4 (individuals with type 2 diabetes) were done
concurrently with the Cardiometabolic Health and Weight Management Subcommittee’s Question 2
(blood pressure) and Question 3 (incidence of type 2 diabetes). The search strategies for each of these
questions were developed to address the needs of both Subcommittees. Title triage addressed the
inclusion criteria of both Subcommittees. Abstract and full-text triage were done separately for both
Subcommittees.
Across its questions, the Chronic Conditions Subcommittee reviewed original research articles contained
in the included systematic reviews, meta-analyses, pooled analyses, and reports to allow for additional
specificity in the understanding of the literature. These original research articles are not included as
evidence in the evidence portfolio. For complete details on the systematic literature review process, see
Part E. Systematic Literature Search Methodology.
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Question 1. Among cancer survivors, what is the relationship between physical
activity and (1) all-cause mortality, (2) cancer-specific mortality, or (3) risk of
cancer recurrence or second primary cancer?
a) Is there a dose-response relationship? If yes, what is the shape of the relationship?
b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?
c) Does the relationship vary based on: frequency, duration, intensity, type (mode), and how
physical activity is measured?
Sources of evidence: Systematic reviews, meta-analyses, pooled analyses

Conclusion Statements

Breast Cancer in Women
Moderate evidence indicates that greater amounts of physical activity after diagnosis are associated
with lower risks of breast cancer-specific mortality and all-cause mortality in female breast cancer
survivors. PAGAC Grade: Moderate.
Insufficient evidence is available to determine whether physical activity after diagnosis is associated with
risk of breast cancer recurrence or second primary breast cancer. PAGAC Grade: Not assignable.
Moderate evidence indicates that a dose-response relationship exists; as levels of physical activity
increase, risks of breast cancer-specific mortality and all-cause mortality decrease in female breast
cancer survivors. PAGAC Grade: Moderate.
Moderate evidence indicates that greater amounts of physical activity after diagnosis are associated
with lower risks of breast-cancer-specific mortality in both pre- and postmenopausal breast cancer
survivors, with menopause as a proxy for age, while greater amounts of physical activity are associated
with lower risks for all-cause mortality in only postmenopausal breast cancer survivors. PAGAC Grade:
Moderate.
Moderate evidence indicates that greater amounts of physical activity after diagnosis are associated
with lower risks of all-cause mortality in breast cancer survivors with both normal weight and
overweight or obesity, while greater amounts of physical activity after diagnosis are associated with
lower risks of breast cancer-specific mortality only in breast cancer survivors with overweight or obesity.
PAGAC Grade: Moderate.
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Insufficient evidence is available to determine whether the relationship between physical activity and
all-cause mortality or breast cancer-specific mortality differs by sex, race/ethnicity or socioeconomic
status in breast cancer survivors. PAGAC Grade: Not assignable.
Insufficient evidence is available to determine whether the frequency, duration, intensity, or type
(mode) of physical activity is related to all-cause mortality or breast cancer-specific mortality in breast
cancer survivors. PAGAC Grade: Not assignable.

Colorectal Cancer
Moderate evidence indicates that greater amounts of physical activity after diagnosis are associated
with lower risks of colorectal cancer-specific mortality and all-cause mortality in colorectal cancer
survivors. PAGAC Grade: Moderate.
Insufficient evidence is available to determine whether physical activity after diagnosis is associated with
risk of colorectal cancer recurrence or second primary colorectal cancer. PAGAC Grade: Not assignable.
Moderate evidence indicates that a dose-response relationship exists; as levels of physical activity
increase, risks of colorectal cancer-specific mortality and all-cause mortality decrease in colorectal
cancer survivors. PAGAC Grade: Moderate.
Moderate evidence indicates that the association between physical activity and both colorectal cancerspecific mortality and all-cause mortality does not vary across age groups from middle to older ages.
PAGAC Grade: Moderate.
Moderate evidence indicates that the association between physical activity and both colorectal cancerspecific mortality and all-cause mortality does not vary between men and women. PAGAC Grade:
Moderate.
Insufficient evidence is available to determine whether the relationship between physical activity and
all-cause mortality or colorectal cancer-specific mortality differs by race/ethnicity, socioeconomic status,
or weight status in colorectal cancer survivors. PAGAC Grade: Not assignable.
Insufficient evidence is available to determine whether the frequency, duration, intensity, or type
(mode) of physical activity is related to all-cause mortality or colorectal cancer-specific mortality in
colorectal cancer survivors. PAGAC Grade: Not assignable.
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Prostate Cancer
Limited evidence suggests an inverse association between highest versus lowest levels of physical
activity after diagnosis and all-cause mortality in prostate cancer survivors. PAGAC Grade: Limited.
Moderate evidence indicates an inverse association between highest versus lowest levels of physical
activity after diagnosis and prostate cancer-specific mortality in prostate cancer survivors. PAGAC
Grade: Moderate.
Insufficient evidence is available on the association between physical activity level and prostate cancer
recurrence or progression. PAGAC Grade: Not assignable.
Limited evidence suggests that a dose-response relationship exists; as levels of physical activity increase,
risks of prostate cancer-specific mortality and all-cause mortality decrease in prostate cancer survivors.
PAGAC Grade: Limited.
Insufficient evidence is available on the association between physical activity and prostate cancer
survival or recurrence by age, race/ethnicity, socioeconomic status, or weight status. PAGAC Grade: Not
assignable.
Limited evidence suggests that increased frequency, duration, and intensity of physical activity may be
associated with decreased risks for all-cause mortality and prostate cancer-specific mortality in prostate
cancer survivors. PAGAC Grade: Limited.

Review of the Evidence
According to the U.S. National Cancer Institute, a person is considered to be a cancer survivor from the
time of diagnosis until the end of life. Currently, almost 15 million people in the United States are cancer
survivors.5 Trends toward earlier detection of cancer and improved treatments have contributed to
increased survival; two-thirds of individuals with cancer survive for at least 5 years.5 This improved
survival has shifted focus in survivorship research toward new outcomes, such as studying long-term
survival (i.e., over decades). Increasingly, recognition of the role of host factors in cancer survival, such
as obesity, metabolic health, inflammation, immune function, and the endocrine system, has supported
the increased focus on lifestyle changes to improve these factors.
Systematic literature searches were conducted to answer Question 1, with conclusions possible for
breast cancer in women, colorectal cancer, and prostate cancer. The databases searched included
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PubMed, Cochrane, and CINAHL. The literature search to address Question 1 was limited to systematic
reviews, meta-analyses and pooled analyses. For prostate cancer, the results of the literature search did
not provide information on the physical activity association with all-cause mortality. The Subcommittee
therefore also reviewed original research articles contained within the one meta-analysis of physical
activity and prostate cancer prognosis in order to examine the association between physical activity and
all-cause mortality.
In the studies included in the meta-analyses, systematic reviews, and pooled analyses, physical activity
was measured through self-report, with different types of validated physical activity questionnaires. In
many studies, participants were presented with a list of typical activities (e.g., walking, running, biking),
and asked to indicate the frequency and duration of each activity. Other studies used more general
questions about time spent in vigorous- or moderate-intensity activities. Most collected information on
recreational activities, several also included occupational activities, and only a few included household
activities. Some calculated total physical activity, adding up all of these activities; most limited
calculation of amount of activity to leisure-time activity. Some of the meta-analyses calculated METhours per week of moderate and vigorous physical activities where data were available, but the cutpoints for highest versus lowest activity levels varied across studies. Although most studies that
calculated MET-hours assigned a MET value of 6 for vigorous activities, some assigned a value of 8.
Although information was available in some meta-analyses and systematic reviews on pre-diagnosis
physical activity levels, the Subcommittee examined only post-diagnosis activity levels in relation to
prognosis, because the focus of this chapter is on individuals with chronic disease.
Most of the studies included in the meta-analyses and systematic reviews adjusted for possible
confounding factors, although few had data on types of treatments and whether full courses of
treatment were received. Therefore, none of the meta-analyses was able to examine the confounding or
effect modifying effects of treatment. Because receipt of optimal treatment is a key predictor of survival
from cancer, the Subcommittee could not rule out a major confounding or modifying effect of this
factor.
The remainder of the discussion of the evidence and findings is organized by the three types of cancer
addressed by the review: breast cancer in women, colorectal cancer, and prostate cancer. In addition, a
section on other cancers comments on results of searches for evidence for other cancer types.
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Breast Cancer in Women
More than three million U.S. women are living with a diagnosis of invasive breast cancer.6 Breast cancer
prognosis is strongly influenced by stage at diagnosis, tumor subtype, and availability and access to
appropriate therapies.7 However, growing evidence suggests that host effects, including weight status,
metabolic health, and nutrition influence prognosis.8-11
The Subcommittee used information from eight systematic reviews,12-19 of which six included metaanalyses.14-19 These reviews included physical activity data collected after diagnosis and between 4 and
14 studies. Sample sizes ranged from several hundred to (in the most recent review) 17,666 breast
cancer survivors (1,239 deaths).14 Median length of follow-up ranged from 3 to 12 years. For recurrence,
data were available from four cohort studies and one small randomized controlled trial (RCT). Also
reviewed were three reports from a pooling project of four studies with a total of 13,000 breast cancer
survivors.20-22 Where several meta-analyses presented similar risk estimates, the Subcommittee chose to
report estimates from the most recent or most comprehensive review. In some cases, subgroup
analyses were reported in older reviews, and are therefore presented here.
For this analysis, breast cancer survivors are defined as women who have been diagnosed with invasive
breast cancer. All of the systematic reviews and meta-analyses included studies with breast cancer
survivors diagnosed at stages I to III, excluding those initially diagnosed with metastatic (stage IV)
cancer.

Evidence on the Overall Relationship
Data from this body of evidence show a consistent inverse association between amounts of physical
activity after diagnosis and cancer-specific and all-cause mortality in breast cancer survivors. Estimates
from a 2015 meta-analysis of eight cohorts found that highest versus lowest levels of physical activity
were associated with a 48 percent reduction in risk for all-cause mortality (relative risk (RR)=0.52; 95%
confidence interval (CI): 0.43-0.64).16 A 2016 meta-analysis of ten cohorts found that highest versus
lowest levels of post-diagnosis physical activity were associated with a 38 percent reduction in risk of
breast cancer-specific mortality (RR=0.62; 95% CI: 0.48-0.80).14 This latter study found that risk of
recurrence was significantly reduced in four cohorts and one trial that collected recurrence data
(RR=0.68; 95% CI: 0.58-0.80).14 It should be noted that the various studies used quite different
definitions of recurrence, so it is difficult to interpret the combined effect of these results. The pooling
project addressed the association between meeting the 2008 Physical Activity Guidelines23
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recommended activity levels and breast cancer survival. The project found that engaging in 10 or more
MET-hours per week was associated with a 27 percent reduction in all-cause mortality (hazard ratio
(HR)=0.73; 95% CI: 0.66-0.82) and a 25 percent reduction in breast cancer-specific mortality (HR=0.75;
95% CI: 0.65-0.85).20
Dose-response: A meta-analysis of four cohort studies found that, in comparisons of less active to more
active individuals, each 5, 10, or 15 MET-hours per week increase in amounts of post-diagnosis physical
activity was associated with a 6 percent (95% CI: 3%–8%), 11 percent (95% CI: 6%–15%), and 16 percent
(95% CI: 9%–22%) reduction in risk of breast-cancer mortality, respectively.17 Furthermore, each 5, 10,
or 15 MET-hours per week increase in amounts of post-diagnosis physical activity was associated with a
13 percent (95% CI: 6–20%), 24 percent (95% CI: 11%–36%), and 34% (95% CI: 16%–38%) decreased risk
of all-cause mortality, respectively.17

Evidence on Specific Factors
Age: Although no meta-analyses assessed relationships by age, menopausal status was investigated as
an effect modifier in two meta-analyses.16, 19 In women who were premenopausal at diagnosis, highest
versus lowest physical activity was associated with reduced breast cancer death (HR=0.55; 95% CI: 0.370.82).16 In postmenopausal women, highest versus lowest level of physical activity was associated with
reduced risk of both breast cancer-specific and all-cause mortality (HR=0.75; 95% CI: 0.58-0.98 and
HR=0.44; 95% CI: 0.24-0.80, respectively).16
Cancer subtype: Two meta-analyses assessed effects by tumor estrogen receptor status.15, 16 Women
with estrogen receptor positive tumors who were in the highest level of physical activity had reduced
risk of all-cause mortality compared with women in the lowest level (HR=0.34; 95% CI: 0.14-0.83), but
physical activity did not have a similar effect on all-cause mortality in women with estrogen receptor
negative tumors. This meta-analysis further found that the subset of survivors at the highest level of
physical activity with both estrogen receptor negative and progesterone receptor negative tumors had
reduced risk of all-cause mortality (HR=0.56; 95% CI: 0.41-0.77), while those with estrogen and
progesterone receptor positive tumors had reduced risk for breast cancer-specific mortality (RR=0.32;
95% CI: 0.12-0.86).16 Women with stage I and stage II-III disease at diagnosis had reduced risk of allcause mortality (HR=0.31; 95% CI: 0.10-0.95 and HR=0.57; 95% CI: 0.41-0.79, respectively).16 These
analyses by cancer subtypes were limited to two to three cohort studies, and therefore should be
interpreted with caution. The pooling project found that women with estrogen receptor positive tumors
2018 Physical Activity Guidelines Advisory Committee Scientific Report

F10-17

Part F. Chapter 10. Individuals with Chronic Conditions
who were in the top two tertiles of post-diagnosis physical activity had significantly reduced mortality
(20-30%, Ptrend<0.0001) after 5-year follow-up, compared with those with lower activity levels.21
Sex: Although breast cancer occurs in men, it is 100 times less common than in women. No studies
investigated the association between physical activity and survival, recurrence, or second primary in
men with breast cancer.
Race/ethnicity and socioeconomic status: No conclusions can be made regarding whether the inverse
relationship between physical activity and all-cause mortality, as well as cancer-specific mortality, varies
by race/ethnicity, or socioeconomic status. The studies lacked sufficient representation of ethnic and
minority populations, as well as outcomes based on socioeconomic status, preventing any systematic
conclusions related to these factors.
Weight status: Three meta-analyses estimated effects of physical activity by body mass index (BMI)
level, with similar results.15, 16, 19 In the latest review, for those with BMI <25 kg/m2, risk of all-cause
mortality in those with highest versus lowest physical activity level was reduced (HR=0.44; 95% CI: 0.300.64), while risk for breast cancer-specific mortality was not reduced.16 Among those with BMI >25
kg/m2, risks for both breast cancer-specific and all-cause mortality were reduced in those with highest
versus lowest physical activity level (HR=0.51; 95% CI: 0.35-0.74 and HR=0.50; 95% CI: 0.32-0.78,
respectively).16
Physical activity frequency, duration, intensity, type (mode): Physical activity in the meta-analyses was
measured as either hours per week, or more generally expressed as MET-hours per week of moderate
and vigorous physical activities. Beyond the total MET-hours per week of moderate-to-vigorous physical
activity, presumed primarily aerobic based on surveys and questionnaires, no specific conclusions can be
made regarding the nature of the exercise exposure.
Colorectal Cancer

Review of the Evidence
More than 1,317,000 individuals in the United States are colorectal cancer survivors, and about 135,000
new cases occur per year, of which approximately 72 percent are colon and 28 percent are rectal.24, 25
Colorectal cancer causes approximately 50,260 deaths per year in the United States, accounting for 8.4
percent of cancer deaths as the second leading cause for cancer mortality.
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The Subcommittee used information from eight systematic reviews,12, 14, 17, 26-30 of which six included
meta-analyses.14, 17, 27-30 These reviews included between three and seven studies that assessed postdiagnosis physical activity in relation to survival. Sample sizes in included cohorts ranged from several
hundred to (in the most recent review) a total of 9,698 colorectal cancer survivors (1,071 deaths).14
Median length of follow-up ranged from 4 to 12 years. For recurrence, data were available from only
one small cohort study. Where several meta-analyses presented similar risk estimates, the
Subcommittee chose to report estimates from the most recent or most comprehensive review. In some
cases, subgroup analyses were reported in older reviews, and are therefore presented here.
The studies on physical activity pooled all outcomes for colon and rectal cancer, which are reported at a
ratio of approximately two cases of colon cancer for each case of rectal cancer, and adjusted for tumor
location, including proximal colon (ascending and transverse), distal colon (descending and sigmoid),
and rectal cancer, and for cancer grade. Thus, the conclusions of this report are considered to apply to
cancer survivors with a diagnosis of both proximal and distal colon and rectal cancer. Most of the cohort
studies included colorectal cancer stages I to III, excluding metastatic stage IV cancer, and the metaanalyses of the cohort studies further excluded stage IV to minimize the bias that could be introduced
with its higher mortality. Therefore, this question’s conclusions do not apply to stage IV colorectal
cancer.

Evidence on the Overall Relationship
Data from this body of evidence show a consistent inverse association between amounts of physical
activity after diagnosis and all-cause mortality and colorectal cancer-specific mortality in colorectal
cancer survivors. A 2016 meta-analysis including seven cohort studies showed a 42 percent reduced risk
of all-cause mortality in survivors with highest versus lowest levels of physical activity (RR=0.58; 95% CI:
0.49-0.68).30 A different 2016 meta-analysis of six cohorts found that highest versus lowest levels of
post-diagnosis physical activity were associated with a 38 percent reduction in risk of colorectal cancerspecific mortality (relative risk (RR)=0.62; 95% CI: 0.45-0.86).14 This latter study found that risk of
recurrence was not statistically significantly related to physical activity, but the data were from only one
cohort with 832 survivors (159 deaths).14
One meta-analysis assessed dose-response using five cohort studies. In comparisons of less active to
more active individuals, each 5, 10, or 15 MET-hours per week increase in post-diagnosis physical
activity was associated with a 15 percent (95% CI: 10%-19%), 28 percent (95% CI: 20%-35%), and 35
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percent (95% CI: 28%-47%) lower risk for all-cause mortality.17 Results for colorectal cancer-specific
mortality were virtually identical.

Evidence on Specific Factors
Age: Most of the prospective cohort studies included in the meta-analyses consisted of individuals with
a median age ranging from 60 to 69 years. Although age was included as an adjustment factor in most
studies, no meta-analyses conducted analyses by age group. However, the cohorts that enrolled only
older individuals31, 32 found similar effects of physical activity on mortality compared with younger
survivor populations.
Sex: The recent meta-analyses included two prospective cohort studies with women only32, 33 that
showed statistically significant inverse associations between physical activity and both all-cause
mortality and cancer-specific mortality. One study with only men showed a non-statistically significant
negative association between highest versus lowest physical activity level and risk for either all-cause
mortality or colorectal cancer-specific mortality.34 Results for remaining cohorts lay between the results
for women only and men only. Therefore, it appears likely that physical activity reduces all-cause and
colorectal cancer-specific mortality in both men and women.
Race/ethnicity and socioeconomic status: No conclusions may be made regarding whether the inverse
relationship between physical activity and all-cause mortality or colorectal cancer-specific mortality
varies by race/ethnicity, or socioeconomic status. The studies lacked sufficient representation of ethnic
and minority populations, as well as outcomes based on socioeconomic status, preventing any
systematic conclusions related to these factors.
Weight status: Although most of the source cohorts in the meta-analyses adjusted for BMI, the metaanalyses did not provide estimates of effects of physical activity on mortality by categories of BMI.
Therefore, the effect of weight status on the role of physical activity in colorectal cancer survivors is
unknown.
Physical activity frequency, duration, intensity, type (mode): Physical activity in the meta-analyses was
measured as either hours per week, or more generally expressed as MET-hours per week of moderate
and vigorous physical activities. Sedentary to low activity was defined as less than 3 MET-hours per
week, while higher physical activity levels were classified at a range from more than 17 to more than 27
MET-hours per week. Beyond the total MET-hours per week of moderate-to-vigorous physical activity
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(which was presumed as primarily aerobic based on surveys and questionnaires), no specific conclusions
can be made regarding the nature of the exercise exposure.

Prostate Cancer
Review of the Evidence
More than three million U.S. men are living with a diagnosis of invasive prostate cancer.35 Most men
diagnosed in older ages (older than age 65 years) do not die of their prostate cancer; rather, the primary
cause of death in this survivor population is CVD. Prognosis is influenced by stage at diagnosis and
availability and access to appropriate therapies.36
The Subcommittee used information from two systematic reviews,12, 14 of which one included a metaanalysis.14 The Ballard-Barbash et al12 review included only one cohort study of prostate cancer
survivors, while the Friedenreich et al14 review included four studies. Therefore, estimates for this report
are from the latter review. Available information on the association between physical activity and
survival in men with prostate cancer is from prospective cohort studies of prostate cancer survivors for
whom data were obtained on physical activity levels after diagnosis. Sample sizes in the four cohorts
ranged from 830 to 4,600 prostate cancer survivors. Median length of follow-up ranged from 2 to 15
years. For recurrence, data were available from two cohort studies.

Evidence on the Overall Relationship
Data from this body of evidence show an inverse association between amounts of physical activity after
diagnosis and cancer-specific mortality in prostate cancer survivors. Estimates from a 2016 metaanalysis of three cohorts found that highest versus lowest levels of physical activity were associated with
a 38 percent reduction in risk for prostate cancer-specific mortality (RR=0.62; 95% CI: 0.47-0.82).14
Overall mortality was not addressed in the Friedenreich et al14 meta-analysis. A review of the papers
included in the systematic reviews indicates that highest versus lowest levels of total, recreational, nonsedentary occupational, and vigorous physical activity were statistically significantly related to reduced
risk for all-cause mortality.37-39
Risk of recurrence or progression was not associated with physical activity in a meta-analysis of two
cohorts that collected recurrence or progression data (RR=0.77; 95% CI: 0.55-1.08).14 It should be noted
that the various studies used quite different definitions of recurrence, so it is difficult to interpret the
combined effect of these results.
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A review of the individual papers included in the meta-analysis14 showed significant dose-response
effects, such that men who exercised for greater MET-hours per week or greater numbers of hours per
week, or who engaged in vigorous activity, had lower risk for both all-cause mortality and prostate
cancer-specific mortality.37-39 One study found an association between increased walking speed and
duration with lower risk of prostate cancer progression,40 and one study found a statistically significant
association between increased walking or biking and both overall and prostate cancer-specific
mortality.38 However, the studies used different categories for gradient of amount of activity, and
therefore it is difficult to determine an overall relationship between these components of physical
activity and prostate cancer outcomes.

Evidence on Specific Factors
Age: Neither the meta-analysis nor the cohort studies assessed relationships by age groups.
Cancer subtype: The association between physical activity and prostate cancer progression by Gleason
score (cancer aggressiveness) was estimated in one study in a recent meta-analysis.14 For men with
Gleason score less than7, the hazard ratio for reduced survival for those walking 7 or more hours per
week versus less than 0.5 hours per week was 0.39 (95% CI: 0.11-1.41). For those with Gleason score
greater than or equal to 7, the hazard ratio for reduced survival for those walking 7 or more hours per
week versus less than 0.5 hours per week was 1.33 (95% CI: 0.54-3.29) (Pinteraction 0.006). Because neither
hazard ratio was statistically significant, it is not clear that the prognosis differs by baseline indicator of
disease aggressiveness.
Race/ethnicity and socioeconomic status: None of the studies provided information on effects of
physical activity on survival or progression by race/ethnicity, or socioeconomic status.
Weight status: None of the studies provided information on effects of physical activity on survival or
progression by weight status.
Physical activity frequency, duration, intensity, type (mode): The individual cohort studies assessed
relationships between several domains of physical activity and both all-cause mortality and prostate
cancer-specific mortality, including vigorous activity, MET-hours per week, walking speed, and mean
time walking or biking. Most physical activity domains were associated with improved survival.
However, given the variable ways of measuring and presenting data in the source cohort studies, it is
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not possible to firmly determine whether the magnitude of effects on prognosis in prostate cancer
survivors is similar across these physical activity domains.

Other Cancers
Although the Subcommittee searched for systematic reviews, meta-analyses, and pooled analyses
related to post-diagnosis physical activity and prognosis in any cancer, most of the published studies
have focused on breast, colorectal, and prostate cancers. The Subcommittee decided that evidence was
too limited for other cancers to draw conclusions or assign an evidence grade.
One 2016 systematic review/meta-analysis identified two cohort studies that included any cancer
type.14 One of these studies showed a statistically significant 38 percent reduction in cancer-specific
mortality in men with highest versus lowest levels of physical activity,41 while the other found no
significant association of physical activity with cancer-specific mortality in women.42 The Ballard-Barbash
et al12 systematic review included one study of glioma, which showed a statistically significant 36
percent reduction in all-cause mortality in individuals engaging in 9 or more versus less than 9 METhours per week of physical activity (HR=0.64; 95% CI: 0.46-0.91; Ptrend< .001).43 The Subcommittee
recognizes that additional single studies of physical activity in relation to cancer survival have been
published, but all were published after our systematic search was applied.
For additional details on this body of evidence, visit: https://health.gov/paguidelines/secondedition/report/supplementary-material.aspx for the Evidence Portfolio.

Comparing 2018 Findings with the 2008 Scientific Report
The 2008 Scientific Report4 reviewed the literature on the association between physical activity and
cancer prognosis through 2008. From the limited amount of research available at that time, the 2008
Scientific Report4 tentatively concluded that increased physical activity is associated with reduced
mortality for women with breast cancer and for men and women with colorectal cancer. Since that time,
the literature on physical activity and cancer survival has grown enough to warrant meta-analyses of
survival cohort data, which can provide more precise estimates of these associations, as well as doseresponse estimates and information about effects within subgroups of cancer survivors.
The 2008 Scientific Report4 also considered evidence of associations between physical activity and late
and long-term consequences of cancer treatment and quality of life. The 2018 Committee did not review
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these issues, but rather focused on the considerable new literature available on physical activity and
survival.

Public Health Impact
In the United States, an estimated 42 percent of men and 38 percent of women will develop cancer in
their lifetimes.44 For several cancers, the projected number of years that affected individuals will live is
increasing, such that many cancer survivors can expect to live for decades after their diagnosis.45 More
than 15.5 million children and adults with a history of cancer were alive on January 1, 2016, in the
United States, and of these, 8,319,370 had a history of breast, colorectal, or prostate cancer.46 By
January 1, 2026, it is estimated that the population of cancer survivors will increase to 20.3 million:
almost 10 million males and 10.3 million females.46 Of these, an estimated 10,889,250 will be survivors
of breast, colorectal, or prostate cancer.
A growing body of literature supports an inverse association between greater amounts of physical
activity and decreased all-cause and cancer-specific mortality in individuals with a diagnosis of breast,
colorectal, or prostate cancer, with risk reductions ranging from 38 to 48 percent. The lack of
information about confounding or effect modification by type and completion of treatment reduced the
strength of the findings. However, given the statistical significance and effect sizes of the observed
associations, the Subcommittee supports recommendations to breast, colorectal, and prostate cancer
survivors to increase physical activity. Given the lack of information on physical activity in relation to
survival in individuals with cancers other than breast, colorectal, or prostate cancer, no conclusions or
recommendations can be made for these cancer survivors. Physical activity should be encouraged to
improve survival in individuals diagnosed with breast, prostate, or colorectal cancer.

Question 2. In individuals with osteoarthritis, what is the relationship between
physical activity and (1) risk of co-morbid conditions, (2) physical function, (3)
health-related quality of life, (4) pain, and (5) disease progression?
a) Is there a dose-response relationship? If yes, what is the shape of the relationship?
b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?
c) Does the relationship vary based on frequency, duration, intensity, type (mode), or how physical
activity is measured?
Sources of evidence: Systematic reviews, meta-analyses, existing report, original articles

Conclusion Statements

Risk of Co-morbid Conditions
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Insufficient evidence is available to determine whether a relationship exists between greater amounts of
physical activity and comorbidities in individuals with osteoarthritis. PAGAC Grade: Not assignable.

Physical Function or Pain
Strong evidence demonstrates a relationship between greater amounts of physical activity with
decreased pain and improved physical function in adults with osteoarthritis of the knee and hip. PAGAC
Grade: Strong.
Insufficient evidence is available to determine whether a dose-response relationship exists between
physical activity with pain or physical function in individuals with osteoarthritis. PAGAC Grade: Not
assignable.
Insufficient evidence is available to determine whether the relationship between physical activity with
pain or physical function varies by age, sex, race/ethnicity, socioeconomic status, or body weight status
in individuals with osteoarthritis. PAGAC Grade: Not assignable.
Limited evidence suggests that greater intensity or duration of aerobic and muscle-strengthening
physical activity is related to improvement in pain and physical function in individuals with osteoarthritis
of the knee and hip. PAGAC Grade: Limited.

Health-related Quality of Life
Moderate evidence indicates a relationship between greater amounts of physical activity and improved
health-related quality of life in individuals with osteoarthritis of the knee and hip. PAGAC Grade:
Moderate.
Insufficient evidence is available to determine whether a dose-response relationship exists between
physical activity and health-related quality of life in individuals with osteoarthritis. PAGAC Grade: Not
assignable.
Insufficient evidence is available to determine whether the relationship between physical activity and
health-related quality of life varies by age, sex, race/ethnicity, socioeconomic status, or body weight
status in individuals with osteoarthritis. PAGAC Grade: Not assignable.
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Insufficient evidence is available to determine whether the frequency, duration, intensity, or type
(mode) of physical activity is related to health-related quality of life in individuals with osteoarthritis.
PAGAC Grade: Not assignable.

Disease Progression
Moderate evidence indicates a relationship between physical activity and disease progression in
individuals with osteoarthritis. Moderate evidence indicates that up to the range of 10,000 steps per
day, ambulatory physical activity does not accelerate osteoarthritis of the knee. PAGAC Grade:
Moderate.
Moderate evidence indicates a dose-response relationship between physical activity and disease
progression in individuals with osteoarthritis. The relationship appears to be U-shaped. PAGAC Grade:
Moderate.
Insufficient evidence is available to determine whether the relationship between physical activity and
progression varies by age, sex, race/ethnicity, socioeconomic status, or body weight status in individuals
with osteoarthritis. PAGAC Grade: Not assignable.
Insufficient evidence is available to determine whether the frequency, duration, intensity, or type
(mode) of physical activity is related to progression in individuals with osteoarthritis. PAGAC Grade: Not
assignable.

Review of the Evidence
Evidence on the Overall Relationship

Risk of Co-morbid Conditions
Available evidence was insufficient to determine whether a relationship exists between greater amounts
of physical activity and comorbidities in individuals with osteoarthritis (OA). A search for systematic
reviews, meta-analyses, pooled analyses, and reports failed to locate any reviews of the effects of
physical activity on risk of co-morbid conditions. Thus, no additional discussion is provided for the
outcome of risk of co-morbid conditions.

Osteoarthritis and Pain, Physical Function, and Health-related Quality of Life
The original literature search revealed 18 meta-analyses and systematic reviews meeting the criteria for
inclusion in the analysis of OA and pain, physical function, and health-related quality of life (HRQoL).47-64
However, these meta-analyses included significant overlap in the studies included. In an attempt to
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minimize redundancy, the Subcommittee reviewed the overlap of studies within all the meta-analyses.
Meta-analyses with considerable overlap, with fewer than five unique additional studies, and that did
not add additional information to the larger studies were not retained for purposes of the final analyses.
This resulted in retention of six meta-analyses.47-50, 52, 53
Of these six studies, five covered physical function as an outcome,47, 49, 50, 52, 53 five covered pain as an
outcome,47-49, 52, 53 and two dealt with HRQoL as an outcome.47, 52
Pain: The meta-analyses examined a variety of physical activity interventions, including land-based
therapeutic strength and aerobic exercises,48, 52 aquatic activities,47, 48 and tai chi.49, 52 Juhl et al53
examined single or combination exercises, including aerobic, resistance, and performance training. The
included reviews47-49, 52, 53 addressed pain as outcomes using a variety of scales (Western Ontario and
McMaster's Osteoarthritis Index, Lequesne Osteoarthritis Index).
Physical Function: The meta-analyses examined a variety of physical activity interventions, including
land-based strength and aerobic exercises,50, 52 aquatic activities,47, 50 and tai chi.49, 50, 52 Juhl et al53
examined single or combination exercises, including aerobic, resistance, and performance training. The
included reviews addressed physical function and outcomes related to physical function in a variety of
ways, including perceived self-efficacy, and cognitive and emotional impairment,49 functional aerobic
capacity,49, 50 and disability and physical function measured using the Activities of Daily Living Scale,
Western Ontario and McMaster's Osteoarthritis Index, and Global Disability Scores.47, 52, 53
Health-related Quality of Life (HRQoL): Fransen et al52 examined the effects of a variety of types of landbased exercise, including muscle strengthening, balance training, aerobic walking, cycling, and tai chi.
Bartels et al47 assessed various types of exercises (range of motion, strength, aerobics) with HRQoL as an
outcome using a variety of scales.47, 52
In sum, these six reviews included:

•

131 individual studies and meta-analyses dealing with knee OA alone, covering 9,798 individuals
with physical function as an outcome, 10,948 with pain as an outcome, and 2,771 with HRQoL as
an outcome;

•

13 individual studies dealing with hip OA alone, covering 3,021 individuals with physical function
as an outcome, 1,320 with pain as an outcome, and 1,190 with HRQoL as an outcome; and
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•

13 individual studies dealing with aquatic exercise on knee and hip OA together, covering 1,076
participants with pain as an outcome, 1,059 participants with function as an outcome, and 971
participants with HRQoL as an outcome.

The effect sizes on pain, physical function and quality of life for those with hip OA did not seem to vary
from those considering knee OA alone.
Most of the studies in these meta-analyses consisted of RCTs of the effects of one or more modalities of
exercise (land-based and aquatic; aerobic, muscle-strengthening, and tai chi) on knee and hip OA. Most
used the Western Ontario and McMaster Arthritis Index (WOMAC) scale—common in the OA research
arena—to assess pain, physical function, and quality of life. Some studies examined land-based exercise
exclusively.52 Others examined pool-based exercise effects only.47 The effect sizes on pain, physical
function, and quality of life did not seem to vary whether the exercise was land-based or aquatic
exercise.
The findings on pain, physical function, and HRQoL are illustrated in Figures F10-2 and F10-3, which
present results from one review dealing with land-based exercise effects on the knee (adapted from
Fransen et al52) and one review dealing with aquatic exercise effects on the knee (adapted from Bartels
et al47), respectively. In Figure F10-2, the direction to the left favors exercise (decreased pain and
improved physical function), whereas, improved HRQoL is to the right. In Figure F10-3, the direction to
the left favors exercise (decreased pain, and improved physical function and HRQoL).
The results of these two reviews reported effect sizes that are roughly equivalent for land-based and
aquatic exercise. That is, for the outcomes of pain, physical function, and HRQoL, land-based exercise
appears to be as efficacious as water-based exercise. Also, the evidence in these reviews suggests that
physical activity effects on pain and physical function persist for up to 6 months following cessation of
the intervention.52
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Figure F10-2. Effects of Land-based Exercise on Pain, Physical Function, and Quality of Life in Knee
Osteoarthritis
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-0.71 [-1.16, -0.27]
-0.96 [-1.45, -0.47]
-1.73 [-2.30,-1.16]
-0.39 [-0.95, 0.17]
-0.18 [-0.77, 0.41]
-0.48 [-1.03, 0.08]
-1.03 [-1.83, -0.23]
0.54 [-0.50, 1.57]
-0.47 [-0.65, -0.29]

1545 100.0%
1992
Total (95% CI)
Heterogeneity: Tau² = 0.05; Chi² = 84.97, df = 45 (P = 0 .0003); I² = 47%
Test for overall effect Z = 9.64 (P <0.00001)
Test for subgroup differences: Chi² = 0.08; df = 1 (P = 0.77), I² = 0%

-0.49 [-0.59, -0.39]

Standard Mean Difference
IV, Random, 95% CI

1997
1997
2003
2004
2007
2007
2008
2008
2008
2008
2009
2010
2010
2011
2011
2012
2012
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Quality of Life
Standard Mean Difference
Exercise
Control
Study of Subgroup Mean
IV,
Random, 95%CI Year
Weight
SDTotal Mean
SDTotal
1.3.1 Change scores
-1.7 1.3
Minor 1989
28
5 .3%
0.46 [-0.07, 0.99] 1989
-2.4
1.7
28
6 .4 83 -0 .7 3 .7
Fransen 2001
43 1 0 .7%
0.48 [0.10, 0.85]
2001
2
Keefe 2004

0 .38

1 .22

16

0.05

Bennett 2005

0 .5

0 .13

73

0.51

13

30

2

93

Thorstensson 2005
Hay 2006

4
0.14

Lee 2009

1 9 .2

1 5 .9

Kao 2012

2.1

9.3

Subtotal (95%CI)

466

0.17
14

-0.7
-0.28

29
114

0.33

2

9.1 10.3
-0.33

7.9

18

3 .2%

67

1 3 .5%
5 .8%
1 7 .5%

0.21 [-0.08,0.50]

3 .6%

0.69 [0.05, 1.34]
0.28 [0.00, 0.55]

15

382

19.4%

78.8%

1.3.2 End of treatment scores
Fransen 2007
49.61 8 .83 41 47.6 8 .2 36 7 .4%
Lund 2008
25 43.1 11.5 27 5 .0%
43.8 12.5
Wang 2011
74
11 26
67
13 26 4.8%
66.64 20.36 10
65 27.77
6 1.4%
Brute-Brand 2012
Salacinski 2012
59.2 17.5 13 46.7 22.6 15 2 .6%
110 21.2%
Subtotal (95% CI)
115

Heterogeneity: Tau² = 0.00; Chi² = 2.55; df= 4 (P= 0.64); I² = 0%
Test for overall effect Z = 2.23 (P = 0.03)
581

0.34 [-0.16 , 0.85]

31

Heterogeneity:Tau² = 0.00; Chi² = 7.61, df = 7 (P = 0.37); l² = 8%
Test for overall effect: Z = 3.70 (P = 0.0002)

Total (95%CI)

0.37 [- 0.31, 1.05] 2004
-0.07 [-0.40, 0.27] 2005

89
91

492 100.0%

Heterogeneity:Tau² = 0.00; Chi² = 10.20, df = 12 (P = 0 .60); I² = 0%
Test for overall effect:Z = 4.45 (P <0.00001)
Test for subgroup differences: Chi² = 0.03, df = 1 (P = 0.86), I² = 0%

Standard Mean Difference
IV, Random, 95% CI

2005
2006
2009
2012

0.27 [0.13, 0.42]

0.23 [-0.22, 0.68] 2007
0.06 [-0.49, 0.60] 2008
0.57 [0.02,1.13] 2011
0.07 [-0.95, 1.08] 2012
0.59 [-0.17,1.36] 2012
0.30 [0.04, 0.57]

0.28 [0.15, 0.40]
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Physical Function
Standard Mean Difference
Control
Exercise
Study of Subgroup
Mean
IV, Random, 95% CI Year
SDTotal Mean
SDTotal Weight
1.2.2 End of treatment scores
Ettinger 1997a/b
1.72 0 .48 144 1 .9 0 .48 75 3.1%
-0.37 [-0.66, -0.09] 1997
Ettinger 1997a/b
1.74
0.48 144 1.9
0.48
-0.33 [-0.61, -0.05] 1997
75 3.1%
Hughes 2004
17.3 12.6
68 22.3 12.8
43 2 .7%
-0.39 [-0.78, -0.01] 2004
Brismée 2007
39.5 12.96 22 40.69 11.89
19 1 .9%
-0.09 [-0.71, 0.52] 2007
Hurley 2007
20 18.5 229 25.9 13.6 113 3 .3%
-0.35 [-0.57, -0.12] 2007
An 2008
11 511.8 381.6
-0.41 [-1.28, 0.46] 2008
347.5 383.8
10 1 .3%
Jan 2008
-0.80 [-1.24, -0.36] 2008
14.8
8.9
68 22.5 10.9
30 2.5%
Lund 2008
11
27 2 .1%
-0.26 [-0.81, 0.28] 2008
35.9 11.5
25 38.9
Doi 2008
-0.33 [-0.69, 0.04] 2008
13.69 13.47 61 18.59 16.38 56 2 .8%
Lin 2009
10.1
8 .3
36 24.9 11.8
36 2 .2%
-1.44 [-1.96, -0.91] 2009
Jan 2009
-1.28 [-1.72, -0.84] 2009
71
10.1
25 11.8
35 2 .5%
11.2
Salli 2010
47 32.6 11.6
24 2 .2%
20.65
8 .9
-1.20 [-1.73, -0.66] 2010
Bezalel 2010
34
25
10
25
10
25 2 .0%
-0.89 [-1.47, -0.30] 2010
Foroughi 2011
9 .4
20 18.1
-0.43 [-1.03, 0.16] 2011
13.3
12
25 2 .0%
Wang 2011
14
18
26
31
18
26 2 .1%
-0.79 [-1.36, -0.23] 2011
Brute-Brand 2012
0.53 [-0.50, 1.57] 2012
33.91 12.91
10 26.11 15.33
6 1.0%
Salacinski 2012
-0.84 [-1.62, -0.06] 2012
15.8 13.9
13 28.9 16.2
15 1 .5%
1020
640 38.0%
Subtotal (95%CI)
-0.59 [-0.78, -0.40]
Heterogeneity: Tau² = 0 .10; Chi² = 47.46, df = 16 (P <0.0001); I² = 66%
Test for overall effect: Z = 6 .00 (P <0 .00001)
1653 100.0%
2260
Total (95% CI)
Heterogeneity:Tau² = 0.11; Chi² = 135.50, df = 44 (P <0.00001); I² = 68%
Test for overall effect: Z = 8.23 (P <0.00001)

Standard Mean Difference
IV, Random, 95% Cl

-0.52 [-0.64, -0.39]

Test for subgroup differences: Chi² = 0.83, df = 1 (P = 0.36), I² = 0%

Reproduced from [Exercise for osteoarthritis of the knee: A Cochrane systematic review. Marlene Fransen et al.,52
49, 2015] with permission from BMJ Publishing Group Ltd.
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Figure F10-3. Effects of Aquatic Exercise on Pain, Physical Function, and Quality of Life in Knee
Osteoarthritis

Pain
Aquatic
Study or Subgroup Mean
Cochrane 2005
Foley 2003
Fransen 2007

Control

SD Total Mean

Standard Mean Difference

SD Total

Weight IV, Random, 95% CI

8.46 3.74 152 9.35 3.54 158 18.3%
10 2.96 35 8.3%
10 2.96 35

-0.24 [-0.47, -0.02]
0.00 [-0.47,0.47]

27.3 18.7

-0.71 [-1.13,-0.30]

55

40 16.2

41

9.7%

7.8 3.66

20

7.1 1.67

15

4.8%

0.23 [-0.44,0.90]

36

198

108

35

8.1%

-0.58 [-1.05, -0.10]

Lim 2010

79
143
6.14 1.8
3.27 1.67

35
24

7.26 1.92
4.55 1.88

35
20

8.0%
5.5%

-0.60 [-1.07, -0.12]
-0.71 [-1.32,-0.10]

Lund 2008

-60.2 12.47

0.01 [-0.53,0.54]

Patrick2001

1.38 0.74

27 -60.3 12.47
27 6.9%
98 1.46 0.62 117 15.8%

Stener-Victorin 2004
Wang 2006

30 30.37
43.5 18.6

Wang 2011

-72

Hale 2012
Hinman 2007
Kim 2012

Total (95%Cl)

18

10
21
26
539

48.5 29.63
54.9 25.2
-68
18

7
21
26

2.4%
5.5%
6.6%

537 100.0%

-0.12 [-0.39,0.15]
-0.58 [-1.58,0.41]
-0.51 [-1.12,0.11]
-0.22 [-0.76,0.33]
-0.31 [-0.47,-0.15]

Heterogeneity: Tau² =0.02;Chi² = 16.28, df=11 (P= 0.13); I² = 32%
Testfor overall effect:Z=3.80 (P= 0.0001)
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Physical Function
Aquatic
Studyor Subgroup
Arnold 2008
Cochrane 2005
Foley 2003
Fransen 2007
Hale 2012
Hinman 2007

Mean
9.94

Total

25 10.91

SD Total

Std. Mean Difference
IV, Random, 95% Cl

Weight

3.04

26

6.1%

-0.26 [-0.81,0.29]

156

21.6%

-0.23[-0.45,-0.00]

9.63

35

7.9%

-0.35 [-0.83,0.12]

33 12.59
34.8

Mean

149 32.42 13.25

4.3

29.26 14.48

35

37

23.7

55

49.9

19

41

9.7%

-0.69[-1.10,-0.27]

24

8.33

20

24.9

6.48

4.3%

-0.12 [-0.79,0.55]

598

316

36

656

373

15
5.3

-33.8

Lim2010
Lund 2008

Control

SD

-62.7

7.7

24

11.95

27

Patrick2001

0.93
27

0.556.4%101

Stener-Victorin2004
Wang2006
Wang2011

23.5

7.03

10

0.9

0.4

21

-76

16

Total (95%CI)

26

-36.9
-61.1

9.6

8.1%

20

11.43 27

1.13

64%

-0.17[-0.63,0.30]
0.38]
5.3% -0.22[-0.81,
-0.13[-0.67,
0.40]

0.67

121

18.0%

-0.32[-0.59,-0.06]

45 11.48

7

1.2%

-2.25 [-3.54,-0.95]

21

5.2%

-0.22 [-0.82,0.39]

1

0.5

-69

18

26

6.1%

-0.40[-0.95,0.14]

530 100.0%

529

Std. Mean Difference
IV, Random, 95% Cl

0.32 [- 0.47, -0.17]

Heterogeneity: Tau²=001; Chi² =13.74,df=11(P=0.25); I²=20%
Testfor overall effect: Z=4.28(P<0.0001)

Quality of Life
Aquatic
Studyor Subgroup
Cochrane 2005

Mean

SD

Control
Total

Mean

SD Total

Weight

Std. Mean Difference
IV, Random, 95% Cl

Fransen 2007

0.13[0.10,0.35]
-48.02 24.78 159 -51.32 27.17 151 15.3%
-49.4 20.04
35 -38.3 17.8
35 10.4%
-0.58 [-1.06,-0.10]
-45.15 9.36
55 -40.55 11.01
41 11.6%
-0.45[-0.86,
-0.04]

Hale 2012

24.81 10.04

Foley2003

0.2

20

25.36

9.23

15

7.4%

36

0.5

0.2

35

10.5%

Hinman 2007

0.43

Lim2010
Lund2008

-46.8 8.27
-43 12.47

24 -42.65 12.18
27 -43.1 11.95

Patrick2001

0.61

0.07

101

0.6

Stener-Victorin2004
Wang 2011

0.37

0.83

10

3

-73

12

26

-67

20
27

0.08

8.4%
9.4%
121

1.93 7
13

Total (95% Cl)
493
Heterogeneity: Tau²= 0.09;Chi²=25.48, df=9(P=0.002); I²=65%
Testfor overall effect:Z= 2.04(P =0.04)

26
478

14.5%
3.3%

9.1%
100.0%

Std. Mean Difference
IV, Random, 95% Cl

-0.06 [-072,0.61]
-0.35[-0.82,0.12]
-0.40 [-1.00,0.20]
0.01[-0.53,0.54]
0.13 [ -0.13, 0.40]
-1.81 [-3.00,-0.62]
-0.47[-1.02,0.08]
-0.25[-0.49,-0.01]

Source: Bartels et al.,47 Aquatic exercise for the treatment of knee and hip osteoarthritis, Cochrane Database of
Systematic Reviews, John Wiley and Sons. Copyright © 2016 The Cochrane Collaboration. Published by John Wiley
& Sons, Ltd.
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Dose-response: Most studies of the effects of physical activity on pain, physical function and quality of
life are RCTs of one mode, intensity, or duration. Further there is significant heterogeneity for these
factors in the studies included within each meta-analysis. Therefore, very limited information on doseresponse is available and the minimum dose associated with significant response could not be
estimated.

Evidence on Specific Factors
The findings of these six reviews were consistent in that physical activity is associated with reductions in
pain and improvements in physical function and quality of life for both knee and hip OA, irrespective of
the mode (aquatic versus land-based). The relationships with pain relief, physical function, and quality of
life appear to be applicable for aerobic physical activity, for muscle-strengthening activity, and for tai
chi. However, some modest difference in effect sizes was seen across these exposures. The evidence
reviewed did not contain sufficient information to determine if intensity or duration was related to
changes in HRQoL. Evidence was also insufficient to determine if the relationship between physical
activity and pain, physical function and quality of life varied by age, sex, race/ethnicity, socioeconomic
status or body weight.

Osteoarthritis Disease Progression
Concern that high-intensity physical activity and large amounts of weight-bearing activity may have
harmful effects on OA progression prompted the Subcommittee to conduct a targeted review for this
outcome. This review required a separate search for evidence from searches related to pain, physical
function, and HRQoL. The Subcommittee reviewed the literature addressing the association of physical
activity with progression of OA in those with pre-existing disease. For the purposes of this review,
progression of OA was defined as worsening of OA as assessed by structural OA imaging (radiograph or
magnetic resonance imaging, MRI), or as clinical progression to total knee replacement (TKR). The
Subcommittee did not identify any studies examining the effects of physical activity on circulating
biomarkers associated with a worsening disease state.
Existing Systematic Review and Meta-Analyses
The Subcommittee identified one systematic review including 49 studies65 and one meta-analysis62
including three studies. The systematic review65 included exposures of low-impact therapeutic physical
activity combining muscle-strengthening, stretching, and aerobic elements. All of the primary literature
studies in this systematic review dealt with knee OA (no included studies dealt with progression of hip
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OA) and used structural OA imaging progression or progression to TKR as outcomes. This systematic
review examined 48 longitudinal cohort studies composed of 8,614 total participants.
The systematic review65 provided no evidence of harmful effects of activity on progression in its
comparisons of individuals with greater amounts of low-impact physical activity to individuals with the
least amounts of physical activity, when progression was assessed by adverse events of increased pain,
decreased physical function, progression of structural OA on imaging or increased TKR at a group level.
Of the studies in this review, only six (five of which were RCTs) included objective imaging outcomes or
TKR as measures of osteoarthritis progression. Objective measures and need for joint replacement were
considered the standards for assessing effects on OA progression. Although the number of joint
replacements was small across the five RCTs, these trials found no evidence of more TKRs within
physical activity groups (N=8 TKR) compared to groups that did not engage in physical activity (N=10
TKR). Based upon this review, the Subcommittee was not able to comment on the impact of greater
intensity physical activity on OA progression.
The meta-analysis62 assessed self-reported running or jogging (including running-related sports such as
triathlon and orienteering). Timmins et al62 used radiography, other imaging, and questionnaires to
examine diagnosis of knee OA, radiographic markers of knee OA, knee joint surgery for OA, knee pain,
and knee-associated disability as markers of OA progression. This review, containing 10 individual
studies with a total of 6,962 individuals, examined running and development of knee OA, including joint
surgery, as outcomes considered indicative of progression from subclinical to clinical disease.62 Although
this meta-analysis included prevention of primary OA, the data are instructive for understanding the role
of running in the development of OA. In this meta-analysis, three studies examined TKR as an outcome.
The meta-analysis revealed runners had significantly less risk of having TKR than did non-runners (odds
ratio (OR)=0.46; 95% CI: 0.30-0.71; P=0.0004).
Original Research
Although providing highly relevant evidence, the Subcommittee did not believe that one systematic
review dealing with knee OA alone was adequate to assess the entire range of the literature. Therefore,
for the question of the effects of physical activity on OA disease progression, the Subcommittee elected
to perform a primary literature review. Five original research studies examining the relationship
between physical activity and disease progression were identified.66-70 All studies were prospective
cohort studies, published from 2013 to 2016. The analytical sample size ranged from 10068 to 2,07367;
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three were U.S. studies,67, 69, 70 one Tasmanian,66 and one did not report. Three studies used selfreported physical activity on the Physical Activity Scale for the Elderly (PASE)67-69; two had devicemeasured physical activity from accelerometer or pedometer.66, 70 All included studies examined OA
progression (knee structural change, cartilage loss) as the outcome.
These five longitudinal cohort studies with imaging or TKR as outcomes were deemed of adequate
quality to address the question.66-70 Two of these studies had device-based measures of physical activity
and all used MRI to assess OA progression. Outcome measures included radiographic progression with
the Kellgren Lawrence (KL) grading system, MRI with a measure of cartilage damage (T2 relaxation) and,
in one study, subchondral bone marrow lesions. Collectively, these five studies focused on one of three
longitudinal cohort studies: the Osteoarthritis Initiative,67-69 the Multicenter Osteoarthritis Study67, 70 and
a longitudinal cohort study of 405 community dwelling adults from Australia.66 The Osteoarthritis
Initiative assessed physical activity with the Physical Activity Scale for the Elderly survey; the Multicenter
Osteoarthritis and the Australian cohort assessed exposure by device-based step count measures.
Overall, the findings in these studies were mixed:
•

The Osteoarthritis Initiative assessed knee OA in 100 participants using MRI and saw no disease
progression with physical activity, as measured by the Physical Activity Scale for the Elderly.68

•

The Multicenter Osteoarthritis study assessed knee OA in 1,179 participants using radiographic
(X-ray) cartilage loss and saw no disease progression with physical activity, as measured by
accelerometry (steps).70

•

The Osteoarthritis Initiative assessed knee OA in 205 individuals with asymptomatic OA using
MRI to ascertain cartilage quality. The authors examined large and small amounts of physical
activity as measured by high and low Physical Activity Scale for the Elderly scores; they found
that 15 percent of the population in each category were associated with OA progression.69

•

Felson et al67 assessed OA in 3,542 knees of 2,073 Osteoarthritis Initiative and Multicenter
Osteoarthritis participants with asymptomatic OA; they found that those in the greatest physical
activity quartile, as measured by the Physical Activity Scale for the Elderly, showed no OA
progression.

•

Dore et al66 assessed knee OA in 405 Australian individuals using MRI with four structural
measures. Steps per day were measured with pedometer counts. Individuals with fewer than
10,000 steps per day showed no knee OA progression; those with more than 10,000 steps per
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day showed some progression. The effect of physical activity appeared to be modified by
baseline state (Figure F10-4).
Thus, the Subcommittee’s review identified at least two studies demonstrating a U-shaped relationship
between aerobic exercise and OA progression in those with pre-existing OA.66, 69 For land-based exercise,
benefit is seen at step counts up to 10,000 steps per day. Greater ambulation (more steps per day)
appears to be associated with some OA progression.66
Figure F10-4. Interaction of Underlying Joint Pathology by MRI and Ambulatory Physical Activity
Amounts (Step Counts) on Osteoarthritis Progression, as Shown on MRI

Note: Greater meniscal pathology scores, presence of bone mineral lesions and less cartilage volume all indicate
more severe disease. Bone mineral lesions are areas of increased signal adjacent to the subcortical bone at the
medial tibial, medial femoral, lateral tibial, and lateral femoral sites and indicate more severe joint pathology. All
figures show an interaction effect, wherein for those individuals with less baseline meniscal pathology, steps are
not related to pathology score increases. In contrast, in adults with greater baseline pathology scores, a greater
percent of adults with more than 10,000 steps per day show worsening of pathology scores over time (26%)
compare to adults with fewer than 10,000 steps day (10%).
Source: Reproduced from [The association between objectively measured physical activity and knee structural
change using MRI, Dawn A Dore et al.,66 72, 2013] with permission from BMJ Publishing Group Ltd.
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Evidence on Specific Factors
Demographic factors and weight status: The issue of effect modification by sex, age, race/ethnicity, and
socioeconomic status was not examined in the meta-analyses used as sources of evidence. Although a
relationship between BMI and osteoarthritis is generally recognized, no one has investigated through
meta-analyses whether these translate to effect modifications of these factors in the physical activityOA relationship.
Due to exposure heterogeneity, it is not possible estimate an energy expenditure exposure of aerobic
exercise associated with effects. Moderate-level evidence indicates that physical activity up to about
10,000 steps per day does not accelerate knee OA. One study indicated that lifetime running was not
associated with increased risk of primary OA; in fact, a significant reduction in risk occurred in these
cohorts.
Type of physical activity: The relationships with pain relief, physical function, and quality of life appear
to be applicable for aerobic exercise, muscle-strengthening exercise, and tai chi.52 In its review, the
Subcommittee did not discover any studies investigating the relationships among greater amounts of
aquatic exercise and OA progression. It was not possible to determine if effects of physical activity on
progression varied by frequency, duration, intensity, or type of physical activity.
For additional details on this body of evidence, visit: https://health.gov/paguidelines/secondedition/report/supplementary-material.aspx for the Evidence Portfolio.

Comparing 2018 Findings with the 2008 Scientific Report
The 2008 Scientific Report4 included a broad review of physical activity and osteoarthritis, including
review of effects of activity on risk of incident OA as well as effects of physical activity in people with OA.
That report found clear evidence of benefits of physical activity on pain, HRQoL, and physical function in
people with OA.
The findings of this report are generally consistent with those of the 2008 Scientific Report,4 but expand
the information related to these findings. For example, this report comments more extensively on the
types of physical activity that provide benefits, e.g., that aquatic exercise can provide benefits similar in
magnitude to those of land-based exercise, that tai chi provides benefits in people with OA, and that
benefits can persist after cessation of physical activity. This report adds considerably to information on
the effects of physical activity on progression of OA. There appears to be U-shaped relationship between
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amount of ambulatory physical activity and progression in OA, with moderate evidence that step counts
up to the range of 10,000 steps per day do not accelerate progression of OA. However, the
Subcommittee located some evidence suggesting that step counts above the range of 10,000 steps per
day may have adverse effects on progression.66, 69

Public Health Impact
There are approximately 100 different arthritic conditions affecting a total of 54.4 million Americans.
Among these, OA is the most common joint disorder in the United States, affecting an estimated 30.8
million adults (13.4 percent of the civilian adult U.S. population).71 Methodological issues make it highly
likely that the real burden of OA has been underestimated.72 Lower extremity OA is the leading cause of
mobility impairment in older adults in the United States.73 OA affects a broad spectrum of age groups in
the United States, including 2 million Americans younger than age 45 years with knee OA.74 By the year
2040, an estimated 78.4 million (25.9% of the projected total adult population) adults ages 18 years and
older are expected to have medically diagnosed arthritis,75 the majority of whom will have OA. As
expected, based on these prevalence and disability figures, OA is associated with an extremely high
economic burden—by one national estimate equal to $185.5 billion in aggregate annual medical care
expenditures.76
From this review, it is clear that regular exercise at amounts up to those consistent with the 2008
Physical Activity Guidelines23—at least 150 minutes per week of moderate-intensity aerobic exercise and
2 days per week of muscle-strengthening exercise—has substantial beneficial effects on the overall
population of those with pre-existing OA, and will have a substantial public health impact. Physical
activity should be encouraged in the general population of those individuals with pre-existing OA for
pain relief, improved physical function, and improved quality of life without concern of causing
worsening of the condition for exposures of less than 10,000 steps per day. Measurable benefits of
physical activity seem to persist for periods of up to 6 months following cessation of a defined program.

Question 3: In people with the cardiovascular condition of hypertension, what is
the relationship between physical activity and (1) risk of co-morbid conditions, (2)
physical function, (3) health-related quality of life, and (4) cardiovascular disease
progression and mortality?
a) Is there a dose-response relationship? If yes, what is the shape of the relationship?
b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, weight status, or
resting blood pressure level?
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c) Does the relationship vary based on frequency, intensity, time, duration, type (mode), or how
physical activity is measured?
Source of evidence: Systematic reviews, meta-analyses

Conclusion Statements

Co-morbid Conditions
Insufficient evidence is available to determine whether a relationship exists between physical activity
and risk of co-morbid conditions among adults with hypertension. PAGAC Grade: Not assignable.

Physical Function
Insufficient evidence is available to determine whether a relationship exists between physical activity
and physical function among adults with hypertension. PAGAC Grade: Not assignable.

Health-related Quality of Life
Insufficient evidence is available to determine whether a relationship exists between physical activity
and health-related quality of life among adults with hypertension. PAGAC Grade: Not assignable.

Disease Progression
Strong evidence demonstrates that physical activity reduces the risk of progression of cardiovascular
disease among adults with hypertension. PAGAC Grade: Strong.
Strong evidence demonstrates that, among adults with hypertension, physical activity reduces the
disease progression indicator of blood pressure. PAGAC Grade: Strong.
Moderate evidence indicates an inverse dose-response relationship between physical activity and the
disease progression indicator of cardiovascular disease mortality among adults with hypertension.
PAGAC Grade: Moderate.
Insufficient evidence is available to determine whether a dose-response relationship exists between
physical activity and blood pressure among adults with hypertension. PAGAC Grade: Not assignable.
Insufficient evidence is available to determine whether the relationship between physical activity and
the disease progression indicators of blood pressure and cardiovascular disease mortality varies by age,
sex, race/ethnicity, socioeconomic status, or weight status among adults with hypertension. PAGAC
Grade: Not assignable.
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Limited evidence suggests that, among adults with hypertension, the blood pressure response to
physical activity varies by resting blood pressure level, with the greatest blood pressure reductions
occurring among those adults who have the highest resting blood pressure levels. PAGAC Grade:
Limited.
Insufficient evidence is available to determine whether the relationship between physical activity and
the disease progression indicators of blood pressure and cardiovascular disease mortality varies by the
frequency, intensity, time, and duration of physical activity, or how physical activity is measured among
adults with hypertension. PAGAC Grade: Not assignable.
Moderate evidence indicates the relationship between physical activity and the disease progression
indicator of blood pressure does not vary by type of physical activity, with the evidence more robust for
traditional types (modes, i.e., aerobic, dynamic resistance, combined) of physical activity than for other
types (tai chi, yoga, and qigong) among adults with hypertension. PAGAC Grade: Moderate.

Review of the Evidence
Cardiovascular disease is the leading cause of death in the United States and the world, accounting for
approximately 1 in 3 deaths (807,775, or 30.8%) in the United States and 17.3 million (31%)
worldwide.77, 78 Hypertension is the most common, costly, and preventable CVD risk factor. According to
the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure (JNC 7)79 blood pressure classification scheme, hypertension affects 86 million
(34%) adults in the United States and 1.4 billion (31%) adults globally.77, 78 The lifetime risk of acquiring
hypertension is 90 percent.79 Furthermore, hypertension is the most common primary diagnosis in the
United States, and the leading cause for medication prescriptions among adults older than age 50
years.80 By 2030, it is estimated that 41 percent of adults in the United States will have hypertension.
From 2010 to 2030, the total direct costs attributed to hypertension are projected to triple ($130.7 to
$389.9 billion), while the indirect costs due to lost productivity will double ($25.4 to $42.8 billion).77
Curbing this growing and expensive public health crisis is a national and global priority.78, 81
To answer this question, the Subcommittee reviewed one systematic review,82 and 14 meta-analyses.8396

The coverage dates ranged from inception of the database to 2016, the total number of included

studies ranged from 4 to 93, and the total included study sample size consisted of 125,986 adults
ranging from 216 to 96,073 participants. The systematic review examined 6 large longitudinal
prospective cohort studies, and the 14 meta-analyses included RCTs that examined the blood pressure
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response to physical activity among adults with hypertension compared to a control condition among
similar adults who were sedentary at baseline.
All studies in the meta-analyses included adults with hypertension,82-96 six included adults with
prehypertension,82-84, 88, 93, 95 and eight included adults with normal blood pressure.82-85, 93-96 Because the
literature reviewed for this question was based upon the JNC 7 blood pressure classification scheme, the
Subcommittee used the JNC 7 blood pressure classification scheme79 for data extraction purposes. The
JNC 7 defines these blood pressure classifications as follows: Hypertension is defined as having a resting
systolic blood pressure of 140 mmHg or greater and/or a resting diastolic blood pressure 90 mmHg or
greater, or taking antihypertensive medication, regardless of the resting blood pressure level.
Prehypertension is defined as a systolic blood pressure from 120 to 139 mmHg and/or diastolic blood
pressure from 80 to 89 mmHg. Normal blood pressure is defined as having a systolic blood pressure less
than 120 mmHg and diastolic blood pressure less than 80 mmHg. However, it should be noted that
during the preparation of this report, the American College of Cardiology and American Heart
Association Task Force on Clinical Practice Guidelines released the 2017 Guideline for the Prevention,
Detection, Evaluation and Management of High Blood Pressure in Adults.97 The new Guidelines define
hypertension as a resting systolic blood pressure of 130 mmHg or greater and/or a resting diastolic
blood pressure 80 mmHg or greater, or taking antihypertensive medication, regardless of the resting
blood pressure level. Furthermore, the term prehypertension was eliminated and elevated blood
pressure was added indicating a resting systolic blood pressure between 120 to 129 mmHg and a
diastolic blood pressure <80 mmHg. However, the new hypertension guidelines did not alter the
conclusion statements made in this report.

Co-morbid Conditions, Physical Function, and Health-related Quality of Life
Evidence on the Overall Relationship
Hypertension co-morbidities include CVD, obesity, diabetes mellitus, chronic kidney disease, congestive
heart failure, and the metabolic syndrome, among others. However, because of a lack of evidence, the
Subcommittee was unable to draw any conclusions about whether a relationship exists between
physical activity and risk of co-morbid conditions among adults with hypertension, or about whether a
relationship exists between physical activity and physical function.
The available evidence also was insufficient to determine whether a relationship exists between physical
activity and HRQoL among adults with hypertension. Of note, several of the meta-analyses commented
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on the potential favorable nature of this relationship (Xiong et al89 relating to a type of qigong—
Baduanjin). However, few primary level studies in these meta-analyses addressed this relationship.

Disease Progression
The Subcommittee defined CVD progression in two ways. Because blood pressure is considered a proxy
measure of the risk of CVD,88, 98 the Subcommittee regarded the blood pressure response to physical
activity as an indicator of CVD progression, and the outcome of CVD mortality as an indicator of
longstanding hypertension. The evidence on the blood pressure response to physical activity is discussed
below, and the evidence on CVD mortality outcomes follows in the section on dose-response.

Evidence on the Overall Relationship
Strong evidence demonstrates that physical activity reduces blood pressure among adults with
hypertension. All 14 meta-analyses included RCTs that examined the blood pressure response to
physical activity among adults with hypertension compared to a control condition of adults who were
inactive.83-96 Of these, 13 reported a statistically significant reduction in systolic blood pressure and 14
reported a statistically significant reduction in diastolic blood pressure (see Supplementary Table S-F101). The magnitude of the reductions ranged from 5 to 17 mmHg for systolic blood pressure and 2 to 10
mmHg for diastolic blood pressure. Blood pressure reductions of this magnitude may be sufficient to
reduce risk of coronary heart disease 4 to 22 percent and stroke by 6 to 41 percent among adults with
hypertension.79, 99, 100 Furthermore, the magnitude of these blood pressure reductions to physical activity
may be sufficient to reduce the resting blood pressure of some of the samples with hypertension into
prehypertensive to normotensive ranges.
When studies disclosed the information, the frequency of physical activity ranged from 1 to 7 days per
week, with 3 days per week most common; the intensity ranged from low to vigorous, with low to
moderate most common; the time ranged from 12 to 100 minutes per session, with 30 minutes to 45
minutes per session most common; and the study duration ranged from 4 weeks to 24 years, with 4
weeks to 16 weeks most common. Due to the imprecise disclosure of the frequency, intensity, and time
of the physical activity interventions, the dose-response of the blood pressure response to physical
activity could not be determined.
Dose-Response: Moderate evidence indicates an inverse dose-response relationship between physical
activity and CVD mortality among adults with hypertension. One systematic review addressed the
impact of self-reported general and leisure-time physical activity on CVD mortality among adults with
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hypertension who were followed from 5 to 24 years.82 This systematic review included six large
prospective cohort studies101-106 of approximately equal numbers of mostly white men and women who
had hypertension, prehypertension, and normal blood pressure. Only the findings relating to CVD
mortality among the samples with hypertension are discussed here.
Hu et al104 investigated the associations among occupational, daily commuting, and leisure-time physical
activity and cardiovascular mortality among 26,643 Finnish men and women with overweight and
hypertension, ages 25 to 64 years, who were followed for 20 years. The covariate-adjusted hazard ratios
of CVD mortality associated with low (almost completely inactive), moderate (some physical activity
more than 4 hours per week, about 12 MET-hours per week or more), and high (vigorous physical
activity more than 3 hours per week, about 18 MET-hours per week or more) leisure-time physical
activity were 1.00, 0.84 (95% CI: 0.77-0.92), and 0.73 (95% CI: 0.62-0.86) among men, respectively; and
1.00, 0.78 (95% CI: 0.70-0.87), and 0.76 (95% CI: 0.60-0.97) among women, respectively (Figure F10-5).
The covariate-adjusted hazard ratios of CVD mortality associated with low (very easy physical activity),
moderate (standing and walking at work), and high (walking, lifting, or heavy manual labor at work)
occupational physical activity were 1.00, 0.84 (95% CI: 0.85-1.05), and 0.86 (95% CI: 0.78-0.96) among
men and 1.00, 0.85 (95% CI: 0.74-0.98), and 0.84 (95% CI: 0.73-0.96) among women (see Supplementary
Table S-F10-1). Among women only, the hazard ratios for active daily commuting to and from work
associated with reduced CVD mortality were 1.00 for motorized transport or no work, 0.83 (95% CI:
0.72-0.96) for walking or bicycling 1 to 29 minutes per day, and 0.86 (95% CI: 0.74-0.99) for 30 or more
minutes per day.
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Figure F10-5. The Inverse Relationship Between Cardiovascular Mortality and Leisure-time Physical
Activity by MET-hours per Week Among Adults with Hypertension

Source: Adapted from data found in Hu et al., 2007.104

In summary, leisure-time moderate physical activity equating to about 12 MET-hours per week or more
reduced CVD mortality by 16 percent among men and 22 percent among women, while higher amounts
of leisure-time vigorous physical activity equating to about 18 MET-hours per week or more reduced
CVD mortality by 27 percent among men and 24 percent among women, indicating an inverse doseresponse relationship between physical activity and cardiovascular mortality among adults with
hypertension. However, no dose-response relationship was found between occupational and
commuting physical activity and cardiovascular mortality.
Collectively, the prospective cohort studies in the systematic review of Rossi et al82 indicated that
greater amounts of physical activity reduced CVD mortality by 16 percent (RR=0.84; 95% CI: 0.73-0.97)
to 67 percent (RR=0.33; 95%CI: 0.11-0.94) compared to lower amounts of physical activity or being
sedentary. In addition, the greatest amounts of physical activity reduced CVD mortality by 20 percent
(HR=0.80; 95% CI: 0.66-0.96) to 67 percent (RR=0.33; 95%CI: 0.11-0.94) compared to lower amounts of
physical activity or being sedentary; and low to moderate amounts of physical activity reduced CVD
mortality by 16 percent (HR=0.84; 95% CI: 0.73-0.97) to 22 percent (HR=0.78; 95% CI: 0.70-0.87)
compared to being physically inactive or sedentary. The protective benefits of physical activity against
CVD mortality were similar for men and women. Nonetheless, it was difficult for the Subcommittee to
summarize the magnitude and precision of the protective effect based upon the studies of Engstrom et
al,101 Fan et al,102 and Fossum et al.103 In these studies there was considerable variation in the definition
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of hypertension and measurement of blood pressure, and the self-reported measurements of physical
activity did not quantify the frequency, duration, and intensity of physical activity.
Vatten et al106 found that among men with a resting systolic blood pressure between 140 to 159 mmHg,
those who were highly physically active (RR=1.21; 95% CI: 0.97-1.52) reduced their risk of CVD mortality
by 30 percent compared to those who were physically inactive (RR=1.73; 95% CI: 1.37-2.19). Among
men with a resting systolic blood pressure >160 mmHg, those who were highly physically active
(RR=1.82; 95% CI: 1.46-2.28) reduced their risk of CVD mortality by 19 percent compared to those who
were physically inactive (RR=2.24; 95% CI: 1.78-2.83). In addition, among women with a resting systolic
blood pressure between 140 to 159 mmHg, those who were highly physically active (RR=1.47; 95% CI:
1.04-2.09) reduced their risk of CVD mortality by 24 percent compared to those who were physically
inactive (RR=1.93; 95% CI: 1.39-2.69). Among women with a resting systolic blood pressure >160 mmHg,
those who were highly physically active (RR=1.77; 95% CI: 1.26-2.54) reduced their risk of CVD mortality
by 27 percent compared to those who were physically inactive (RR=2.41; 95% CI: 1.76-3.30). Therefore,
as systolic blood pressure increases within hypertensive ranges, the risk of CVD mortality increases.
However, the increased risk is attenuated with higher levels of physical activity.

Evidence on Specific Factors
Demographic characteristics and weight status: The available evidence is insufficient to determine
whether the relationship between physical activity and the disease progression indicators of blood
pressure and CVD mortality varies by age, sex, race/ethnicity, socioeconomic status, or weight status
among adults with hypertension. In the few instances where these factors were examined, the findings
were too disparate to synthesize because they were often not reported separately for adults with
hypertension but were reported for the overall sample that included adults with hypertension,
prehypertension, and normal blood pressure. Two meta-analyses found age not to be a significant
moderator of the blood pressure response to physical activity among samples with mixed blood
pressure levels.83, 84 One meta-analysis reported that men exhibited blood pressure reductions twice as
large as women following aerobic exercise training among a sample with mixed blood pressure levels.84
Race/ethnicity was poorly reported, and when reported in seven of the meta-analyses,87-92, 95 the
samples were largely White or Asian. One meta-analysis reported that nonwhite samples with
hypertension experienced greater blood pressure reductions than did White samples with
hypertension.95 MacDonald et al95 found reductions of systolic/diastolic blood pressure of -14.3/-10.3
mmHg after moderate-intensity dynamic resistance training among nonwhite samples with
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hypertension versus reductions of -9.2/-9.5 mmHg among White samples with hypertension,
respectively. No meta-analyses disclosed the socioeconomic status of their samples. Five meta-analyses
reported the weight status of their samples, which ranged from normal weight to obese.83, 87, 88, 93, 95
Cornelissen and Smart84 found the systolic blood pressure reductions resulting from aerobic training
tended to be larger with greater (β1=0.49, P=0.08) than less (β1=0.45, P=0.06) weight loss among 5,223
adults with mixed blood pressure levels.
Resting blood pressure level: Limited evidence suggests the disease progression indicator of the blood
pressure response to physical activity varies by resting blood pressure level among adults with
hypertension (Figure F10-6). Of the six meta-analyses examining blood pressure classification as a
moderator of the blood pressure response to physical activity,83-85, 93, 95, 96 four84, 85, 93, 95 found that the
greatest blood pressure reductions occurred among samples with hypertension (5 to 8 mmHg, 4 to 6
percent of resting blood pressure level) followed by samples with prehypertension (2 to 4 mmHg, 2 to 4
percent of resting blood pressure level), and normal blood pressure (1 to 2 mmHg, 1 t to 2 percent of
resting blood pressure level) (Supplementary Table S-F10-2). Consistent with the law of initial values,107,
108

adults with hypertension experience blood pressure reductions from exercise training that are about

2 times greater than the blood pressure reductions among adults with prehypertension and about 4 to 5
times greater than the blood pressure reductions among adults with normal blood pressure (see
Supplementary Table S-F10-2). Blood pressure reductions of this magnitude may be sufficient to reduce
the resting blood pressure of some of the samples with hypertension into prehypertensive ranges. They
may also be sufficient to reduce the risk of coronary heart disease 4 to 22 percent and stroke by 6 to 41
percent among adults with hypertension.79, 99, 100
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Figure F10-6. Blood Pressure Response to 16 Weeks of Aerobic Physical Activity, by Resting Blood
Pressure Level

Source: Adapted from data found in Cornelissen and Smart, 2013.84

Frequency: The frequency of the physical activity interventions was reported by 10 meta-analyses,83-86,
88-90, 92, 93, 95

and ranged from 1 to 7 days per week. However, no conclusions can be made about the

influence of frequency on the blood pressure response to physical activity because the findings were too
scarce and too disparate to synthesize.
Intensity: The intensity of the physical activity interventions was quantified in nine of the metaanalyses,83-85, 88, 92-96 and ranged from low to vigorous-intensity. However, no conclusions can be made
regarding the influence of intensity on the blood pressure response to physical activity as the magnitude
and precision of the effect could not be determined from findings that were too scarce to synthesize.
Time: The time of the exercise session was reported in nine of the meta-analyses,84-86, 88-90, 92, 93, 96 and
ranged from 12 minutes to 100 minutes. However, no conclusions can be made regarding the influence
of time on the blood pressure response to physical activity as the magnitude and precision of the effect
could not be determined from a lack of findings on the time of the exercise session.
Duration: All chronic (i.e., training) meta-analyses reported the duration of the physical activity
intervention, and they ranged from 1 to 60 months.83-93, 95, 96 However, no conclusions can be made
regarding the influence of duration on the blood pressure response to physical activity as the magnitude
and precision of the effect could not be determined from findings that were too scarce to synthesize.
Type (Mode): Moderate evidence indicates the relationship between physical activity and the disease
progression indicator of blood pressure does not vary by type of physical activity, with the evidence
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more robust for traditional types (i.e., aerobic, dynamic resistance, combined) of physical activity than
for other types (i.e., tai chi, yoga, qigong) among adults with hypertension.
Traditional type (mode): Five meta-analyses examined the blood pressure response to aerobic exercise
training,84-88 three meta-analyses examined the blood pressure response to resistance exercise training
(one acute94 and two chronic83, 95), one meta-analysis examined the blood pressure response to
combined aerobic and resistance exercise training,93 and one meta-analysis examined the blood
pressure response to isometric resistance training.96 Cornelissen and Smart84 examined aerobic exercise
training performed, on average, at moderate- to-vigorous intensity for 40 minutes per session 3 days per
week for 16 weeks and reported systolic/diastolic blood pressure reductions of: -8.3 (95% CI: -10.7 to 6.0)/-5.2 (95% CI: -6.9 to -3.4), -4.3 ( 95% CI: -7.7 to -0.9)/-1.7 (95% CI: -2.7 to -0.7), and -0.8 (95% CI: -2.2
to +0.7)/-1.1 (95% CI: -2.2 to -0.1) mmHg among adults with hypertension, prehypertension, and normal
blood pressure, respectively (see Supplementary Table S-F10-1). MacDonald et al95 examined dynamic
resistance training performed, on average, at moderate intensity for 32 minutes per session 3 days per
week for 14 weeks and reported systolic/diastolic blood pressure changes of -5.7 (95% CI: -9.0 to -2.7)/5.2 (95% CI: -8.4 to -1.9), -3.0 (95% CI: -5.1 to -1.0)/-3.3 (95% CI: -5.3 to -1.4), and 0.0 (95% CI: -2.5 to
2.5)/-0.9 (95% CI: -2.1 to 2.2) mmHg among adults with hypertension, prehypertension, and normal
blood pressure, respectively. Corso et al93 examined combined aerobic and dynamic resistance exercise
training performed, on average, at moderate intensity for 58 minutes per session 3 days per week for 20
weeks and reported systolic/diastolic blood pressure changes of -5.3 (95% CI: -6.4 to -4.2)/-5.6 (95% CI: 6.9 to -3.8), -2.9 (95% CI: -3.9 to -1.9)/-3.6 (95% CI: -5.0 to -0.2), and +0.9 (95% CI: 0.2 to 1.6)/-1.5 (95%
CI: -2.5 to -0.4) mmHg among adults with hypertension, prehypertension, and normal blood pressure,
respectively.
Carlson et al96 investigated the blood pressure response among adults with hypertension (N=61) and
normal blood pressure (N=162) to 4 or more weeks of isometric resistance training at 30 to 50 percent
maximal voluntary contraction, with four contractions held for 2 minutes with 1 to 3 minutes of rest
between contractions. Among the adults with hypertension, all of whom were on medication, training
resulted in reductions of systolic, diastolic, and mean arterial blood pressure of -4.3 (95% CI: -6.6 to 2.2)/-5.5 (95% CI: -7.9 to -3.3)/-6.1 (95% CI: -8.0 to -4.0) mmHg, respectively. Among adults with normal
blood pressure, training resulted in reductions of systolic, diastolic, and mean arterial blood pressure of 7.8 (95% CI: -9.2 to -6.4)/-3.1 (95% CI: -3.9 to -2.3)/-3.6 (95% CI: -4.4 to -2.7) mmHg, respectively. Carlson
et al96 were unable to explain the larger reductions in systolic blood pressure among the adults with
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normal blood pressure compared to adults with hypertension, and the reverse pattern of blood pressure
response for diastolic blood pressure and mean arterial pressure. The sample size of adults with
hypertension (N=61), all of whom were on medication, in the meta-analysis by Carlson et al96
investigating isometric resistance training was much smaller than the sample size of the adults with
hypertension in the meta-analyses investigating aerobic,84 dynamic resistance,95 and combined aerobic
and dynamic resistance93 exercise training. For these reason, any conclusions made about the
antihypertensive benefits of isometric resistance training should be made with caution.
Collectively, these findings indicate the systolic/diastolic blood pressure reductions following physical
activity among adults with hypertension are -8.3/-5.2 mmHg for aerobic, -5.7/-5.2 mmHg for dynamic
resistance, and -5.3/-5.6 mmHg for combined aerobic and dynamic resistance exercise training. These
blood pressure reductions are about 2 times greater among adults with hypertension than among adults
with prehypertension and about 4 to 5 times greater among adults with hypertension than among
adults with normal blood pressure, independent of type of exercise. These blood pressure benefits
occurred at about 6 MET-hours per week or more of moderate-to-vigorous physical activity.
Tai chi, yoga, qigong: Evidence of lower quality suggests that the relationship between physical activity
and the disease progression indicator of blood pressure does not vary by for other types of physical
activity (i.e., tai chi, yoga, qigong). Four meta-analyses examined these types of physical activity. Xiong
et al89 investigated the blood pressure response to Baduanjin (a type of qigong), an ancient Chinese
mind-body exercise characterized by simple, slow, and relaxing movements, among 572 Asian adults
with hypertension, and reported systolic/diastolic blood pressure reductions of -13.0 (95% CI: -21.2 to 4.8)/-6.1 (95% CI: -11.2 to -1.1) mmHg following 3 to 12 months of Baduanjin, respectively. These
investigators also found in four trials that Baduanjin plus antihypertensive medications was superior to
antihypertensive medications alone in lowering systolic/diastolic blood pressure by a magnitude of -7.5
(95% CI: -11.4 to -3.6)/-3.6 (95% CI: -5.2 to -1.8) mmHg, respectively. The authors acknowledged that the
primary levels studies in their meta-analyses were of poor quality.
Xiong et al90 investigated the blood pressure response to qigong, an ancient Chinese healing art that
consists of breathing patterns, rhythmic movements, and meditation, among 2,349 Asian adults with
hypertension, and reported systolic/diastolic blood pressure reductions of -17.4 (95% CI: -21.1 to 13.7)/-10.6 (95% CI: -14.0 to -6.3) mmHg, respectively, following 8 weeks to 1 year of qigong. These
investigators also found in two trials that exercise was superior to qigong in lowering systolic blood
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pressure by a magnitude of -6.5 (95% CI: -2.8 to -10.2) mmHg, in four trials that qigong was superior to
antihypertensive medications in lowering diastolic blood pressure by a magnitude of -6.1 (95% CI: -9.6 to
-2.6) mmHg, and in five trials that qigong plus antihypertensive medications was superior to
antihypertensive medications alone in lowering systolic/diastolic blood pressure by a magnitude of -12.0
(95% CI: -15.6 to -8.5)/-5.3 (95% CI: -8.1 to -2.4) mmHg, respectively. The authors acknowledged that the
primary levels studies in their meta-analyses were of poor quality.
Wang et al91 investigated the blood pressure response to tai chi, an ancient Chinese exercise that
combines deep diaphragmatic breathing with continuous body movements to achieve a harmonious
balance between body and mind, among 1,371 mostly Asian adults with hypertension. They reported
systolic/diastolic blood pressure reductions of -12.4 (95% CI: -12.6 to -12.2)/-6.0 (95% CI: -6.2 to -5.9)
mmHg, respectively, following 2 to 60 months of all forms and types of tai chi. These investigators also
found in 14 trials that tai chi was superior to routine care in lowering systolic/diastolic blood pressure by
a magnitude of -12.4 (95% CI: -12.6 to -12.2)/-6.0 (95% CI: -6.2 to -5.9) mmHg, respectively, and in 3
trials that tai chi plus antihypertensive medications was superior to antihypertensive medications alone
in lowering systolic/diastolic blood pressure by a magnitude of -9.3 (95% CI: -10.9 to -7.8)/-7.2 (95% CI: 7.7 to -6.6) mmHg, respectively. The authors acknowledged that the primary levels studies in their metaanalyses were of poor quality.
Park and Han92 investigated the blood pressure response to yoga, which incorporates meditation with
physical movement, among 394 adults with hypertension. They reported systolic/diastolic blood
pressure reductions of -11.4 (95% CI: -14.6 to -8.2)/-2.4 (95% CI: -4.3 to -0.4) mmHg, respectively, among
older adults ages 60 years and older following 6 to 12 weeks of yoga. In contrast to the other metaanalyses addressing effects of tai chi, yoga, and/or qigong, the primary level studies in this meta-analysis
were described by Park and Han92 to be of high methodological study quality.
Collectively, the four meta-analyses addressing effects of tai chi, yoga, and/or qigong found blood
pressure reductions in systolic blood pressure that ranged from -12 to -17 mmHg and diastolic blood
pressure reductions of -2 to -11 mmHg. Except for traditional types of exercise90 that were superior to
qigong in lowering blood pressure, these types of physical activity (tai chi, yoga, and or qigong) proved
to be superior to routine care and when combined with antihypertensive medication than compared to
antihypertensive medication alone. However, these apparent positive findings of the antihypertensive
effects of these types of physical activity types must be interpreted with caution due to the low study
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methodological quality of this literature, lack of disclosure of important study design considerations,
considerable heterogeneity in this literature, inability to generalize findings to other racial/ethnic
groups, and lack of long-term follow-up.
How physical activity was measured: All meta-analyses that examined the blood pressure response to
physical activity included interventions that were structured by the frequency, intensity, time, duration,
and type (mode) of physical activity, but the details of these features of the physical activity
interventions were not well disclosed. None of these meta-analyses reported any physical activity
measure outside of the structured physical activity intervention. No conclusions can be made regarding
how physical activity was measured, as the magnitude and precision of the effect could not be
determined from findings that were too scarce to synthesize.
For additional details on this body of evidence, visit: Supplementary Tables S-F10-1, S-F10-2, and
https://health.gov/paguidelines/second-edition/report/supplementary-material.aspx for the
Evidence Portfolio.

Comparing 2018 Findings with the 2008 Scientific Report
The 2008 Scientific Report4 concluded that both aerobic and dynamic resistance exercise training of
moderate-to-vigorous intensity produced small but clinically important reductions in systolic and
diastolic blood pressure in adults, with the evidence more convincing for aerobic than dynamic
resistance exercise. The 2018 Scientific Report extends findings from the 2008 Scientific Report4 among
adults with hypertension in four ways. First, the 2018 Scientific Report provides strong evidence that
physical activity reduces the risk of progression of cardiovascular disease, as is evident from its
moderate to large reductions in blood pressure. Second, the 2018 Scientific Report provides moderate
evidence that an inverse, dose-response relationship exists between physical activity and the risk of
cardiovascular disease mortality among adults with hypertension. Third, the 2018 Scientific Report
suggests that greater blood pressure reductions occur among adults with hypertension who have the
highest resting blood pressure levels. Fourth, reflecting on the accumulating evidence over the past
decade, the 2018 Scientific Report indicates that, in the range of physical activity volume effective in
lowering blood pressure, aerobic and dynamic resistance exercise may be equally effective in reducing
blood pressure at volumes in the lower part of this range.
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Public Health Impact
Hypertension is the most common, costly, and preventable CVD risk factor. According to the JNC 7 blood
definition of hypertension, by 2030 it is estimated that 41 percent of adults in the United States will
have hypertension. The lifetime risk of acquiring hypertension is 90 percent. Curbing this growing and
expensive public health crisis with the adoption and maintenance of lifestyle interventions, such as
habitual physical activity, is a national and global priority.78, 81 Accordingly, professional organizations
throughout the world recommend habitual physical activity for the prevention, treatment, and control
of hypertension and the associated reduction in risk of CVD progression (Supplementary Table S-F101).79, 108-116 Due to the clinically important role of physical activity in preventing, treating, and controlling
hypertension as well as its CVD protective effects, adults with hypertension are encouraged to engage in
90 minutes per week or more of moderate intensity or 45 minutes per week or more of vigorous
intensity aerobic and/or dynamic resistance physical activity, or some combination of these. Greater
amounts of physical activity confer greater cardiovascular health benefit so that even greater amounts
of physical activity should be encouraged. Adults with hypertension may supplement their physical
activity programs with tai chi, yoga, or qigong until sufficient evidence exists to make a more precise
conclusion.

Question 4. In people with type 2 diabetes, what is the relationship between
physical activity and (1) risk of co-morbid conditions, (2) physical function, (3)
health-related quality of life, and (4) disease progression?
a) Is there a dose-response relationship? If yes, what is the shape of the relationship?
b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?
c) Does the relationship vary based on: frequency, duration, intensity, type (mode), or how
physical activity is measured?
Sources of evidence: Systematic reviews, meta-analyses, pooled analyses

Conclusion Statements

Risk of Co-morbid Conditions
Strong evidence demonstrates an inverse association between volume of physical activity and risk of
cardiovascular mortality among adults with type 2 diabetes. PAGAC Grade: Strong.
Moderate evidence indicates an inverse, curvilinear dose-response relationship between physical
activity and cardiovascular mortality among adults with type 2 diabetes. PAGAC Grade: Moderate.
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Insufficient evidence was available to determine whether the relationship between physical activity and
cardiovascular mortality among adults with type 2 diabetes varies with age, sex, race/ethnicity,
socioeconomic status, or weight status. PAGAC Grade: Not assignable.
Insufficient evidence was available to determine whether the relationship between physical activity and
cardiovascular mortality among adults with type 2 diabetes varies with frequency, duration, intensity, or
type (mode) of physical activity or how physical activity is measured among people with type 2 diabetes
mellitus. PAGAC Grade: Not assignable.

Physical Function
Insufficient evidence was available to determine the relationship between physical activity and physical
function in adults with type 2 diabetes. PAGAC Grade: Not assignable.

Health-related Quality of Life
Insufficient evidence was available to determine the relationship between physical activity and healthrelated quality of life in adults with type 2 diabetes. PAGAC Grade: Not assignable.

Disease Progression: Indicators of Neuropathy, Nephropathy, Retinopathy, and Foot
Disorders.
Insufficient evidence was available to determine the relationship between physical activity and
indicators of progression of neuropathy, nephropathy, retinopathy, and foot disorders. PAGAC Grade:
Not assignable.

Disease Progression: Indicators of HbA1C, Blood Pressure, Body Mass Index, and Lipids
Strong evidence demonstrates an inverse association between aerobic activity, muscle-strengthening
activity, and aerobic plus muscle-strengthening activity with risk of progression among adults with type
2 diabetes, as assessed by overall effects of physical activity on four indicators of risk of progression:
glycated hemoglobin A1C, blood pressure, body mass index, and lipids. PAGAC Grade: Strong.
Insufficient evidence was available to determine the relationship between tai chi, qigong, and yoga
exercise on four indicators of risk of progression: hemoglobin A1C, blood pressure, body mass index, and
lipids. PAGAC Grade: Not assignable.
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Moderate evidence indicates an inverse dose-response relationship between volume of aerobic activity
and two indicators of risk of progression—blood pressure and hemoglobin A1C —among adults with
type 2 diabetes. PAGAC Grade: Moderate.
Limited evidence indicates an inverse dose-response relationship between volume of resistance training
and one indicator of risk of progression— hemoglobin A1C —among adults with type 2 diabetes. PAGAC
Grade: Limited.
Limited evidence indicates that longer periods of consistent physical activity have a larger effect on
three indicators of risk of progression— hemoglobin A1C, body mass index, and lipids—than do shorter
periods among adults with type 2 diabetes. PAGAC Grade: Limited.
Moderate evidence indicates that the effects of physical activity on the disease progression indicator of
blood pressure are larger in hypertensive individuals with type 2 diabetes than in those without
hypertension. Similarly, moderate evidence indicates that the effects of physical activity on the disease
progression indicator of hemoglobin A1C are larger in individuals with type 2 diabetes who have higher
levels of hemoglobin A1C than in those with lower hemoglobin A1C. PAGAC Grade: Moderate.
Insufficient evidence was available to determine whether the effects of physical activity on indicators of
risk of progression in adults of type 2 diabetes vary by age, sex, race/ethnicity, socioeconomic status, or
weight status. PAGAC Grade: Not assignable.
Limited evidence suggests, when adults with type 2 diabetes engage in equal amounts of moderateintensity and vigorous-intensity aerobic activity, vigorous-intensity activity is more efficient than
moderate-intensity activity in improving one indicator of risk of progression— hemoglobin A1C. PAGAC
Grade: Limited.
Insufficient evidence was available to determine the effects of frequency, bout duration, and method of
measuring physical activity on indicators of risk of progression in adults with type 2 diabetes. PAGAC
Grade: Not assignable.

Review of the Evidence
Type 2 diabetes is characterized by relative insulin deficiency, usually combined with an insufficient
cellular response to insulin (insulin resistance), resulting in elevated blood glucose. The extent that
blood glucose is persistently elevated is commonly assessed by measuring glycated hemoglobin,
2018 Physical Activity Guidelines Advisory Committee Scientific Report

F10-55

Part F. Chapter 10. Individuals with Chronic Conditions
abbreviated as HbA1C. In 2015, an estimated 30.3 million people of all ages in the U.S. population had
diabetes, with type 2 diabetes representing 90 to 95 percent of all cases of diabetes and type 1 diabetes
representing the other cases.117 The number of adults diagnosed with diabetes (either type 1 or type 2)
has more than tripled in the past 20 years.118 The estimated prevalence of diabetes is age-related, with
prevalence in 2015 of 17.0 percent and 25.2 percent in adults ages 45 to 64 years and ages 65 years and
older, respectively.117
Type 2 diabetes is a major cause of morbidity and mortality. For example, it is the leading cause of
kidney failure, lower limb amputations, and adult-onset blindness.118 For purposes of this evidence
review, the Subcommittee classified morbidity and mortality into two types: (1) morbidity and mortality
due to co-morbid conditions and (2) morbidity and mortality related to the progression (or worsening)
of type 2 diabetes.
Co-morbid conditions: People with type 2 diabetes are at higher risk of co-morbid conditions, with CVD
(hypertension, stroke, coronary heart disease, heart failure) as the most common cause of death among
people with type 2 diabetes. Because people with type 2 diabetes have a higher prevalence of obesity,
they are at increased risk of obesity-related conditions, such as osteoarthritis.119
Progression: Progression of type 2 diabetes can lead to complications and organ damage, with four wellknown conditions regarded as indicators of progression: (1) retinopathy; (2) peripheral neuropathy; (3)
nephropathy; and (4) diabetes-related foot infections and foot ulcers. In addition, four conditions were
regarded as indicators of risk of progression: HbA1C, blood pressure, BMI, and lipids. For example,
hypertension is a strong risk factor for development and progression of diabetic kidney disease.120 The
Subcommittee recognizes that hypertension, lipid disorders such as hypercholesterolemia and obesity
can be classified in more than one way, including as co-morbid conditions. However, for the purposes of
this evidence review, the Subcommittee focused on these conditions as indicators of risk of progression.
Regular physical activity is recommended for people with type 2 diabetes.121 Thus, the Subcommittee
asked, to what extent does regular physical activity have important preventive effects in people with
type 2 diabetes, including reducing risk of co-morbid conditions and reducing risk of disease
progression?
To address this question, the Subcommittee considered evidence contained in 40 reviews, which
comprised systematic reviews, meta-analyses, and pooled analyses. Individual studies of type 2 diabetes
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in children were unusual, so evidence was only sufficient for conclusions in adults. The main focus of the
evidence review for three outcomes (physical function, quality of life, and progression) was on evidence
provided by meta-analyses of RCTs in adults with type 2 diabetes that compared (only) physical activity
or exercise interventions to a no-exercise control group. Such meta-analyses could be included as a
source of evidence if the percent of studies with a co-intervention (e.g., a diet intervention) was so small
it would not affect the conclusions of the meta-analysis, and the authors deemed their results applied to
physical activity-only interventions. However, some additional evidence was provided by meta-analyses
comparing effects of different types of physical activity, by systematic reviews, and by pooled analyses.
The main focus of the evidence review for the co-morbidity outcome was a review of cohort studies.
Large cohort studies in adults with CVD endpoints were included even though adults with type 1
diabetes were included as well as adults with type 2 diabetes. The rationale was: (1) large cohort studies
may measure diabetes by self-report where it is likely difficult to reliably ascertain type of diabetes, (2)
type 2 diabetes typically represents about 95 percent of cases of diabetes in the population and
inclusion of adults with type 1 diabetes in the cohort would not appreciably affect the strength of
association between type 2 diabetes with CVD endpoints; and (3) the results of one analysis limited to
people with type 2 diabetes could be compared to other results.

Risk of Co-morbid Conditions
Evidence on the Overall Relationship
CVD mortality was the only condition for which the Subcommittee located sufficient evidence. The
Subcommittee recognized that mortality is not a co-morbidity per se, but included this outcome in its
review of co-morbid conditions due to importance and because CVD mortality is related to the
prevalence of CVD co-morbidity.
The sources of evidence were two meta-analyses and one pooled analysis. One meta-analysis of CVD
mortality included eight cohort studies with a total sample size of nearly 20,000.122 A second metaanalysis analyzed CVD risk as an outcome, with CVD risk representing a composite outcome of CVD
mortality and CVD events (e.g., stroke).123 This meta-analysis comprised 11 studies, with a total sample
size also of about 20,000. Overall, the meta-analyses included 14 individual studies, with five studies
included in both meta-analyses. One pooled analyses had a sample size of more than 3,000 adults.124
The pooled analysis used a single questionnaire assessing leisure-time moderate-to-vigorous physical
activity.
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These reviews provided strong evidence that regular physical activity reduced risk of CVD mortality in
adults with type 2 diabetes. One meta-analysis found a significant and strong inverse relationship
between physical activity and CVD mortality, with similar results in comparisons of highest amounts
versus lowest amounts of physical activity categories for: total physical activity (HR=0.61; 95% CI: 0.470.80); leisure-time physical activity (HR=0.63; 95% CI: 0.48-0.83), and walking (HR=0.58; 95% CI: 0.420.79).122 The other meta-analysis found a significant and strong inverse relationship between high versus
low amounts of physical activity with the combined outcome of CVD events or CVD mortality (RR=0.71;
95% CI: 0.60-0.84).123 When the analysis was limited to six studies known to enroll only adults with type
2 diabetes, the effect was slightly stronger (RR=0.64; 95% CI: 0.56-0.71). The pooled analysis also
reported a significant effect of physical activity on CVD mortality in a comparison of highest versus
lowest physical activity categories (HR=0.60; 95% CI: 0.44-0.82).124 In other words, these reviews found
that regular physical activity resulted in a 30 to 40 percent reduction in risk of CVD mortality.
Dose-response: The pooled analysis reported a substantially reduced risk of CVD mortality in a doseresponse manner (Figure F10-7).124 Compared to no activity, engaging in some activity was associated
with a 32 percent reduction in risk of CVD mortality (adjusted HR=0.68; 95% CI: 0.51-0.92), while
engaging in higher amounts of activity (meeting physical activity guidelines) was associated with a larger
40 percent reduction in risk of CVD mortality (adjusted HR=0.60; 95% CI: 0.44-0.82) (Ptrend <.001).124 The
shape of the dose-response curve was similar to that in adults without type 2 diabetes. The Kodama et
al123 review also reported a significant (P<.001) inverse dose-response relationship. The findings of these
two reviews were judged to provide moderate evidence of dose-response.
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Figure F10-7. Dose-Response Relationship Between Physical Activity and Cardiovascular Disease
Mortality in Individuals with Type 2 Diabetes

Source: Adapted from data found in Sadarangani et al., 2014.124

Evidence on Specific Factors
These three reviews122-124 did not address how effects of physical activity may vary based upon
individual characteristics (e.g., age, sex) or by characteristics of the physical activity (e.g., intensity,
type).

Physical Function
The Subcommittee’s search located only one systematic review of the effects of physical activity on
physical function in type 2 diabetes.125 This review included studies of multicomponent fall prevention
programs in people with type 2 diabetes and peripheral neuropathy.

Evidence on the Overall Relationship
The review included insufficient evidence to assess the effect of physical activity on physical function.
Only 4 of the 10 included studies had a no-exercise control group, and the author’s quality rating for two
of these four trials was low (3/10 and 4/10).125 The remaining two RCTs enrolled 182 participants for 10
to 12 weeks of exercise. One RCT reported a significant effect of exercise on four out of four measures
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of physical function, while the other reported a significant effect of exercise on one out of six measures
of physical function. Notably, the authors of the review characterized the evidence as preliminary.

Health-related Quality of Life
The search located six systematic reviews of the effects of physical activity on HRQoL in adults with type
2 diabetes. The sources of evidence were:
•

Two large systematic reviews of controlled trials of various exercise types, including walking,
muscle-strengthening activities, video games, tai chi, and yoga.126, 127 One review included 20
RCTs which enrolled a total of 1,719 participants127 and the other review included 30 clinical
trials (not limited to RCTs) that enrolled a total of 2,785 participants.126 The two reviews
included a total of 37 studies, with 13 studies covered in both reviews. HRQoL was most
commonly assessed using the 36-item Short Form Health Survey (SF-36).

•

Two reviews of tai chi exercise. As one review128 was an update of a previous review,129 only the
most recent review was used as a source of evidence. The more recent review included three
RCTs, which enrolled a total of 157 participants.

•

One review of yoga exercise.130 This review included three RCTs and one non-randomized trial
that enrolled a total of 420 participants.

•

One systematic review is not discussed below as it included only one study assessing HRQoL.131

Evidence on the Overall Relationship
For physical activity generally, the two large systematic reviews provided conflicting evidence.126, 127 One
review127 summarized the results of the 16 included studies as: “Between group comparisons showed no
significant results for aerobic training with the exception of one study, and mixed results for resistance
and combined training.” The abstract of this review characterized overall results as “conflicting.”127 The
other review126 summarized the results of the 20 included studies quite differently: 15 studies “reported
a significant effect of aerobic exercise on quality of life….” The abstract of this review characterized
aerobic exercise as “effective,” effects of resistance and combined exercise as “mixed,” and yoga as
needing “more research.”126 The conclusion of conflicting evidence was supported by two additional
observations. One of the larger trials reported that HRQoL improved more in the control group than the
exercise group.132 In 13 of 20 studies of aerobic training that assessed HRQoL with the SF-36 in one
review, no two studies reported the same pattern of significant changes in SF-36 subscales (except the
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negative studies).126 It was not possible to confidently reconcile the different conclusions of these
reviews based upon the information presented in the reviews.
The reviews included insufficient evidence on tai chi and yoga to determine the effect of physical activity
on HRQoL in people with type 2 diabetes. The systematic review of tai chi included only three RCTs.
Although these RCTs reported positive effects of physical activity on HRQoL, the author’s quality scores
for these RCTs (on a 7-point scale) was only a 2 or a 3. The authors characterized the evidence as “not
convincing enough.”128 The systematic review of yoga included four controlled trials of which three were
RCTs. Three of the four trials reported positive effects of physical activity on HRQoL. However, the
author’s quality scores for these trials (on a 10-point scale) ranged from 1 to 4. The authors concluded
that, due to the methodological limitations of existing trials, additional high-quality studies are required
to establish effects of yoga on HRQoL in individuals with type 2 diabetes.130

Disease Progression
The Subcommittee used two sets of indicators to assess the effects of physical activity on progression of
type 2 diabetes. The first set included the indicators of retinopathy, nephropathy, neuropathy, and
diabetes-related foot conditions. However, no reviews were located on the relationship of physical
activity to progression, as assessed by these indicators.
The second set of indicators for progression comprised four indicators of risk of progression: HbA1C,
blood pressure, BMI, and lipids. These indicators are also referred to as risk factors for progression. A
large number of reviews were located on effects of physical activity on these risk factors. The reviews
were sorted by mode of physical activity and by risk factor:
•

Primary sources of evidence for effects of aerobic activity, resistance training, or both on risk
factors for progression were meta-analyses of RCTS.
◦

HbA1C. Twelve meta-analyses included HbA1C as an outcome.133-144

◦

Blood Pressure. Six meta-analyses included blood pressure as an outcome.134, 136, 137, 140,
144, 145

◦

BMI. Six meta-analyses included BMI as an outcome.133, 134, 136, 137, 140, 146

◦

Lipids. Five meta-analyses included lipids as an outcome.134, 136, 137, 140, 144
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•

Secondary sources of evidence for effects of aerobic activity, resistance training, or both on risk
factors for progression were other types of reviews.
◦

Three meta-analyses compared different types of physical activity.147-149

◦

Three meta-analyses which included non-randomized trials.131, 150, 151

◦

Six systematic reviews (or systematic reviews plus meta-analyses where the metaanalysis part was not used as evidence due to inclusion of non-relevant studies in
summary statistics).152-157

•

Primary sources of evidence of the effects of tai chi, qigong, and yoga on risk factors for
progression were meta-analyses of RCTs.

•

◦

HbA1C. Six meta-analyses included HbA1C as an outcome.128, 139, 158-161

◦

Blood Pressure. No meta-analyses included blood pressure as an outcome.

◦

BMI. No meta-analyses included BMI as an outcome.

◦

Lipids. One meta-analysis included lipids as an outcome.161

Secondary sources of evidence for effects of tai chi, qigong, and yoga on risk factors for
progression were other reviews.
◦

One meta-analyses included comparisons of different types of physical activity.128

◦

Three systematic reviews.129, 130, 162

Evidence on the Overall Relationship
Effects of Aerobic Activity, Resistance Training, or Both on Risk Factors for Progression
Overall, the reviews provided strong evidence that aerobic activity and muscle-strengthening activity
reduced risk of progression of type 2 diabetes, though the strength of evidence varied somewhat by risk
factor. This evidence is summarized below for each of the four risk factors. Meta-analyses generally
summarized the effects of physical activity using the standard measurement units for each indicator. For
example, HbA1C is measured in percent of hemoglobin which is glycated, so an effect size of -0.50
percent indicates a net lowering of HbA1C from, for example, 6.5 percent to 6.0 percent. Blood pressure
is measured in mm Hg (millimeters of mercury). BMI units are (body weight in kilograms)/(height in
meters)2. Lipids LDL (low-density lipoprotein), HDL (high-density lipoprotein), total cholesterol, and
triglycerides are measured in mg/dL (1 mg/dL=0.01 gram per liter) or in mmol/L. However, some reviews
used other measures to quantify exercise effects.
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HbA1C. Meta-analyses of RCTs consistently reported aerobic activity reduced HbA1C in adults with type
2 diabetes. The five largest meta-analyses involved 19 to 26 comparisons of aerobic exercise with
control groups, and reported similar significant effects of aerobic exercise on HbA1C of -0.50 to -0.73
percent: weighted mean difference (WMD)=-0.73 percent (95% CI: -1.06% to -0.40%)142; WMD=-0.70
percent (95% CI: -1.02 to -0.38)143; mean difference (MD)=-0.71 percent (95% CI: -1.11 to -0.31)135;
WMD=-0.50 percent (95% CI: -0.78% to -0.21%)140; and WMD=-0.60 percent (95% CI: -0.98% to 0.27%).134 One of these meta-analyses included only studies of walking interventions.140 Although one
meta-analysis of device-based walking interventions reported no effect of walking on HbA1C, the
authors essentially attributed this lack of effect to problems with intervention implementation.141
Fewer individual studies have been conducted on the effects of muscle-strengthening on HbA1C. Two
overlapping meta-analyses involving four and five comparisons of supervised progressive resistance
training reported significant effects of WMD=-0.62 percent (95% CI: -1.14% to -0.11%)143 and WMD=0.57 percent (95% CI: -1.14% to -0.01%).142 Another meta-analysis reported a smaller effect of resistance
training on HbA1C of WMD=-0.32 percent (95% CI: -0.60% to -0.04%). However, a meta-analysis of seven
studies of resistance band exercise reported a non-significant trend on HbA1C of WMD=-0.18 percent
(95% CI: -0.49% to 0.14%)138 and a meta-analysis in which one of seven studies used resistance bands
also reported a non-significant trend.134
The results of meta-analyses of combined aerobic and resistance training provided further evidence that
combined aerobic and muscle-strengthening activity reduces HbA1C in adults with type 2 diabetes. Four
meta-analyses, involving 7 to 14 comparisons, reported similar significant effects of combined exercise
on HbA1C of -0.47 to -0.74 percent: WMD=-0.74 percent (95% CI: -1.13% to -0.35%)137; WMD=-0.51
percent (95% CI: -0.79% to -0.23%)142; WMD=-0.47 percent (95% CI: -0.64% to -0.31%)143; and WMD=0.67 percent (95% CI: -0.93% to -0.40%).134
Two overlapping meta-analyses involving 14 and 12 RCTs compared exercise types,148, 149 and both
reported aerobic exercise alone lowered HbA1C more than resistance training alone. However,
combined aerobic and resistance training had a larger effect on HbA1C than aerobic exercise alone
(difference in exercise effect on HbA1C favoring combined training of MD=-0.17 percent; 95% CI: -0.31%
to -0.03%).148 This finding further supports the conclusion that resistance training alone has an effect on
HbA1C, and suggests combined training is most effective in lowering HbA1C in adults with type 2
diabetes.
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The other meta-analyses not discussed above generally supported the conclusion that aerobic,
resistance, or combined activity improves HbA1C. The secondary sources of evidence also generally
supported these conclusions. Notably, a systematic review of pedometer-based walking programs found
only two of seven programs reported significant improvements in HbA1C,155 thus supporting the
negative findings of the meta-analysis of device-based walking interventions.141
BMI. Meta-analyses that included at least 10 RCTs reported small but significant effects of physical
activity on BMI. The effects were: WMD=-1.05 BMI units (95% CI: -1.31 to -0.80) for free living
exercise133; effect size (ES)=-0.53 (95% CI: -0.81 to -0.26) for aerobic activity137; MD=-1.56 BMI units (95%
CI: -2.41 to -0.71) for aerobic activity135; WMD=-0.91 BMI units (95% CI: -1.22 to -0.59) for walking140;
and ES=-0.50 (95% CI: -0.75 to -0.26) for aerobic plus resistance exercise.137 Meta-analysis including
fewer studies generally reported a non-significant trend favoring an effect of activity on BMI.
Systolic blood pressure. Meta-analyses of the effects of physical activity on systolic blood pressure in
adults with type 2 diabetes consistently reported significant moderate size effects. The summary effects
ranged from WMD=-2.42 mmHg (95% CI: -4.39 to -0.45)137 to WMD=-7.98 mmHg (95% CI: -9.87 to 6.08),144 with significant effects found for aerobic activity alone (three analyses), resistance exercise
alone (two analyses), combined activity (two analyses) and any activity (one analysis)134, 137, 140, 144, 145
(note the effect on aerobic activity on blood pressure in one study was only significant after an outlier
was removed from the analysis140).
Diastolic blood pressure. Meta-analyses of the effects of physical activity on diastolic blood pressure in
adults with type 2 diabetes consistently reported significant small size effects. The summary effects
ranged from WMD=-1.97 mmHg (95% CI: -3.94 to -0.00)140 to WMD=-2.84 mmHg (95% CI:-3.88 to 1.81),145 with significant effects found for aerobic activity alone (two analyses), resistance exercise alone
(one analysis), combined activity (one analysis) and any activity (one analysis).137, 140, 144, 145
Lipids. Compared to HbA1C, blood pressure, and BMI, less evidence was available that physical activity
improved lipids in adults with type 2 diabetes. One large meta-analysis pooled the effects of aerobic,
resistance, and combined exercise.137 This review reported a significant but small benefit of physical
activity on HDL (35 studies with N=2,059 participants; WMD=0.4 mmol/L; 95% CI: 0.02-0.07) and LDL (25
studies with N=1,807 participants; WMD=-0.16 mmol/L; 95% CI: -0.30 to -0.01). The effect of exercise on
triglycerides (WMD=-0.03 mmol/L; 95% CI: -0.17 to 0.10) was not significant. The review also reported:
(1) the effects of physical activity on lipids did not differ by type (aerobic, resistance, combined), and (2)
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exercise interventions of longer durations produced significantly (P<.03) stronger effects on LDL.
Consistent with this latter finding, a meta-analysis found no significant effects of exercise on HDL and
triglycerides after 4 months of training, but found significant effects of exercise on HDL and triglycerides
in two exercise studies that assessed outcomes at 12 months.144 Two other meta-analyses with fewer
studies generally found non-significant trends,134, 140 though one reported a significant effect of exercise
on triglycerides for both aerobic (WMD=-0.03 mmol/L; 95% CI: -0.48 to -0.11) and combined training
(WMD=-0.03 mmol/L; 95% CI: -0.57 to -0.02).134 It is plausible that smaller meta-analyses will not reliably
detect a small effect of physical activity on lipids when the size of the effect depends upon the duration
of exercise programs included in the analysis.

Effects of Tai Chi, Qigong, and Yoga on Risk Factors for Progression
Tai Chi. Evidence was insufficient to determine the effect of tai chi exercise on risk factors for
progression. Three meta-analyses, including a total of five RCTs128, 139, 161 were found. One reported a
significant effect of tai chi on HbA1C (WMD=-0.75 percent; 95% CI: -1.15% to -0.35%) but the analysis
included only two comparisons.139 The other two reviews reported non-significant effects of MD=-1.58
percent (95% CI: -3.83% to 0.67%)128 and MD=-0.19 percent (95% CI: -0.41% to 0.03%).161 The mean
differences varied considerably among the reviews (-1.58%, -0.75%, and -0.19%), with one analysis
including a study with an exercise control group.161 The meta-analysis of the effects of tai chi on lipids
had only two or three comparisons per lipid outcome, and at least one of the studies in the analysis had
an exercise control group.161 No meta-analyses examined the effects of tai chi on blood pressure or BMI.
Qigong. Evidence was insufficient to determine the effect of qigong exercise on risk factors for
progression. One meta-analysis of 3 RCTs139 reported a non-significant effect of qigong on HbA1C. No
meta-analyses examined the effects of qigong on blood pressure, BMI, or lipids.
Yoga. Insufficient evidence was available to determine the types and forms of yoga that may affect risk
factors for progression. Three meta-analyses analyzed the effect on yoga exercise on HbA1C, involving a
total of 12 RCTs, with each review comprising 5 to 8 studies and 220 to 392 participants.139, 158, 160 Two
reviews reported a significant effect on yoga on HbA1C of WMD=-0.47 percent (95% CI: -0.87% to 0.07%)158 and WMD=-0.81 percent (95% CI: -1.22 to -0.39 ).139 One meta-analysis of five RCTS showed
significant effects of yoga on total cholesterol (-8.50 mg/dl; 95% CI: -29.88 to -7.11) and LDL cholesterol
(- 12.95 mg/dl; 95% CI: -18.84 to -7.06) but not on triglycerides.158 A fourth meta-analysis did not
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contribute any additional evidence, as its analyses included studies that did not compare yoga (only) to a
no-exercise control group.159
However, the types and forms of yoga studied in the RCTs of yoga varied widely, with substantial
heterogeneity in two analyses of the effects of yoga on HbA1C (I2=82%158 and 97%160). The authors of
one review concluded that the appropriate exercise parameters for yoga in adults with type 2 diabetes
are unknown.158 The rating of insufficient evidence reflects that it appears that some forms of yoga are
effective while others are not, but current information is insufficient to determine whether this is the
case and to identify a subset of effective yoga exercises.
The conclusions of the secondary evidence sources (systematic reviews) were generally consistent with
the above conclusions. All three reviews commented that the existing studies of tai chi, qigong, and yoga
have methodologic limitations.129, 130, 162
Dose-response: The evidence reviewed indicates a dose-response relationship between physical activity
and some risk factors for progression of type 2 diabetes.
Aerobic activity and blood pressure. Moderate evidence indicates an inverse dose-response relationship
of aerobic activity on blood pressure. A weighted regression found a correlation of r=-0.59 (P<.005)
between systolic blood pressure and weekly exercise volume, over the range of 50 to 250 minutes per
week of activity145 (Figure F10-8).
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Figure F10-8. Dose-response Relationship between Aerobic Activity and Systolic Blood Pressure in
Adults with Type 2 Diabetes

Legend: SBP=systolic blood pressure, WMD=weighted mean difference.
Note: Aerobic exercise volume is measured in minutes per week. The effect on exercise on systolic blood pressure
is expressed as the weighted mean difference for each study. The size of the circles is proportional to the inverse
variance of each study in the meta-analysis.
Source: Springer Sports Medicine, Association between physical activity advice only or structured exercise training
with blood pressure levels in patients with type 2 diabetes: A systematic review and meta-analysis, 44, 2014, 15571572, Franciele R. Figueira, Daniel Umpierre, Felipe V. Cureau, Alessandra T. N. Zucatti, Mériane B. Dalzochio,
Cristiane B. Leitão, Beatriz D. Schaan,145 with permission of Springer.

Aerobic activity and HbA1C. Moderate evidence also indicates an inverse dose-response relationship
between the dose of aerobic activity and HbA1C. A categorical analysis of aerobic exercise studies
reported 150 or more minutes per week had a stronger effect on HbA1C (-0.89 percent; 95% CI: -1.26%
to -0.51%) than less than 150 minutes per week (-0.36 percent; 95% CI: -0.50% to -0.23% ).142 A
weighted regression showed more sessions per week of aerobic exercise were associated with a greater
reduction in HbA1C143 (Figure F10-9). The weighted correlation between volume and change in HbA1C
was r=-0.64 (P=.002).
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Figure F10-9. Dose-response Relationship between Aerobic Activity and hemoglobin A1c (HbA1C)

Legend: HbA1c=hemoglobin A1c, WMD=weighted mean difference.
Note: Aerobic exercise volume is measured as frequency of sessions per week. The effect on exercise on HbA1C is
expressed as the weighted mean difference for each study. The size of the circles is proportional to the inverse
variance of each study in the meta-analysis.
Source: Springer Diabetologia, Volume of supervised exercise training impacts glycaemic control in patients with
type 2 diabetes: a systematic review with meta-regression analysis, 56, 2012, 242-251, D. Umpierre, P.A.B. Ribeiro,
B.D. Schaan, and J.P. Ribeiro,143 with permission of Springer.

Muscle-strengthening activity and HbA1C. The Subcommittee found only limited information on doseresponse effects in muscle-strengthening training. One meta-regression showed 21 or more sets of
resistance training per bout of exercise had greater effects on HbA1C (MD=-0.65 percent; 95% CI: -0.97
to -0.32) compared to fewer than 21 sets (MD=-0.16%; 95% CI: -0.38 to -0.05) (P=.03).150

Evidence on Specific Factors
The Subcommittee sought evidence on specific factors related to individual factors (age, sex,
race/ethnicity, socioeconomic status, and weight status) and exposure factors (frequency, duration,
intensity type, and measurement method). When evidence was located on additional individual factors
(blood pressure before physical activity and HbA1C level before physical activity), the Subcommittee
deemed this evidence was relevant to the intent of question 4b dealing with variation of effects
according to individual characteristics.
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Blood pressure before physical activity: In one meta-analysis, the effects of aerobic and resistance
training on systolic blood pressure were significantly larger (P<.001) in studies in hypertensive patients
with type 2 diabetes compared to normotensive patients with type 2 diabetes. Hypertensive studies
were defined as those where more than 70 percent of participants with diabetes had blood pressure
readings of >140/90.145
HbA1C level before physical activity: In one meta-analysis, the effects of physical activity on HbA1C
were greater in adults with type 2 diabetes who had higher levels of HbA1C before the exercise
intervention began, than in adults with type 2 diabetes who had lower levels of HbA1C before exercise
began.143 The weighted correlation between baseline HbA1C and change in HbA1C was r=-0.52 (P=.001)
(Figure F10-10).
Figure F10-10. Association between HbA1C Before a Supervised Exercise Intervention, with Change in
HbA1C After Different Types of Exercise Interventions

Legend: HbA1c=hemoglobin A1c, WMD=weighted mean difference.
Note: The size of the symbols is proportional to the inverse variance calculated for use in a pooled analysis. The
continuous line and circles are for aerobic training studies; the dotted line and squares for resistance training
studies; and the dashed line and triangles for combined training.
Source: Springer Diabetologia, Volume of supervised exercise training impacts glycaemic control in patients with
type 2 diabetes: a systematic review with meta-regression analysis, 56, 2012, 242-251, D. Umpierre, P.A.B. Ribeiro,
B. D. Schaan, and J.P. Ribeiro,143 with permission of Springer.
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Demographic characteristics and weight status: Insufficient evidence was available in the studies
reviewed to determine whether the effects of physical activity on risk factors for progression in adults of
type 2 diabetes vary by age, sex, race/ethnicity, socioeconomic status, or weight status.
Duration of physical activity programs: Meta-analyses that analyzed the effects of physical activity
programs of varying duration generally found stronger effects on HbA1C, BMI, and lipids with programs
that last longer. One analysis reported the effects of free-living activity on HbA1C and BMI increased as
follow-up intervals increased.133 With follow-up intervals of less than 6 months, 6 months, 12 months,
and 24 months, the effect of activity on HbA1C increased (-0.18%, -0.33%, -0.33%, -0.56%, respectively)
and the effect of activity on BMI also increased (-0.75, -0.77, -1.32, -1.52 BMI units, respectively). One
review reported that every additional week of aerobic exercise reduced HbA1C an additional 0.009
percent to 0.04 percent,135 while another reported long-term studies of 6 or more months showed
stronger effects of activity on HbA1C than shorter term studies of less than 6 months.148 As noted above,
longer exercise programs had significantly stronger effects on LDL (p<.03).137 However, one review
reported the effect of duration of aerobic exercise on BMI was not significant.135
Intensity of exercise: Limited evidence suggests that vigorous-intensity aerobic activity is more efficient
in reducing HbA1C in individuals with type 2 diabetes compared to moderate-intensity activity. Evidence
on effects of intensity on HbA1C was available from a meta-analysis which summarized results of eight
RCTs that directly compared effects of moderate-intensity versus high-intensity aerobic activity (either
continuous high-intensity or high-intensity interval training).147 Six of these studies were relevant, as
they enrolled adults and matched on volume of aerobic activity. The review reported a stronger effect of
vigorous-intensity aerobic activity on HbA1C (WMD=-0.22%; 95% CI: -0.38 to -0.06) across all eight of
the trials, which would be similar to the effect in the six relevant trials, as these trials had a total weight
of 94.2 percent in the analysis. Although a meta-regression reported no effect of aerobic or resistance
training intensity on HbA1C,143 evidence from RCTs directly comparing effects of different intensities was
regarded as preferable and stronger evidence.
Other characteristics: Insufficient evidence was available in the reviews located by the search strategy
to determine the effects of frequency, bout duration, and method of measuring physical activity on risk
factors for progression in adults with type 2 diabetes.
For additional details on this body of evidence, visit: https://health.gov/paguidelines/secondedition/report/supplementary-material.aspx for the Evidence Portfolio.
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Comparing 2018 Findings with the 2008 Scientific Report
The Metabolic Health chapter of the Physical Activity Guidelines Advisory Committee Report, 2008,
which considered the effects of physical activity on diabetes, had a broader scope than this chapter. For
example, the chapter addressed both therapeutic and preventive effects of physical activity in
individuals with type 1 and type 2 diabetes.4 The report regarded the cardiovascular health benefits of
physical activity as reducing macrovascular risks and regarded the role of physical activity in preventing
neuropathy, nephropathy, and retinopathy as reducing micro-vascular risks.4
This chapter adds to the conclusions of the 2008 evidence review in three important ways through its
focus on the preventive effects of physical activity in adults with type 2 diabetes. First, the 2008
Scientific Report concluded that strong data supported the benefits of physical activity for CVD
protection in type 2 diabetes,4 but lacked a quantitative summary estimate of the effect of physical
activity on CVD mortality. Data now exist to quantify the effect of physical activity (mainly aerobic
leisure-time physical activity) on risk of CVD mortality—a 30 to 40 percent reduction in risk. Further,
moderate evidence indicates a dose-response effect.
Second, strong evidence now demonstrates that aerobic, muscle-strengthening, and combined activity
reduce risk factors for progression of type 2 diabetes: HbA1C, blood pressure, BMI, and lipids. Although
the 2008 Scientific Report commented on the effects of physical activity on these risk factors, the only
evidence grade stated in that report’s Integration chapter was limited evidence for a beneficial effect of
physical activity on HbA1C.4 The evidence available in 2008 on benefits of muscle-strengthening activity
was limited, and the report stated resistance training has “shown promise” of beneficial effects in
people with type 2 diabetes.4
Third, the current findings suggest that for two risk factors for progression—HbA1C and blood
pressure—those at greatest risk experience the greatest benefit from physical activity. Further and not
surprisingly, evidence is growing that the beneficial effects of physical activity on three risk factors—
BMI, HbA1C, and lipids—become larger as adults with type 2 diabetes participate in physical activity
over longer periods of time.

Public Health Impact
The public health impact of these findings is large. Type 2 diabetes is prevalent in the population, and
the leading cause of death in people with type 2 diabetes is CVD. Physical activity is associated with a 30
to 40 percent reduction in risk of CVD mortality.
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Small-to-moderate size beneficial effects of physical activity on HbA1C, blood pressure, BMI, and lipids
are consistently reported by randomized trials. Essentially, this finding represents a triple benefit of
physical activity in type 2 diabetes: a primary prevention benefit (co-morbidities) as these are risk
factors for chronic conditions, a secondary prevention benefit as these are risk factors for progression of
type 2 diabetes, and a therapeutic benefit as these are indicators of treatment effectiveness.
Importantly, the effects of physical activity on HbA1C and blood pressure appear to be largest in adults
with highest levels of risk. Also, the effects of physical activity on some risk factors (BMI, lipids, HbA1C)
increase with more months of exercise, and thus may be underestimated by short-term randomized
trials.
Overall, the findings emphasize the importance of physical activity in people with type 2 diabetes. There
are two main types of physical activity that produced benefit—aerobic and muscle-strengthening—the
same two types of activities emphasized in public health guidelines. The volume of activity required to
obtain benefits is similar to that in current public health guidelines.

Question 5. In people with multiple sclerosis, what is the relationship between
physical activity and: 1) risk of co-morbid conditions, 2) physical function, and 3)
health-related quality of life?
Sources of evidence: Systematic reviews, meta-analyses

Conclusion Statements

Risk of Co-morbid Conditions
Insufficient evidence is available to determine the relationship between physical activity and risk of comorbid conditions in adults with multiple sclerosis. PAGAC Grade: Not Assignable.

Physical Function
Strong evidence demonstrates that physical activity—particularly aerobic and muscle-strengthening
activities—improves physical function, including walking speed and endurance, in adults with multiple
sclerosis. PAGAC Grade: Strong.

Health-related Quality of Life
Limited evidence suggests that physical activity improves quality of life, including symptoms of fatigue
and depressive symptoms, in adults with multiple sclerosis. PAGAC grade: Limited.
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Review of the Evidence
Multiple sclerosis (MS) is a neurological disease involving intermittent episodes of focal inflammation
that damage the central nervous system. The frequency and neurological location of these immunemediated, inflammatory episodes vary among affected individuals, resulting in variation in disease
progression over time and a heterogeneous mixture of physical and cognitive impairments among
people with MS. Multiple sclerosis is the most prevalent chronic disabling neurological disease among
U.S. adults,163 affecting approximately 400,000 individuals.164
In considering the importance of preventive effects of physical activity in MS, several issues raised in
recent reviews are relevant to this evidence review. First, more than 80 percent of people with the
disease live with it for more than 35 years,165 so physical activity has the potential to provide long-term
benefits. Second, in the past, people with MS were advised not to exercise due to concern that exercise
would worsen fatigue or symptoms.165 Because of growing evidence of its benefits, regular physical
activity is now generally recommended for people with MS. People with more severe MS may require
adapted exercise training, such as body-weight support treadmill training,166 but people with mild-tomoderate MS can commonly participate in types of physical activity recommended by public health
guidelines, such as walking and muscle-strengthening activity.
Third, effects of physical activity on fatigue and depressive symptoms are important to understand, as
these are common symptoms in people with MS165, 167 and they impair HRQoL.168 About 80 percent of
people with multiple sclerosis experience fatigue169 and about one-fourth have depression.170
Finally, the effects of physical activity on physical function are of importance, as impairments in physical
function and mobility are also common.163 Of particular importance are impairments in walking, as
impaired walking is common and life-altering and level of impairment in walking can be used to track
disease progression over time.171
The Subcommittee considered evidence contained in 16 reviews, which comprised both systematic
reviews and meta-analyses. All studies included in the reviews were experimental studies (no cohort
studies were included). The Subcommittee focused on studies of physical activity interventions with a
no-exercise control group. Studies of formal rehabilitation programs, adapted exercise training, and
uncontrolled studies were not included as sources of evidence. All reviews were published between
2011 and 2017 inclusive. Some reviews addressed the effects of specific types of physical activity,
including aquatic exercise,172, 173 yoga,174 tai chi,175, 176 and muscle strengthening activity.177 Most reviews
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summarized effects across a variety of activity types, such as walking, muscle-strengthening activity,
video game activity, and balance training.163, 166, 167, 171, 178-183
Reviews commonly reported a clinical measure of severity of multiple sclerosis, called the Expanded
Disability Status Scale (EDDS).184 The vast majority of existing trials have enrolled people with mild-tomoderate multiple sclerosis, as indicated by an EDDS score of less than 6.5. Only one review focused on
people with severe disability,166 and this review located only one relevant study (i.e., a physical activity
intervention with a no-exercise control group).
In considering the evidence, the Subcommittee noted that trials in individuals with multiple sclerosis
often have small sample sizes and/or fewer than 10 weeks of exercise. For example, in one of the earlier
meta-analyses published in 2012, five of seven exercise trials had an intervention group of fewer than 20
participants.182 Such trials potentially have low statistical power. Thus, the Subcommittee regarded
larger meta-analyses as the primary source of evidence, as these reviews quantify effects and increase
statistical power.
Unlike several other questions in this chapter, the review of multiple sclerosis did not focus on effects of
physical activity on the outcome of progression. However, the Subcommittee notes one review
concluded that some evidence supports the possibility of a disease-modifying effect of exercise on
multiple sclerosis.165

Evidence on the Overall Relationship

Risk of Co-morbid Conditions
The Subcommittee was unable to find sufficient evidence to determine the relationship between
physical activity and risk of co-morbid conditions in people with MS. The search did not locate any
systematic reviews or meta-analyses that addressed risk of co-morbid conditions, including the comorbidity of major depressive disorder. Although some trials measured depressive symptoms in all
participants, no review addressed the effect of physical activity on the percent of participants with
diagnosed depressive illness.

Physical Function
Strong evidence demonstrated that physical activity improves physical function in adults with MS. The
evidence was strongest for the programs that included moderate-to-vigorous aerobic and/or musclestrengthening activity, sometimes combined with balance training. A meta-analysis that included 13
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RCTs included 5 relevant analyses.178 First, this review reported that exercise improved walk time in the
10-meter walk test—a measure of gait speed (MD=-1.76 seconds; 95% CI: -2.47 to -1.08).178 This analysis
included 8 comparisons and 234 total participants, and 7 of the 8 interventions tested 4 to 12 weeks of
aerobic, resistance, and/or balance training. In the second analysis, the review reported exercise
improved walking endurance in the 6-minute walk test (MD=36.46 meters; 95% CI: 15.14-57.79). This
analysis included four comparisons and 191 total participants, and all studies tested 12 weeks of
aerobic, resistance, and/or balance training. Only one study was included in both of these analyses. In
the third analysis, the effect of exercise on 2-minute walk distance involving five comparisons was also
significant (MD=12.51 meters; 95% CI: 4.79-20.23).178 In the fourth analysis, a trend was reported for an
exercise effect on the Timed Up and Go test in an analysis including four comparisons (MD=-1.05
seconds; 95% CI: -2.19 to 0.09, P=.07). However, the fifth analysis—of the timed 25-foot walk test—
found non-significant improvement.
Systematic reviews and another meta-analysis also found some evidence that physical activity improves
physical function in people with multiple sclerosis.163, 171, 177, 183 In some cases, the positive effects were
noted for outcomes other than walking, such as balance,163 and composite measures of physical
function.177 However, these reviews all included fewer RCTs with measures of walking ability than the
above meta-analysis (which included 13 trials).178
Important supporting evidence that physical activity improves function comes from evidence that
physical activity improves measures of physical fitness in adults with MS. Although the Subcommittee
did not emphasize reviews of effects of physical activity on fitness, this review of fitness was deemed
important in this case because MS has the potential to impair the physiologic effects of exercise. An
effect of exercise on physical function is not plausible if exercise has no effect on fitness. It is expected
that in individuals with MS, improvements in aerobic capacity and muscular endurance will translate
into improvements in walking.171 For example, one study reported a correlation of r=0.62 between peak
aerobic capacity and 6-minute walk distance.185
Reviews of the effects of physical activity on fitness consistently reported physical activity improves
fitness in people with MS. A meta-analysis that included 20 RCTs reported a small significant effect of
exercise on muscular fitness (ES=0.27; 95% CI: 0.17-0.38) and moderate effect on cardiorespiratory
fitness (ES=0.47; 95% CI: 0.30-0.65).179 A meta-analysis of 10 comparisons from 6 studies found strength
training increased muscle strength in people with MS (ES=0.31; 95% CI=0.15 to 0.48).177 A systematic
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review concluded that strong evidence shows that moderate-intensity exercise increases aerobic
capacity and muscular strength in people with MS.171 Fitness benefits may occur even in severe MS. In a
review of effects of exercise training in adults with EDDS score of at least 6.5, a small controlled trial of
aerobic exercise reported that exercise improved peak aerobic capacity.166
Insufficient evidence was available to determine whether aquatic exercise improves physical function in
people with MS. One systematic review of three trials reported significant positive effects of aquatic
exercise on physical function.172 However, these three trials were described as non-randomized trials
and a total of only 36 participants were allocated to aquatic exercise in these trials. A more recent
systematic review located three RCTs and three non-randomized controlled trials of aquatic exercise.173
However, this review did not specify how outcomes in these six trials were measured, making it difficult
to determine which trial included tests of physical function. It appeared that only one trial found a
significant beneficial effect of exercise on a physical function outcome (walking endurance).
Evidence that yoga or tai chi improves physical function in people with multiple sclerosis also was
insufficient. A meta-analysis of effects of yoga on mobility located only two trials with a mobility
outcome, and the summary effect of yoga was not significant.174 One systematic review of tai chi located
four trials with a no-exercise control group, with significant between group differences in tests of
physical function reported for only one non-randomized trial.176 Another systematic review of tai chi
located two RCTs and five non-randomized controlled trials. However, study quality was rated as low in
five of the seven trials, and between-group comparisons on effects of exercise on function were not
reported for the remaining two higher quality trials.175

Health-related Quality of Life
Limited evidence suggests that physical activity improves HRQoL in people with MS. The evidence
focused on three measures of quality of life: overall HRQoL, depressive symptoms, and fatigue
symptoms.
Overall HRQoL: One meta-analysis of 13 RCTs with 535 total participants reported significant effects of
physical activity on quality of life questionnaires, including the SF-36 and the Multiple Sclerosis Quality
of Life (MSQOL).180 The summary effect of physical activity on measures of overall HRQoL was
standardized mean difference (SMD)=0.85 (95% CI: 0.51-1.18). However, the analyses combined diverse
physical activity interventions (aquatic, yoga, stretching, treadmill, aerobic, resistance, and combined),
with the most common intervention being aquatic exercise. The trials’ study populations had limited
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diversity in that 90 percent of participants were women who (apparently) all lived in Iran. One metaanalysis of effects of yoga reported a non-significant effect of yoga on measures of HRQoL (5
comparisons in the analysis).174 The quantitative results of a meta-analysis were not used as source of
evidence because its analysis combined effects of physical activity interventions with effects of
rehabilitation interventions.182 However, results of individual exercise studies were reviewed and,
consistent with an effect of physical activity on HRQoL, the five individual studies that reported the
largest positive effects on HRQoL were all exercise interventions. Also, one small controlled trial of
aerobic exercise in adults with severe disability reported a benefit of exercise on HRQoL.166
Depressive symptoms: The strongest evidence that physical activity improves HRQoL was for the effect
of physical activity on depressive symptoms, though the size of the effect was small. Two overlapping
meta-analyses examined the effects of physical activity on depressive symptoms, one with 15 RCTs and
a total of 591 participants,167 and one with 13 RCTs and a total of 477 participants.181 Twelve studies
were included in both reviews. The interventions in most of the studies were aerobic training, musclestrengthening activity, or both. Both reviews reported a small, significant effect of physical activity on
depressive symptoms of Hedge’s g=-0.37 (95% CI: -0.56 to -0.17) and (when improvement was scored as
a positive number) Hedge’s g=0.36 (95% CI: 0.18-0.54).181 A meta-analysis of yoga interventions reported
a significant effect of yoga on mood (SMD=-0.55; 95% CI: -0.96 to -0.130), but the analysis included only
three studies.174
Fatigue: One meta-analysis reported a small but significant effect of yoga on measures of fatigue
(SMD=-0.52; 95% CI: -1.02 to -0.02; four comparisons).174 A systematic review located 30 studies of the
effects of exercise on fatigue and concluded that the findings from some positive, good quality studies
among them suggest that the evidence was promising.171 A meta-analysis of strength training reported
effects on fatigue were assessed by three trials, and all three reported improvements in fatigue.177 A
systematic review noted some high-quality training studies report positive effects on measures of
fatigue.183
In terms of types of physical activity that improve quality of life in people with MS, the meta-analyses
which focused on depressive symptoms indicate that both aerobic and muscle-strengthening activities
have benefits.167, 181 The evidence from a meta-analysis that yoga improved mood and fatigue
(summarized above) was based upon only a few studies in each analysis. Evidence for effects of aquatic
activity is also limited.
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Insufficient evidence was available on the effects of tai chi on measures of HRQoL. One systematic
review of tai chi reported a between-group difference in quality of life measures in only one nonrandomized controlled trial.176 As noted in the section on physical function, one systematic review of tai
chi included primarily low-quality trials.175
For additional details on this body of evidence, visit: https://health.gov/paguidelines/secondedition/report/supplementary-material.aspx for the Evidence Portfolio.

Comparing 2018 Findings with the 2008 Scientific Report
The 2008 Scientific Report reviewed the effects of physical activity in people with MS on the outcomes
of cardiorespiratory fitness, muscle strength, mobility (walking speed and distance), and quality of life.
For each outcome, only two to four RCTs were located.4 The evidence was rated as moderate to strong
for effects of physical activity on cardiorespiratory fitness, walking speed, and walking distance. The
evidence was rated as strong for muscle strength, and very limited for HRQOL. The report did not
provide summary measures that quantified the size of the benefits of physical activity on these
outcomes.
In comparison, the evidence review and conclusions in this report are based upon a much larger number
of RCTs, and meta-analyses are available that quantify effects of physical activity. Strong evidence now
exists for a small-to-moderate size effect of physical activity on physical function, as mainly assessed by
effects on walking speed and endurance. Systematic reviews provide some evidence that the effects of
physical activity are broader than just effects on mobility. For example, it may also improve measures of
balance. Although the Subcommittee did not formally rate the evidence of fitness effects, a systematic
review done to inform guideline development rated the evidence as strong.171 A meta-analysis that
included 20 RCTs quantified effects of (typically short-term) training studies on fitness as small to
moderate. A growing body of evidence is now showing that physical activity improves HRQoL in people
with MS, though the evidence for overall quality of life is limited. The Subcommittee did not rate the
evidence separately for effects of physical activity on depressive symptoms, and mood is only one
component of HRQoL. But clear evidence shows that physical activity has a small beneficial effect on
depressive symptoms, as determined by meta-analyses of at least 13 RCTs.
Consistent with the 2008 Scientific Report,4 evidence is strongest for beneficial effects of conventional
aerobic and muscle-strengthening activity. However, data are emerging that other forms of physical
activity may have benefits in individuals with MS, particularly on quality of life. This report clarifies that
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evidence of benefit is limited to people with mild-to-moderate multiple sclerosis. The 2008 Scientific
Report noted it did not locate any evidence “to support the notion that exercise imposes a higher risk of
exacerbation or harm in people with Multiple Sclerosis.”4 Although the 2018 Scientific Report did not
have a question addressing adverse events, the included systematic reviews and meta-analyses
provided no findings that were inconsistent with the 2008 conclusion.

Public Health Impact
The review supports the importance of promoting physical activity in people with MS. Indeed, people
with MS are less physically active than non-disability age-matched populations.186 The main finding was
that physical activity improves physical function in adults with MS. Although meta-analyses summarize
effects of physical activity as small to moderate, the duration of exercise in most trials is 12 weeks or
less. Potentially, regular physical activity over long periods of time has moderate-to-large benefits.
Indeed, a stronger effect of physical activity on walking speed was reported in a meta-analysis when the
analysis was limited to studies of at least 12 weeks duration.178 Although effects on gait speed are
modest, effects that may seem small (e.g., an improvement of 0.1 meters per second) are associated
with substantial reductions in risk of all-cause mortality in the general population of older adults.187
Further, walking speed is a key measure of level of disability in people with MS.
The meta-analyses of effects of activity on depressive symptoms indicate that physical activity is a
modestly beneficial non-pharmacologic approach to reducing symptoms of depression generally in
people with MS. As noted above, depression is common in adults with MS.

Question 6. In people with spinal cord injury, what is the relationship between
physical activity and (1) risk of co-morbid conditions, (2) physical function, and
(3) health-related quality of life?
Sources of evidence: Systematic reviews, meta-analyses

Conclusion Statements

Risk of Co-morbid Conditions
Limited evidence suggests that physical activity reduces shoulder pain and improves vascular function in
paralyzed limbs in individuals with spinal cord injury. PAGAC Grade: Limited.

Physical Function
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Moderate evidence indicates that physical activity improves walking function, muscular strength, and
upper extremity function for persons with spinal cord injury. PAGAC Grade: Moderate.

Health-related Quality of Life
Limited evidence suggests physical activity improves health-related quality of life in individuals with
spinal cord injury. PAGAC Grade: Limited.

Review of the Evidence
The effects of a traumatic spinal cord injury (SCI) on individuals and their families and friends are
immediate and enormous.188 Upon sustaining a SCI, individuals who were previously healthy and
independent must suddenly cope with effects of partial or complete paralysis on body movement, as
well as cope with partial or complete loss of control over bowel, bladder, and sexual function. SCIs can
lead to negative effects on emotions, relationships with family and friends, and on occupational status.
In the United States, about 12,000 new cases of SCI occur each year, and about 260,000 individuals are
living with a spinal cord injury.189
In individuals affected by SCI, prevention of co-morbidities and mitigating effects of SCI on physical
function and HRQoL are of great importance. Addressing the effects of physical activity on risk of comorbidities, physical function, and HRQoL in individuals with SCI is thus important. A review of the
effects of physical activity in individuals affected by SCI necessarily deals with different types of physical
activity than are common in the general population. Because SCI restricts physical activity behaviors, the
types of activity of interest in SCI include arm ergometry, wheelchair-based exercise, underwater
treadmills, and adapted forms of physical activity (e.g., adaptations that partially support body weight).
In terms of preventing co-morbidity, measures of improvement in cardiovascular status and CVD risk
due to physical activity assume more than the usual importance. With loss of autonomic control due to
SCI, the response to physical activity by blood vessels in the areas affected by the injury may not be
normal. An impaired cardiovascular response to activity can limit exercise capacity, accelerating
development of CVD.190 Individuals with SCI are at two to four times higher risk of CVD than those
without SCI.191
In terms of understanding effects of physical activity on physical function, the effects are obviously
influenced by the location and severity of the injury. The severity of the injury is commonly described
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using the American Spinal Injury Association’s Standard Neurological Classification of Spinal Cord Injury
(ASIA) (Table F10-2).

2018 Physical Activity Guidelines Advisory Committee Scientific Report

F10-81

Part F. Chapter 10. Individuals with Chronic Conditions
Table F10-2. American Spinal Injury Association Impairment and Motor Function Scales
Impairment Scale
Group A

Complete: No motor or sensory function is preserved in the sacral
segments S4-S5.

Group B

Incomplete: Sensory but not motor function is preserved below the
neurological level and includes the sacral segment S4-S5.

Group C

Incomplete: Motor function is preserved below the neurologic level
and more than half of key muscles below the neurologic level have
a muscle grade <3 (less than full range of motion against gravity).

Group D

Incomplete: Motor function is preserved below the neurologic level
and at least half of key muscles below the neurologic level have a
muscle grade of 3 or more.

Group E

Normal: Motor and sensory function are normal.

Motor Function Scale
Grade 0

Total paralysis

Grade 1

Palpable or visible contraction

Grade 2

Active movement, gravity eliminated

Grade 3

Active movement against gravity

Grade 4

Active movement against some resistance

Grade 5

Active movement against full resistance

NT

Not testable

Source: Kirshblum et al., 2011.192

In reviews of effects of physical activity located by the search strategy, several outcomes were specific
to SCI. This led the Subcommittee to consider how such outcomes should be classified for the three
outcomes in Question 6.
1. Shoulder pain is an important problem for individuals with SCI, affecting 38 to 67 percent of
manual wheelchair users.193 It is usually related to high workloads placed on the shoulders for
transfers and wheelchair mobility in individuals with paraplegia194 and weakness of shoulder
muscles in individuals with quadriplegia. Shoulder pain was deemed to be a co-morbid
condition—essentially a surrogate outcome for the group of shoulder conditions that occur
commonly with SCI (which including overuse injuries like tendinitis).
2. Measures of vascular function are important indicators of CVD risk. Lacking reviews on
relationships between greater physical activity and CVD events, measures of vascular function
were deemed appropriate as surrogate markers of CVD risk.
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3. Wheelchair skills and propulsion, including ability to start and stop, change directions, and
maneuver through doorways, affect an individual’s mobility and hence were regarded as
measure of physical function.
4. Physical fitness outcomes were included in the review of effects on physical function. Physical
fitness (aerobic capacity and muscular strength) are clear determinants of physical function in
individuals with SCI. Documenting activity-related improvements in fitness outcomes was
regarded as important supporting evidence for a finding of effects of physical activity on physical
function.
The evidence reviewed comprised nine systematic reviews195-203 and two meta-analyses.204, 205 The
number of studies included in each review ranged from seven to 82, with a median of 13. About half of
all studies were pre-post designs, and about one-third were experimental designs with a comparison
group. Other study designs included cohort and cross-sectional studies, case series and case reports, and
a chart review.

Evidence Identified on Risk of Co-morbid Conditions
Three systematic reviews196, 198, 202 provided information about physical activity and the development of
co-morbid conditions. One review196 focused on shoulder pain and included 7 studies (3 RCTs, 4 cohort
studies), with a total of 197 adult wheelchair users. Another review202 assessed changes in vascular
function associated with either a single acute episode of physical activity or longer term physical activity.
The review included 14 studies (8 with a comparison group and 6 with only pre-post-assessments) of a
single episode of activity with a total of 215 adults, and 15 studies (1 RCT, 2 case-control, 11 pre-post,
and 1 case report) of habitual physical activity, with a total of 179 adults. Lack of mobility, impaired
autonomic regulation of the cardiovascular system, and reduced vascular compliance place individuals
with SCI at higher risk of CVD.202

Evidence Identified on Physical Function
Six systematic reviews195, 197, 198, 200, 201, 203 and two meta-analyses204, 205 provided information about the
relationship between physical activity and physical function in individuals with SCI.
Cardiovascular fitness and muscular strength: Three systematic reviews195, 198, 200 provided information
about measures of cardiovascular fitness and muscular strength. The review by Bochkezanian et al195
included two randomized controlled studies, four pre- post studies, and one case series with a total of
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149 adults. The review by Hicks et al198 included 12 experimental studies with comparison groups and 70
studies with pre-post designs and a total of 1,207 participants. The review by Li et al200 included four
experimental studies with comparison groups, two pre-post designs, one case series, and one case
report with 143 adults. The physical activity exposures in one of the reviews200 was limited to aquatic
activities, such as swimming or underwater treadmill walking. The physical activity exposures in the
more than 80 studies included in the other two reviews195, 198 were various combinations of aerobic
exercise, mostly arm ergometry or wheelchair use, and muscle strengthening exercises with pulleys,
bands, and free weights. Outcome measures in all three reviews included VO2max, power output, and
various task-specific measures of upper body strength.
Walking: Four systematic reviews197, 198, 200, 203 provided information about walking as an outcome. The
review by Gandhi et al197 included one case series and 11 case reports with a total of 43 children and
adolescents of whom 40 were ages 10 to 17 years. The review by Li et al200 included one pre-post study
and one case report with walking outcomes with a total of 12 adults. The review by Hicks et al198
included 3 studies of individuals with acute (≤12 months) and 11 studies of individuals with chronic (>12
months) SCI. The review by Yang and Musselman203 included 7 experimental studies with comparison
groups, 11 pre-post designs, and 2 case series. The physical activity exposures in one of the reviews200
was limited to aquatic activities such as swimming or underwater treadmill walking. The exposure in the
other three reviews197, 198, 203 included overground walking, robotic-assisted or body weight supported
treadmill training, and muscle-strengthening exercises. Change in walking ability in the four reviews197,
198, 200, 203

was assessed with measures of walking speed and walking distance.

Upper extremity function: One systematic review201 focused on upper extremity function among
individuals with SCI at the cervical level. Of the 16 studies included in the review, 6 RCTs provided
physical activity exposures beyond standard physical therapy. The physical activity exposures included
arm ergometry, progressive resistance training, or electrical stimulation. Outcomes included tests of
hand function, functional independence, and activities of daily living.
Postural stability: One meta-analysis205 examined postural control in sitting and standing. The metaanalysis included six experimental studies with comparison groups, 11 pre-post, and 4 cohort studies.
The four studies included in the meta-analyses included 153 participants. Exposures included
unsupported sitting, rockerboard, tai chi, balance exercises, and task based training; outcomes included
sit and reach test and the Berg Balance Scale.
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Evidence Identified on Health-related Quality of Life
Two systematic reviews195, 199 provided information about physical activity and quality of life. One195
included 7 studies, of which two randomized controlled trials, each with 34 total participants, examined
the relationship between physical activity and quality of life. The physical activity exposure in both
studies included arm ergometry, free weights, and pulleys. Both studies used the Perceived Quality of
Life questionnaire and one also used a body satisfaction questionnaire. The other systematic review199
included six cross-sectional studies and five experimental trials with a total of 634 adults that examined
the relationship between physical activity and quality of life. In the cross-sectional studies, the physical
activity practices were obtained from six different self-report instruments; in the experimental trials, the
physical activity programs included swimming, treadmill, or combined aerobic and strength training.

Evidence on the Overall Relationship

Risk of Co-morbid Conditions
Shoulder Pain: Evidence that shoulder strengthening and stretching reduces shoulder pain in individuals
with SCI comes from a single systematic review that included 3 RCTs and 4 cohort studies with a total of
199 subjects. The exercise exposure included arm ergometry, resistive strengthening with or without
electromyelogram biofeedback, and stretching the muscles of the shoulder girdle. Training was three
times per week and spanned 2 to 6 months. Shoulder pain was assessed with the Wheelchair Users
Shoulder Pain Index (WUSPI).206 All seven studies reported significantly improved (reduced) scores on
the WUSPI.196 Systematic use of WUSPI as a well-validated outcome measure across studies increases
the consistency and strength of this relationship, with benefits consistently exceeding the 5.1 points
minimal clinical detectable difference on WUSPI, indicating a significant effect size.
Vascular Function: A single systematic review examined the effect of both acute episodes of physical
activity (14 studies, 215 total subjects) and regular episodes of physical activity (15 studies, 179 total
subjects) on arterial function among individuals with SCI.202 The most common exercise exposure was
arm cycling for both acute and non-acute studies, but also included passive arm or leg exercise,
electrical stimulation, and, for non-acute only body-weight supported treadmill training. Vascular
function in paralyzed limbs was significantly improved in both groups.202
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Physical Function
Walking Function: Four systematic reviews examined the relationship between physical activity and
parameters of walking function; all four reviews reported improved walking function associated with
either task-oriented exercise197, 198, 203 or aquatic treadmill or swimming exercise.200 Yang and
Musselman203 reported increased walking speeds ranging from 0.06 to 0.77 meters per second and
increased 6-minute walking distances from 24 to 357 meters. In the review by Hicks et al,198 3 of the 13
studies of individuals with acute spinal cord injury reported on walking function as an outcome; 11 of
the 69 studies of individuals with chronic spinal cord injuries reported on walking function as an
outcome. Quantification was not provided, but all reported general improvements in a variety of
assessments of walking. Of the eight studies of aquatic exercise, two examined the effect on walking
performance and both reported improvements.200 Gandhi et al197 reported uniform improvements in
walking across all 13 studies of children and adolescents with spinal cord injury.
Upper Extremity Function: Most studies in the one systematic review that examined upper extremity
function reported improvements in muscle strength, arm and hand function, and activities of daily
living.201 However, limited quantitative information was provided, and the outcomes were diverse.
Postural Stability and Balance: The meta-analysis205 suggests that task-oriented training has negligible
effect on postural stability and balance during sitting and standing. Two studies with inactive control
groups and two studies with active control groups were included in meta-analyses and both
comparisons had nonsignificant differences between groups.
Cardiovascular Fitness and Muscular Strength: The three systematic reviews all provide evidence
indicating a positive relationship between greater amounts of aerobic or muscle-strengthening physical
activity and higher cardiovascular or muscular fitness.195, 198, 200 Hicks et al198 report “clear
improvements” among individuals with older (>12 months) and newer (≤12 months) SCI. Summarizing
the findings reported from 30 studies of interventions of arm or wheelchair ergometry among
individuals with older injuries, Hicks et al198 report that “it was clear” that the exercise “produced
significant improvements in aerobic capacity.” Similarly, 16 studies mostly of combined muscular
strengthening and arm ergometry reported improved power output; all 11 studies of muscular
strengthening and arm ergometry reported improved muscular strength, and all 9 studies of wheelchair
skills and propulsion showed significant improvements.198 Fewer studies of individuals with newer
lesions were identified but findings were similar.198 Bochkezanian et al195 reported that nine of nine
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within-group comparisons for aerobic fitness showed improvements associated with the exercise
exposure and two of the improvements were statistically significant. Similarly, all 22 within-group
comparisons for muscular strength showed improvement and 11 of them were statistically significant.
Finally, three of four studies of aquatic exercise (treadmill or swimming) reported improved
cardiovascular fitness; the fourth showed no superiority compared with land-based exercise but the
review provided no information about whether or how much both aquatic and land-based exercise
produced changes in fitness or strength.200

Health-related Quality of Life
The two systematic reviews195, 199 provide limited support for a beneficial relationship between greater
participation in physically active endeavors and higher reported perceptions of quality of life.
Bochkezanian et al195 included two RCTs each of which included 32 participants. Of the six comparisons
in the two studies, all six showed a beneficial effect of physical activity on quality of life but only one of
the six achieved statistical significance. Kawanishi and Greguol199 included 11 studies, 6 cross-sectional
and 5 experimental studies (4 pre-post, 1 RCT that was also one of the two studies in Bochkezanian et
al195), with a total of 634 individuals.199 Five of the six cross-sectional studies and four of the five
experimental studies reported positive associations, but no quantification was provided. Therefore,
although these two systematic reviews describe generally positive associations between greater
participation in physically active endeavors and greater perceived quality of life, life-satisfaction, or
functional independence irrespective of the SCI level or ASIA classification, the evidence is weak.
For additional details on this body of evidence, visit: https://health.gov/paguidelines/secondedition/report/supplementary-material.aspx for the Evidence Portfolio.

Comparing 2018 Findings with the 2008 Scientific Report
The 2008 Scientific Report summarized the evidence that physical activity improves physical function
broadly in individuals with disabilities. The report found evidence across several types of disability that
physical activity reduces pain, improves fitness, improves physical function and improves quality of life.4
In contrast, Question 6 focused on one type of disability—spinal cord injury. This report located more
individual studies in individuals with SCI than were available for the 2008 Scientific Report,4 allowing
conclusions specific for SCI and more precise quantification of effects of physical activity. Moderate
evidence now indicates that physical activity improves physical function specifically in individuals with
SCI. Also specific for SCI, this report found limited evidence that physical activity opposes the elevated
2018 Physical Activity Guidelines Advisory Committee Scientific Report

F10-87

Part F. Chapter 10. Individuals with Chronic Conditions
risk of CVD in individuals with SCI, limited evidence that physical activity improves shoulder pain, and
limited evidence for benefits of physical activity on HRQoL.

Public Health Impact
This evidence review documents that benefits of physical activity in individuals with chronic conditions
extend beyond common age-related chronic conditions such as osteoarthritis and type 2 diabetes. SCI
has a different pathogenesis even when compared to other chronic neurological conditions, and yet
evidence of limited to moderate strength indicates benefits of physical activity extend to individuals
affected by SCI. Notably, these benefits appear to accrue in individuals with both recent (≤12 months)
and older (>12 months) injuries, and occur across a range of injury severity. Overall, this review is
important to understanding the breadth of beneficial effects of physical activity on health. As about half
of individuals with SCI are estimated to have no leisure-time physical activity,207 the review emphasizes
the importance of public health strategies for promoting physical activity in individuals with disabilities.

Question 7. In individuals with intellectual disabilities, what is the relationship
between physical activity and: (1) risk of co-morbid conditions, (2) physical
function, and (3) health-related quality of life?
Sources of evidence: Systematic reviews, meta-analyses

Conclusion Statements

Risk of Co-morbid Conditions
Insufficient evidence is available to determine the relationship of physical activity with risk of comorbid
conditions in individuals with intellectual disabilities. PAGAC Grade: Not assignable.

Physical Function
Limited evidence suggests that physical activity improves physical function in children and adults with
intellectual disabilities. PAGAC Grade: Limited.

Health-related Quality of Life
Insufficient evidence is available to determine the relationship of physical activity with health-related
quality of life in individuals with intellectual disabilities. PAGAC Grade: Not assignable.

Review of the Evidence
Intellectual disability is historically defined by significant cognitive deficits, most commonly an IQ score
of below 70 (two standard deviations below 100, which is the mean IQ of the general population),
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significant deficits in functional skills, and reduced adaptive skills to carry out age-appropriate activities
of daily life. The Diagnostic and Statistical Manual of Mental Disorders defines intellectual disabilities as
neurodevelopmental disorders beginning in childhood and characterized by intellectual difficulties, as
well as difficulties in adaptive functioning in conceptual, social, and practical areas of living.208 When the
definition of intellectual disability is based only upon IQ, the prevalence of intellectual disability has
been historically 2 to 3 percent of the U.S. population. However, a prevalence of 1.37 percent in children
and a prevalence of about 1 percent of the total population are more consistent with the contemporary
DSM-5 definition.208-210 Down syndrome, which occurs in 1 of every 700 births, is the most common
genetic cause, with more than 250,000 individuals in the United States affected and prevalence rising, in
part due to a major increase in lifespan to a mean of 60 years in age.211 A majority of the systematic
reviews and meta-analyses in this report focused either exclusively or primarily on children and/or
adults with Down Syndrome.

Risk of Co-morbid Conditions
The one systematic review available examined co-morbid conditions among individuals with intellectual
disabilities.212 The systematic review included 20 studies and covered a timeframe from 1980 to May
2013. The studies examined aerobic exercise and muscle-strengthening activities. Aerobic activities
included running, jogging, soccer, basketball, and dancing. Studies assessed a variety of co-morbid
conditions, including different types of challenging behaviors and hyperactivity.

Evidence on the Overall Relationship
Only 2 of the 20 studies had a control group; 5 were case reports involving a total of 5 individuals with
intellectual disability, and the remaining 13 studies included a total of 53 participants. The review
showed a small significant beneficial effect consisting of a mean behavioral improvement of 30.9
percent (95% CI: 25.0-36.8) signifying a decrease in challenging behaviors based on observational ratings
or questionnaires scoring aggressive/destructive, self-injurious, hyperactive, and stereotypical
behaviors. However, the Subcommittee was unable to grade the relationship between physical activity
and co-morbid conditions because of limitations in experimental design, with few controlled studies and
small sample sizes.

Physical Function
One meta-analysis213 and two systematic reviews214, 215 were available to assess the relationship
between physical activity and physical function among individuals with intellectual disabilities.
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The Valentín-Gudiol et al213 meta-analysis of 7 studies included 175 children younger than age 6 years of
age with Down syndrome, cerebral palsy, developmental delay, or at moderate risk for developmental
delay. The review studied the effects of treadmill locomotor training on walking function and gross
motor function, and in a subset of 30 children with Down syndrome, the age of independent walking
onset.
The Hardee and Fetters214 systematic review used 19 studies published up to March 2016 to assess
effects in 428 children and adults ages 3 to 66 years with Down syndrome. The review examined
traditional exercise programs (e.g., aerobic and/or muscle-strengthening training) and non-traditional
exercise programs (e.g., bike riding, dancing, swimming, judo) on a function domain (e.g., strength and
endurance) and an activity domain (e.g., gross motor activity tests) using appropriate tests by age group
(<18 years and ≥18 years).
The Bartlo and Klein215 systematic review examined the relationship of physical activity and physical
function (walking and balance) using 11 studies over the interval 1990 to 2010 in 310 adults ages 21 to
64 years with intellectual disability.

Evidence on the Overall Relationship
In the systematic reviews,214, 215 a variety of physical activity modalities were associated with small
improvements in walking velocity in adults. These improvements were typically on the order of 10 to 11
percent. Measures of balance scores increased across a range of 10 percent to 25 percent. However,
meta-analyses were not available to determine effects sizes due to variability in the outcome measures
used and small sample sizes. In children, a variety of physical activities significantly improved some
physical function measures, including walking velocity and Timed Up and Go test.214 However, no metaanalyses were available to examine effect sizes due to the large variability in outcome measures and
small sample sizes. Treadmill locomotor training in children resulted in a small positive effect on walking
velocity (MD=0.23; 95% CI: 0.08-0.37). A subset analysis in 30 children with Down syndrome showed
earlier age of independent walking onset (MD=-4.00; 95% CI: -6.96 to -1.04), improved walking skills in
children with developmental delay and gross motor skills in children with cerebral palsy. Thus, limited
evidence suggests that, in children and adults with intellectual disability primarily associated with Down
syndrome, greater physical activity improves walking, balance, and gross motor skills. The findings and
conclusions, though limited by experimental design issues, provide a promising consistency that greater
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physical activity can produce significant and meaningful improvements in mobility function that are of
similar magnitude to those we report for other chronic disability populations in this report.

Health-related Quality of Life
One systematic review of 11 total studies covering a timeframe from 1990 to January 2010 examined
relationships between physical activity and health outcomes, including HRQoL in adults with intellectual
disabilities, primarily Down syndrome.215 This study assessed the effects on balance, strength, and
cardiovascular fitness of physical activity programs using different modalities, including walking, bicycle
ergometer, muscle strengthening, stepping activities, elliptical training, rowing, balance activities,
dancing, and plyometric activities. A second systematic review of 11 studies covering a timeframe from
1978 to 2016 examined relationships between greater physical activity and health outcomes, including
HRQoL, in children and adults with Down syndrome.214

Evidence on the Overall Relationship
The systematic review in adults included one study in which aerobic training was associated with a
significant 50 percent improvement in HRQoL scores and one study that resulted in a small but
significant positive effect in life satisfaction.215 In the systematic review including children and adults
with Down syndrome, greater physical activity was associated with increased life satisfaction scale in
one study, and improved participation in social and environmental activities in five of eight studies
examining this outcome. Both outcomes have been related to HRQoL in this population.214 However, no
other significant changes in HRQoL outcomes were reported. Collectively, these findings in a small
number of studies are insufficient to establish a grade for the relationship between physical activity and
HRQoL for children and adults with intellectual disabilities.
For additional details on this body of evidence, visit: https://health.gov/paguidelines/secondedition/report/supplementary-material.aspx for the Evidence Portfolio.

Comparing 2018 Findings with the 2008 Scientific Report
The 2008 Scientific Report summarized the evidence that physical activity improves physical function
broadly in individuals with disabilities.4 In contrast, this question focused on one type of disability—
intellectual disability. The evidence review located many more individual studies in the sources of
evidence than were available for the 2008 Scientific Report,4 allowing a conclusion specific for
intellectual disability. Limited evidence now suggests that physical activity improves physical function
specifically in individuals with intellectual disabilities. This conclusion applies to both children and adults
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and generalizes to more types of physical activity than just aerobic activity. Some reviews included
studies of individuals with intellectual disabilities other than Down syndrome, and provided quantitative
estimates of the effects of physical activity. In particular, the finding applies to children with
developmental delay, in which greater physical activity has potential to improve walking velocity and
lower the age of walking onset.

Public Health Impact
Individuals with intellectual disabilities represent an important and growing population in the United
States. Increased prevalence is due in part to increasing longevity for many intellectual disability
populations. For Down syndrome, the mean lifespan has risen from 25 in 1983 to a current mean of 60
years in age.216 The profiles of disability change with aging, typically with delayed motor development in
younger years, followed by increasing disability across adulthood that becomes multi-factorial due to
changes resembling accelerated aging in many sensory systems, and early onset Alzheimer’s Disease.217
The emerging evidence is that greater physical activity has benefits across the lifespan, improving
walking function and hastening earliest age of walking onset in children with developmental delay. In
adults, a diversity of physical activity modalities is associated with improved walking and gross motor
function. Such diversity in physical activity modalities brings choices and many avenues for participation,
helping to overcome the many barriers that currently limit the more than 70 percent of adults with
disabilities who do not engage in health and wellness programs.218

NEEDS FOR FUTURE RESEARCH
This section is organized into two parts. First, five cross-cutting needs for research are discussed that
integrate similar research needs relevant to more than one chronic condition (involving conditions
reviewed by this chapter or chronic conditions generally). Then, research needs specific to each chronic
condition are listed. Research needs within each topic area are listed in order of priority.

Priority Research Needs on Preventive Effects of Physical Activity in Individuals
with Chronic Conditions
For the five research priorities in this section, research designs should generally include and compare
self-report and device-based measures of physical activity. All the questions in this chapter found
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insufficient evidence to determine whether method of measurement of physical activity influences
reported relationships between physical activity and health outcomes.
1. Conduct research on how characteristics of aerobic activity, muscle-strengthening activity, balance
training, and combined activity (e.g., dose, duration, intensity, frequency, and type) influence the
relationship between physical activity and health outcomes in individuals with chronic conditions.
Rationale: A basic element of public health recommendations in physical activity is to specify the
frequency, duration, intensity, types, and amounts of physical activity that provide health benefits.
Hence, it is remarkable that the reviews of this chapter provided so few data on how these
characteristics of physical activity influence health effects. For example, in osteoarthritis, no reviews
were located comparing the relative effects of different types of physical activity or of different
amounts of physical activity. Yet this chapter has some provocative findings illustrating the
importance of research in this area. For example, in type 2 diabetes, research indicated (1) musclestrengthening activity and aerobic activity have independent effects on hemoglobin A1C (indicating
the importance of combined activity), and (2) vigorous-intensity activity is more efficient in lowering
hemoglobin A1C (larger effect on hemoglobin A1C for a given volume of aerobic activity) than
moderate-intensity activity. The increased interest in health benefits of light-intensity activity makes
it an even higher priority to conduct randomized trials comparing different intensities and types of
physical activity, and to conduct long-term cohort studies that provide dose-response data. For
uncommonly performed types of activity (e.g., balance training), cohort studies are not feasible, so
dose-response randomized trials are needed. To some extent, such as in individuals with
hypertension, studies are needed to understand how characteristics of physical activity influence
acute physiologic and health effects of activity.
2. Conduct research in individuals with chronic conditions on the effects of physical activity in reducing
risk of developing additional chronic conditions (co-morbidities).
Rationale: The introduction of this chapter explains the public health importance of preventing
multiple chronic conditions. In essence, as the number of chronic conditions afflicting a person
increases, generally physical function worsens, health-related quality of life decreases, and cost of
medical care increases. Despite a broad search for preventive effects of physical activity on reduced
risk of any co-morbid condition, this chapter could make only a few conclusions related to
prevention of co-morbidity. This lack of evidence is despite higher risk of co-morbid conditions in
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some chronic diseases, as illustrated by the higher risk of cardiovascular disease in individuals with
spinal cord injury. Whereas the incidence of a few chronic conditions may be high enough to study
in randomized controlled trials, generally prospective cohort studies are needed of long-term effects
of physical activity on risk of common co-morbidities.
3. Conduct research on the secondary prevention effects of physical activity in individuals with chronic
conditions, that is, research on how physical activity reduces risk of progression of the chronic
condition and mitigates the effects of the chronic condition on physical function and health-related
quality of life.
Rationale: The amount of information located on secondary prevention by the evidence reviews
varied substantially by chronic condition. Except for osteoarthritis, in individuals affected by the
chronic conditions of this chapter, high-quality randomized controlled trials of effects of exercise on
physical function and health-related quality of life are needed, including longer term studies (e.g., 46 months) that have adequate statistical power. For effects of physical activity on progression,
generally prospective cohort studies are needed. For example, cohort studies are needed on effects
of physical activity in type 2 diabetes on risk of neuropathy, nephropathy, retinopathy, and foot
disorders.
4. Conduct systematic and coordinated randomized controlled trials on the health effects of tai chi,
qigong, and yoga in individuals with chronic conditions.
Rationale: With one exception (osteoarthritis), the evidence for health benefits of tai chi, qigong,
and yoga was rated as insufficient by the evidence reviews of this chapter. Although randomized
controlled trials of these forms of physical activity were located, often they were few in number,
small, and/or of low methodologic quality. Although higher quality randomized controlled trials of
these types of physical activity are a priority, it is important that such trials be conducted in a
systematic and coordinated fashion. Currently, the types and forms of these physical activity types
studied in trials vary substantially, as do reported effects. Public health guidelines need to specify
details about physical activity—in this case for each exercise type, to specify the specific movements
and minimal dose that are effective in improving health. Such information is not currently available,
and systematic and coordinated randomized controlled trials are necessarily to provide this
information.
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5. Conduct research on whether or not individual characteristics influence the effects of physical
activity interventions on health outcomes in individuals with chronic conditions.
Rationale: The evidence reviews of this chapter found little information on whether or not the
effects of physical activity vary by individual characteristics, such as age, sex, race/ethnicity, body
weight, socioeconomic status, and severity of the chronic condition. The importance of such
information is illustrated by findings in type 2 diabetes. The evidence suggested effects of physical
activity on hemoglobin A1C were larger in individuals with the highest levels of hemoglobin A1C,
thus emphasizing those at higher risk of progression with more severe disease were not less likely to
benefit from physical activity. From the standpoint of evidence needed for public health guidelines,
this is a lower priority need for research because beneficial effects of physical activity have been
demonstrated across a wide variety of populations. However, it is desirable for prevention
guidelines be appropriately tailored to individuals. Thus, this topic remains a research priority.

Priority Research Needs on Preventive Effects of Physical Activity in Individuals
with a Specific Chronic Condition
Question 1: Cancer Survivors
6. Continue long-term follow-up of cohorts of cancer survivors, with repeated self-report and devicebased measures of physical activity, to determine long-term effects of physical activity on
recurrence and survival.
Rationale: Although survival from breast cancer is improving, the risk of mortality continues for 20
years or more, especially for women with hormone receptor positive tumors. Survival from prostate
cancer tends to be long-term for most men, but for some, progression occurs in spite of optimal
treatment. Furthermore, many men with prostate cancer have increased risk for cardiovascular
disease, and the primary cause of death in these patients is cardiovascular disease. Therefore, the
effect of physical activity on long-term all-cause mortality in prostate cancer survivors will need to
be assessed. Colorectal cancer survival is increased with lower stage at diagnosis, and many
individuals survive long-term. However, little is known about effects of physical activity on long-term
colorectal cancer survival. Continued follow-up of large cohorts will allow for identification of
individuals with less common cancers, who can then be followed to determine associations between
physical activity level and survival from these other cancers.
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7. Conduct randomized controlled trials and cohort studies of physical activity and cancer survival,
recurrence, and second primary cancer, aimed at eliminating effects of possible confounders.
Rationale: Treatment type, adherence, and completion are strong predictors of cancer outcomes
and can reduce physical activity levels. Fatigue from the cancer and its treatments can reflect
adverse clinical processes, and can also reduce physical activity interest and ability. Therefore,
randomized controlled trials to test the effect of physical activity on survival, recurrence, and second
primary cancer are needed. In addition, cohort studies with appropriate adjustment for clinical
sources of confounding can provide additional information, especially if randomized controlled trials
are not feasible.
8. Conduct prospective cohort studies and randomized controlled trials to determine effects of
physical activity on cancer survival, recurrence, and second primary cancer in understudied groups,
such as survivors from diverse races, ethnicities, and socioeconomic groups; individuals with
metastatic cancer; men with breast cancer; individuals with cancers other than breast, colorectal,
and prostate cancer; and patients treated with cardiotoxic drugs (such as doxorubicin and
trastuzumab), radiotherapy, and hormonal treatments.
Rationale: Few studies have investigated the effects of physical activity on cancer prognosis and
survival within specific race, ethnic, or socioeconomic groups. Some of these groups have high risk
for poor survival, and are also less likely to meet recommended levels of physical activity. Therefore,
determining whether physical activity can improve survival and reduce recurrence and second
primary cancers in specific groups is important. Patients treated with cardiotoxic drugs,
radiotherapy, or hormonal therapies may have increased risk for cardiac events; it is not known
whether physical activity could be cardioprotective in such patients, or whether some forms of
physical activity could increase risk of cardiac events.

Question 2: Osteoarthritis
9. Conduct prospective cohort and longer-term randomized controlled trials on osteoarthritis disease
progression, with device-based measures used to quantify physical activity exposures and with
molecular and imaging disease status biomarkers as outcomes.
Rationale: There is great confusion in the field on whether physical activity and exercise causes
osteoarthritis in the absence of underlying injury and whether specific physical activity and exercise
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exposure amounts and intensities lead to disease progression. Studies are needed to address these
critical issues. Because it takes years for disease activity to result in structural, detectable
radiographic changes in the joint, sophisticated imaging modalities, such as magnetic resonance
imaging, and biological biomarkers of disease activity (circulating systemic or intra-articular) are
required to measure the outcomes.
10. Conduct research to clarify how osteoarthritis progression is modified by baseline demographic and
disease characteristics.
Rationale: For the outcome of disease progression induced by physical activity, some evidence
suggests that baseline disease status plays a role in modifying the effect of physical activity, but this
role has not yet been fully explained. In addition, although a relationship between body mass index
and osteoarthritis is generally recognized, no studies have investigated through meta-analyses
whether body mass index modifies the physical activity-osteoarthritis relationship.
11. Conduct direct head-to-head comparisons of the relative effectiveness of physical activity and
analgesics for pain control in individuals with osteoarthritis.
Rationale: The current of the literature revealed that the effect sizes of pain control for exercise
therapy is very similar to that of analgesics, including narcotic analgesics.54 If true, this would be a
critical observation with profound implications for patient care, especially as the effects of physical
activity on osteoarthritis-related pain seem to be durable for up to six months following cessation of
an intervention. Determining the comparative effects of physical activity and analgesics on
osteoarthritis pain could contribute greatly to effective clinical management of osteoarthritis.

Question 3: Hypertension
12. Conduct research in people with hypertension on the relationships among physical activity and risk
of co-morbid conditions, physical function, health-related quality of life, and cardiovascular disease
progression and mortality, which compares effects of physical activity in African Americans to
effects in other racial/ethnic groups.
Rationale: Due to the disproportionate burden of hypertension among African Americans, large
trials are needed that are sufficiently powered to perform stratified analyses between African
Americans and other racial/ethnic groups. Gaining this information will inform public health
recommendations about demographic characteristics that influence the relationship between
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physical activity and blood pressure, and provide insight into the populations that will experience
the greatest cardiovascular health benefits from physical activity.
13. Conduct research that discloses the standard criteria and methods that were used to determine the
blood pressure status of the study sample to better isolate samples with hypertension from those
with normal blood pressure and prehypertension.
Rationale: Limited evidence suggests the magnitude of the blood pressure response to physical
activity varies by resting blood pressure level, with the greatest blood pressure reductions occurring
among adults with hypertension that have the highest resting blood pressure levels. Study sample
often include mixed samples of adults with hypertension, prehypertension, and normal blood
pressure, and findings are frequently not reported separately by blood pressure classification.
Consistent with the law of initial values, this practice underestimates the antihypertensive benefits
of physical activity. Reporting findings by blood pressure classification will inform public health
recommendations on the magnitude and precision of the blood pressure reductions that result from
physical activity among adults with hypertension.
14. Conduct research that discloses and quantifies medication use, particularly antihypertensive
medication use among samples with hypertension.
Rationale: Medication use is poorly reported and is a significant confounder in interpreting the
clinical significance of the blood pressure response to physical activity. In addition, evidence is
lacking on the interactive effects of physical activity and antihypertensive medication use, another
important clinical outcome on that has insufficient evidence. Gaining this information is important
to determine whether the influence of physical activity on blood pressure varies by antihypertensive
medication use.

Question 4: Type 2 Diabetes
15. Conduct randomized controlled trials comparing the effects of shifting time from sedentary behavior
to low-intensity aerobic activity, moderate-intensity aerobic activity, low-intensity musclestrengthening activity, and moderate-intensity muscle-strengthening activity on indicators of risk of
progression of type 2 diabetes.
Rationale: Evidence is growing of the benefits of reducing sedentary behavior, particularly in
individuals with chronic conditions affecting metabolic health. Research is needed on whether
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shifting sedentary time to light-intensity activities affects progression of type 2 diabetes. If lightintensity activities are beneficial, it is important to compare the efficiency and effectiveness of lightintensity versus moderate-intensity activity. Given the well-documented health benefits of shifting
time to moderate-intensity aerobic and muscle-strengthening activities, randomized controlled trials
are needed that answer questions such as: Does it require shifting, say, 2 to 3 hours from sedentary
to light-intensity activity to obtain the same benefits? Or does it take more like 6 to 8 hours?
16. Conduct randomized controlled trials of fall prevention exercise in adults with type 2 diabetes who
are at increased risk of falls and fall injuries.
Rationale: A major finding in the Older Adults chapter (see Part F. Chapter 9. Older Adults) is that fall
prevention exercise programs can substantially reduce risk of serious fall injuries in the general
aging population. However, the risk factor profile for falls in adults with type 2 diabetes may differ
substantially from the profile in the general population, due to effects specific to type 2 diabetesrelated on fall risk factors (e.g., neuropathy, myopathy, impaired vision, and foot disorders). The
search for evidence located one small review of fall prevention programs in type 2 diabetes. Thus,
RCTs are needed on effects of fall prevention exercise in individuals with type 2 diabetes at
increased fall risk.

Question 5: Multiple Sclerosis
17. Conduct randomized controlled trials to determine the effects of physical activity on basic and
instrumental activities of daily living, participation, and community engagement for individuals with
multiple sclerosis.
Rationale: Strong evidence now exists that greater physical activity can improve walking function,
strength, and fitness for individuals with multiple sclerosis. This supports a rationale for further
research to determine whether this translates into improved basic and instrumental activities of
daily living, increased free-living physical activity, and improved safety in mobility.
18. Conduct longitudinal cohort studies to determine the potential for physical activity to serve as a
moderator of disease progression and changes in brain health in individuals with multiple sclerosis.
Rationale: Systematic reviews of controlled studies find no evidence that physical activity alters
disease progression, in contrast to epidemiological studies that indicate possible disease-modifying
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effects.165 However, these controlled studies are limited by relatively brief intervention lengths,
small sample sizes, and lack of measures of brain disease activity; factors that multi-site studies of
disease-modifying medications show are needed to fully explore the natural history of multiple
sclerosis. This discrepancy between epidemiological and controlled studies, and bench neuroscience
findings that physical activity can provide neuroprotective effects and stimulate neuroplasticity,
including for brain white matter, support a rationale for further research into disease modification.

Question 6: Spinal Cord Injury
19. Conduct randomized controlled trials in children and adolescents with spinal cord injury to
determine effects of physical activity on psychosocial and social environmental development and
participation.
Rationale: A knowledge gap exists regarding health benefits in this population, which differs from
adults in terms of mechanisms for injury and greater potential for neuroplasticity and recovery.
Future research in pediatric spinal cord injury is needed to determine age-appropriate modalities
and prescriptions for physical activity to facilitate recovery of mobility, optimize functional recovery
and independence in daily activities, prevent or reduce comorbid and secondary complications, and
optimize psychosocial and psychological development across the formative childhood and
adolescent years.
20. Conduct research in individuals with spinal cord injury to determine effects of physical activity on
basic and instrumental activities of daily living, free-living physical activity, social participation and
engagement, balance and risk for injurious falls and fractures.
Rationale: The evidence in this report that selected modes of physical activity can produce clinically
significant improvements in physical function supports a rationale for randomized studies to
determine whether such gains translate into improved daily function, participation, and
engagement in activities in the living space and social environment. Systematic analyses of
relationships between age, race/ethnicity, socioeconomic status, and weight status need to be built
into all such research recommendations. Generally, randomized controlled trials are necessary to
address the research need.
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Question 7: Intellectual Disabilities
21. Conduct randomized controlled trials to determine the effects of physical activity on cognitive
function, neurodevelopmental profiles, instrumental activities of daily living, and adaptive
functioning that are related to neuropsychological status in individuals with intellectual disabilities.
Rationale: Only limited evidence is available on the effects of physical activity on four important
outcomes in people with intellectual disabilities: cognitive function, neurodevelopmental profiles,
instrumental activities of daily living, and adaptive functioning. Randomized studies are needed to
determine whether physical activity can improve cognition for individuals with intellectual
disabilities across the age spectrum. Likewise, future research is needed to investigate effects of
greater physical activity on neurodevelopment and adaptive functioning. In addition, research
should also consider these broader outcomes in an age- and intellectual disability-specific fashion.
22. Conduct randomized controlled trials and cohort studies on effects of physical activity in individuals
with a variety of etiologies for intellectual disabilities, and determine whether health effects vary by
age, race/ethnicity, socioeconomic status, and weight status.
Rationale. As the most common genetic cause of intellectual disability in the United States, Down
syndrome has received the most research attention. Major gaps exist on the potential health
benefits of physical activity in most other conditions, including autism spectrum disorder and
autistic traits, Fragile X syndrome, tuberous sclerosis, neurologic sequelae of toxins (e.g., alcohol,
lead), maternal and fetal infections, and nutritional deficiencies (e.g., iodine, protein-calorie
malnutrition), and neurological sequelae associated with prematurity. Future research is needed to
address race/ethnicity, socioeconomic status, and weight status as factors that influence
relationships between physical activity and health outcomes for individuals with disabilities.
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