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Abstract

Background: Physical activity is central to the management and control of many chronic health 

conditions. We examined trends during the past two decades in the prevalence of US adults 

with and without select chronic health conditions who met the minimal aerobic physical activity 

guideline.

Methods: 1998–2018 National Health Interview Survey data were analyzed. Prevalence of 

meeting the minimal aerobic physical activity guideline among adults with and without six chronic 

health conditions were estimated across 3-year intervals. Linear and higher-order trends were 

assessed overall and by age group.

Results: During the past two decades, prevalence of meeting the aerobic guideline increased 

among adults with diabetes, hypertension, coronary heart disease, stroke, cancer, and arthritis. 

However, the absolute increase in prevalence was lower among adults with hypertension, 

coronary heart disease, and arthritis compared to counterparts without each condition, respectively. 
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Prevalence was persistently lower among those with most chronic health conditions, except cancer 

and among older adults compared to their counterparts.

Conclusions: Although rising trends in physical activity levels among adults with chronic 

health conditions are encouraging for improving chronic disease management, current prevalence 

remains low, particularly among older adults. Increasing physical activity should remain a priority 

for chronic disease management and control.
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Introduction

Physical activity is a cornerstone in the management and control of many chronic health 

conditions.1 The Physical Activity Guidelines for Americans, 2nd edition (Guidelines) 

recommend that adults with chronic health conditions, who are able, should participate in at 

least 150 minutes a week of moderate-intensity, or 75 minutes a week of vigorous intensity 

aerobic physical activity, or an equivalent combination of both.2 Despite efforts to promote 

physical activity for the management and control of chronic health conditions, physical 

activity levels have been historically low among adults with these conditions, particularly 

when compared to those without them.3–6

In addition to the health benefits of physical activity being recognized in national public 

health guidelines2, multiple professional and community organizations have integrated 

participation in physical activity into clinical management and support through community 

programming. For example, the American College of Sports Medicine, American College 

of Cardiology, American Cancer Society, American Diabetes Association, and American 

College of Rheumatology have recommended physical activity as part of clinical 

management for many chronic health conditions.7–11 To help adults with such chronic 

health conditions be more physically active, evidence-based, programmatic, clinical and 

community interventions (e.g., cardiac rehabilitation, Livestrong at the YMCA, and Walk 

with Ease) that include physical activity promotion have been developed specifically for 

adults with certain chronic health conditions.12–17 In general, such programs often tend to 

focus on aerobic physical activity promotion.

Previous studies assessing trends and patterns of aerobic physical activity among those with 

chronic health conditions have typically been cross-sectional or limited to shorter periods.3–6 

Understanding longer-term trends of physical activity levels among individuals with specific 

chronic health conditions is important for several reasons. For example, such trends can help 

place changes in context of key milestones achieved in the field of physical activity and 

public health during the past two decades, which have focused on adults with chronic health 

conditions, such as the release of the first federal physical activity guidelines.18 Examining 

trends among specific age groups, such as older adults, can help to monitor progress among 

populations for which relevant public health interventions are implement, when possible, 

and identify opportunities to enhance interventions that are based on population-specific 

needs.
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The National Health Interview Survey (NHIS) is a key surveillance system for monitoring 

national physical activity levels in the United States.19 The NHIS provides a unique 

opportunity to examine trends in the prevalence of meeting physical activity guidelines 

from 1998 to 2018; the survey methodology and the questions assessing aerobic physical 

activity and chronic health conditions have remained mostly unchanged during that period. 

Therefore, we used 1998–2018 NHIS data to assess trends in prevalence estimates of 

US adults (overall and by age group) who meet the minimal aerobic physical activity 

guideline among those with and without select chronic health conditions. Although the 

Guidelines recommend that adults with chronic conditions participate in both aerobic and 

muscle-strengthening physical activity2, most programmatic interventions tend to primarily 

promote aerobic physical activity. As such, our study focused on aerobic physical activity 

although both types of activity are important. Findings can help guide efforts to increase 

availability and participation in clinical and community programs and interventions that 

promote physical activity, specifically among adults with certain chronic health conditions.

Methods

Survey Design

The NHIS is an ongoing, multistage probability sample of US households designed to be 

representative of the civilian, noninstitutionalized US population. The NHIS collects basic 

health and demographic information from all family members and additional information, 

such as information about leisure-time physical activity, from one randomly selected adult 

(aged ≥18 years). From 1998 to 2018, sample sizes of sample adults ranged from 21,781 

(2008) to 36,697 (2014), and response rates ranged from 53.0% (2017) to 74.3% (2002).20 

Further information about the NHIS survey is available elsewhere.21

Aerobic Physical Activity

Respondents were asked two series of questions that assessed how often during leisure 

time they participated, for 10 or more minutes at a time, in the following: (1) vigorous-

intensity activities that cause heavy sweating or large increases in breathing or heart rate; 

and (2) light- or moderate-intensity activities that cause only light sweating or slight to 

moderate increases in breathing or heart rate. Respondents provided both frequency of their 

participation (per day, week, month, or year) and duration of each session (minutes or 

hours). Total leisure-time physical activity was calculated as weekly minutes of moderate-

intensity physical activity plus twice the reported minutes of vigorous-intensity physical 

activity (moderate-intensity equivalent minutes).2 Respondents were classified as meeting 

the minimal aerobic guideline if they reported 150 or more minutes per week of moderate-

intensity equivalent physical activity.2 Questions regarding muscle-strengthening physical 

activity were asked separately although they were not included in this analysis.

Chronic Health Conditions

Chronic health conditions were selected for this analysis if (1) data were available in 

NHIS and (2) evidence-based recommendations for physical activity as part of disease 

management and control have been established. In most years during 1998–2018, NHIS 

respondents were asked if they had ever been told by a doctor or other health professional 
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that they had diabetes or sugar diabetes (other than during pregnancy); hypertension (also 

called high blood pressure); angina (also called angina pectoris); heart attack (also called 

myocardial infarction); coronary heart disease; stroke; cancer or a malignancy of any kind; 

or some form of arthritis, rheumatoid arthritis, gout, lupus, or fibromyalgia. Respondents 

were classified as having diabetes, hypertension, stroke, cancer, or arthritis if they responded 

yes to the corresponding questions for each of these conditions. Respondents were classified 

as having coronary heart disease if they responded yes to any of the questions regarding 

angina, heart attack, or coronary heart disease. The current version of the arthritis question 

was first consistently asked in 2001, so analyses for that condition were limited to 2001–

2018.

Analytic Sample

From an initial sample of 635,580 respondents, 14,966 were removed because of missing 

aerobic physical activity data. Respondents with missing data for each condition (diabetes, n 

= 9,360; hypertension, n = 853; coronary heart disease, n = 1,170; stroke, n = 620; cancer, 

n = 566; arthritis, n = 868) were excluded only for condition-specific analyses. Because 

of sample size limitations for certain chronic health conditions, data were grouped into 

3-year intervals: 1998–2000, 2001–2003, 2004–2006, 2007–2009, 2010–2012, 2013–2015, 

and 2016–2018.

Statistical Analyses

Our study estimated the prevalence and 95% confidence intervals (CIs) of US adults 

with and without each of the six chronic health conditions, respectively (i.e., diabetes, 

hypertension, coronary heart disease, stroke, cancer, and arthritis), who met the minimal 

aerobic physical activity guideline for each 3-year interval. Prevalence was estimated overall 

and by age category (18–34, 35–64, and ≥65 years). Overall estimates were age-standardized 

to the 2000 US adult population using five age groups (18–24, 25–34, 35–44, 45–64, and 

≥65 years), whereas age-specific estimates were not.22

Significant trends in meeting guidelines were identified by using orthogonal polynomial 

contrasts for all chronic health conditions across intervals from 1998–2000 to 2016–2018, 

except for arthritis, which was examined for 2001–2003 and 2016–2018. Absolute change 

in meeting guidelines was calculated across all chronic health condition status and age 

groups as the difference in prevalence between 2016–2018 and 1998–2000 (2001–2003 

for arthritis). Pairwise comparisons were used to assess whether the change in prevalence 

of meeting the minimal aerobic guideline between 1998–2000 (2001–2003 for arthritis) 

and 2016–2018 was significantly different between chronic health condition status groups 

(yes/no) and age groups among adults with each chronic health condition. Bonferroni 

adjustment was used to control for Type I error for the pairwise comparisons by age 

group. Estimates were suppressed for subgroups with a denominator sample size of less 

than 250. Before Bonferroni adjustment, P-values less than 0.05 were considered statistically 

significant. Analyses were conducted by using SUDAAN version 11.0 (Research Triangle 

Institute, Research Triangle Park, North Carolina) to account for the complex survey design 

and weighting and followed guidelines for combining data across years.20 This analysis was 
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exempt from institutional review board approval because the study was considered public 

health surveillance, and personal identifiers were not included in the data.

Results

In 1998–2000 and 2016–2018, age-standardized prevalence of diabetes was 5.7% and 9.2%, 

respectively (Table 1). The prevalence of hypertension was 23.1% and 28.8%, coronary 

heart disease was 5.8% and 5.6%, stroke was 2.2% and 2.8%, and cancer was 6.5% and 

8.4% across the same years. In 2001–2003 and 2016–2018, prevalence of arthritis was 

21.4% and 21.7%, respectively. From 1998–2000 and 2016–2018, prevalence of stroke 

and cancer increased linearly, and prevalence of diabetes, hypertension, and coronary heart 

disease increased nonlinearly. From 2001–2003 and 2016–2018, no significant trend in the 

prevalence of arthritis was observed. Trends across age groups were similar to trends in the 

overall prevalence for each chronic health condition, with some variation throughout (e.g., 

although the prevalence of diabetes increased nonlinearly overall and among those aged 

35–64 and ≥65 years, prevalence increased linearly among those aged 18–34 years).

In general, prevalence of meeting the minimal aerobic physical activity guideline was 

significantly lower among those with each condition compared to those without during 

most 3-year intervals, except for cancer (Figure, Table 2). For example, during 2016–

2018, prevalence was lower among adults with the following chronic health conditions 

compared to those without: diabetes (with: 43.5%; without: 55.1%), hypertension (with: 

47.6%; without: 56.6%), coronary heart disease (with: 39.6%; without: 54.4%), stroke (with: 

41.1%; without: 54.1), and arthritis (with: 48.9%; without: 55.4%). However, during 2016–

2018, prevalence was similar among adults with and without cancer (with: 53.1%; without: 

53.6%).

During the study period, prevalence of meeting the minimal aerobic physical activity 

guideline increased linearly among those with diabetes, hypertension, coronary heart 

disease, stroke, cancer, and arthritis (Figure, Table 2). Nonlinear trends were also present 

among those with hypertension and arthritis. The absolute change in prevalence of meeting 

the minimal aerobic physical activity guideline ranged from 6.2% among adults with 

coronary heart disease to 13.6% among adults with stroke. This increase was significantly 

lower among adults with hypertension (P = 0.003), coronary heart disease (P = 0.022), 

and arthritis (P = 0.009) compared to those without. For example, the absolute change in 

prevalence of meeting the minimal aerobic physical activity guideline from 1998–2000 and 

2016–2018 was lower among adults with coronary heart disease (6.2%) compared to those 

without (12.8%).

Similar patterns in trends in the prevalence of meeting the minimal aerobic physical activity 

guideline among adults with each chronic health condition were observed by age group, 

although, in general, older adults had a consistently lower prevalence of meeting the aerobic 

guideline than younger adults for all chronic health conditions (Table 2). For example, in 

2016–2018, prevalence of meeting the aerobic guideline was lowest among adults with 

diabetes who were aged 65 years or older (29.5%), followed by those who were aged 35–64 

years (37.7%) and those who were aged 18–34 years (55.9%). The absolute change in 
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prevalence of meeting the minimal aerobic physical activity guideline among adults with 

each chronic health condition also varied by age group, although no statistically significant 

differences in the absolute change were observed by age group.

Discussion

Over the past two decades, the prevalence increased of meeting the minimal aerobic 

physical activity guideline among adults with diabetes, hypertension, coronary heart disease, 

stroke, cancer, and arthritis. However, this change in prevalence was lower among adults 

with hypertension, coronary heart disease, and arthritis compared to those without, and 

physical activity levels remain persistently lower among those with each chronic health 

condition examined compared to those without, except for cancer. Similar trends were 

observed among different age groups, although older adults generally had a lower prevalence 

of meeting the aerobic guideline than younger adults. Although the increasing trends 

in physical activity levels among adults with chronic health conditions are encouraging, 

current prevalence estimates remain low23–25, and this is especially worrisome as the 

prevalence of many chronic conditions is rising. There are opportunities to promote aerobic 

physical activity for the management and control of several chronic health conditions and 

interventions that consider the unique needs of older adults.

Although previous studies have reported point estimates or short-term trends in physical 

activity levels among US adults with various chronic health conditions3–6, to our knowledge 

none have examined trends in estimates over a period as long as two decades and for 

this large number of chronic health conditions simultaneously. For example, a previous 

study examined trends in the prevalence of meeting the aerobic guideline among adults 

with arthritis by using NHIS data from 2008 to 2015.5 The study found this prevalence 

increased significantly during these 8 years, although it was persistently lower among 

adults with arthritis compared to those without.5 These findings are consistent with the 

observations in the present study, which essentially repeated this previous analysis over a 

longer time. In contrast, findings for trends in aerobic physical activity participation among 

adults with diabetes have been mixed. For example, a study examining Behavioral Risk 

Factor Surveillance System (BRFSS) data from 1996 to 2005 found that the percentage 

of people with diabetes who participated in physical activity did not increase over the 

study period while another study examining pooled data from BRFSS, NHIS, and the 

National Health and Nutrition Examination Survey from 1999–2004 to 2011–2016 found 

that the percentage of people with diabetes who participated in ≥150 minutes per week of 

leisure-time aerobic physical activity increased linearly over the study period.6, 26 Although 

obesity is another important chronic health condition for which physical activity plays a key 

role in its prevention and control, a separate study examined trends in physical activity levels 

by weight status categories by using NHIS data and found that the prevalence of meeting 

or exceeding the aerobic guideline increased among all weight status categories from 1998 

to 2018.27 Overall, our study contributes to the existing literature by examining national 

trends in physical activity participation among adults with chronic health conditions over 

two decades.
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Several chronic health conditions related to metabolic and cardiovascular health were 

included in this analysis, specifically diabetes, hypertension, coronary heart disease, and 

stroke. Our findings suggest that although the prevalence of meeting the minimal aerobic 

guideline increased over time among adults with each of these chronic health conditions, the 

prevalence is persistently lower among those with each chronic health condition compared 

to those without. Similar findings among those who were overweight and had obesity are 

reported elsewhere.27, 28 Moreover, in the present study, we observe that the change in 

prevalence of meeting the aerobic guideline during the past two decades was lower among 

adults with hypertension and coronary heart disease compared to those without. Taken 

together, these findings highlight important and ongoing opportunities to promote physical 

activity for chronic disease management to enhance metabolic and cardiovascular health.

To help meet these opportunities, health care providers can offer or refer adults who are 

overweight or have obesity, and who have known cardiovascular risk factors (including 

diabetes and hypertension), to behavioral counseling interventions to promote a healthful 

diet and physical activity, as recommended by the US Preventive Services Task Force 

(USPSTF).29 Lifestyle modification is also an integral component of management guidelines 

for diabetes and hypertension specifically, and data suggest that recommendations by 

clinicians can significantly influence patient behavior.8, 10, 30 The Community Preventive 

Services Task Force (CPSTF) also recommends social support interventions in community 

settings to increase physical activity.31 Patients can be referred to promising, community-

based, social support programs, such as Walk With a Doc.32

Patients with a diagnosis of heart disease or stroke may benefit from participation in the 

Chronic Disease Self-Management Program (CDSMP).33 This 6-week, community-based, 

self-management education program is designed to help participants gain confidence (self-

efficacy) and skills to better manage their chronic health conditions, and the program has 

been shown to increase participation in aerobic exercise even at 9 to 12 months of follow-

up.33 A similar program known as Diabetes Self-Management Education and Support is 

available to people with diabetes and includes physical activity as 1 of its 8 core content 

areas.34 Clinicians are also recommended to incorporate physical activity and exercise into 

the clinical management of patients who have had a cardiac event or stroke.12–15, 35 To 

achieve this, patients who have had a cardiac event can be referred to cardiac rehabilitation, 

which is an evidence-based, comprehensive, secondary prevention program that includes 

supervised exercise training, education, and skills development for heart-healthy living.12–15, 

36–41 Yet despite the known benefits of physical activity for cardiovascular health, referral of 

eligible patients to lifestyle modification programs and participation in cardiac rehabilitation 

programs remains low.42–47 Future research can help identify effective strategies to support 

clinicians and the health care sector to increase the implementation and effects of clinical 

and community interventions to optimize the use of physical activity for metabolic and 

cardiovascular health.

Participation in physical activity also has a central role in cancer management and control 

because physical activity is known to provide many health benefits to cancer survivors.2, 

7, 9, 48–50 Correspondingly, physical activity promotion is included as a key component 

of population-wide cancer control efforts.9 Various physical activity interventions among 
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cancer survivors have been developed and evaluated and are typically either clinic-based or 

home-based.49 Community-based programs have also been developed, such as Livestrong 

at the YMCA, a collaboration between YMCA of the USA and the LIVESTRONG 

Foundation.16 This 12-week physical activity program for cancer survivors has been 

shown to significantly improve physical activity levels, stamina, and quality of life among 

participants.51 Specifically, one study conducted among cancer survivors observed that 

71% of participants randomized to the Livestrong at the YMCA program reported 150 or 

more minutes per week of physical activity compared to 26% of participants randomized 

to a control group (P < 0.05).51 Interestingly, we observed that although the prevalence 

of meeting the minimal aerobic physical activity guideline increased among adults with 

cancer over the past 21 years, physical activity levels were similar between those with 

and without cancer. A previous study using 2005 and 2010 combined NHIS data observed 

that a lower percentage of cancer survivors met the aerobic physical activity guideline 

compared to adults without cancer.52 The differences between this observation and the 

present study are likely due to several differences in analytic methods, such as survey 

years used and inclusion/exclusion criteria.52 Future research may further examine the 

underlying reasons for the differences in physical activity patterns observed among adults 

with cancer compared to other chronic health conditions, along with the cumulative impact 

of co-occurring lifestyle-related chronic health conditions and corresponding relationship 

with physical activity.3, 53

We observed that the prevalence of meeting the minimal aerobic physical activity guideline 

over the past 18 years increased among adults with arthritis, which is consistent with a 

previous trend analysis conducted over a shorter but overlapping period.5 Despite these 

improvements, we also observed that the change in prevalence from 2001–2003 to 2016–

2018 was lower among adults with arthritis compared to those without. Several community-

delivered exercise programs that address joint pain, muscle weakness, and mobility 

limitations have been developed.17, 54–57 Such programs have been found to reduce pain, 

improve physical function, and reduce depressive symptoms and anxiety among adults with 

arthritis and other rheumatic diseases.58–60 Individuals with arthritis may also benefit from 

increased aerobic exercise by participating in the CDSMP.33 Despite these programmatic 

efforts and the increasing trends in physical activity participation among adults with arthritis, 

in 2017, physical inactivity was more prevalent among persons with severe joint pain than 

among those with less pain, suggesting ongoing opportunities for improvement.61

Age is an important variable to consider within this trend analysis because older adults 

are at higher risk of several chronic diseases and adverse outcomes, and they encounter a 

variety of unique barriers and motivators for physical activity participation.2, 62, 63 Although 

we observed increasing trends over time in the prevalence of meeting the aerobic guideline 

among adults aged 65 years or older with each chronic health condition, we also observed 

a persistently lower prevalence among older adults compared to younger adults. Our finding 

of persistently lower physical activity levels among older adults with each chronic health 

condition suggests that interventions intended to help older adults with chronic health 

conditions overcome barriers to physical activity participation may be especially impactful 

for chronic disease management and control.2 Although many community interventions that 

promote physical activity for chronic disease management have been designed specifically 
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for older adults, future research may seek to examine ways to increase their reach and 

impact.17, 54–57

Continued efforts to promote aerobic physical activity for the management of several 

chronic health conditions in the United States are needed and may be especially important 

because the prevalence of most chronic health conditions is also increasing. A concerted and 

coordinated effort to implement clinical and community interventions that include physical 

activity promotion and focus on adults with specific chronic health conditions can help 

meaningfully increase physical activity levels to better control chronic health conditions. 

Several national initiatives, including Active People, Healthy NationSM and Million Hearts®, 

aim to bring together multiple sectors critical to this effort.64, 65 In addition, relevant 

actions for specific populations and sectors are identified in key national reports, such 

as The Surgeon General’s Call to Action to Control Hypertension and Step It Up! The 
Surgeon General’s Call to Action to Promote Walking and Walkable Communities.66, 67 

In addition, access to physical activity resources for adults with specific chronic health 

may be particularly limited for certain groups who may encounter a variety of barriers. 

Future research examining underlying disparities and related barriers can various help 

inform effective solutions and improve equity in both access to supportive resources and 

physical activity participation. In addition, since our study focused on aerobic physical 

activity, future research may seek to examine similar trends in both the prevalence of 

meeting the muscle-strengthening guideline alone and the aerobic and muscle-strengthening 

guidelines combined since both types of activity are recommended for individuals with 

chronic conditions.2

Our study has several limitations and strengths. In terms of limitations, the study relied on 

cross-sectional data, making it difficult to rule out reverse causality between chronic health 

condition status and physical activity levels, as well as self-reported data, which are subject 

to recall, diagnosis, and social desirability biases.68 In addition, the NHIS asks respondents 

to report aerobic activity that occurred in bouts of at least 10 minutes.21 Although the 

2008 Physical Activity Guidelines for Americans included a bout minimum of at least 10 

minutes for the adult aerobic physical activity guideline, this requirement was removed in 

the 2nd edition of the guidelines.2, 18 However, data suggest that eliminating the 10-minute 

bout minimum may have little effect on physical activity estimates.69 This study’s primary 

strength lies in its analysis of 21 consecutive years of consistent NHIS physical activity data, 

which allows for examination of trends in meeting physical activity guidelines across two 

decades among age groups with a variety of chronic health conditions for which physical 

activity is an important modifiable behavior for disease management and control.

Conclusions

Although rising trends in physical activity levels among adults with chronic health 

conditions during the past two decades are encouraging for improving chronic disease 

management, current prevalence remains low, particularly among older adults. Increasing 

physical activity should remain a priority for chronic disease management and control.
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Figure. Trends in Meeting the Minimal Aerobic Physical Activity Guideline Among US Adults 
With and Without Select Chronic Health Conditions, United States, 1998–2018.
Estimates are age-standardized to the 2000 US adult population. *Significant linear trend 

(P < .05); **significant linear and quadratic trends (P < .05). Data source: National Health 

Interview Survey.
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