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Abstract

Background—~Regular physical activity elicits multiple health benefits in the prevention and
management of chronic diseases. We examined the mortality risks associated with levels of
leisure-time aerobic physical activity and muscle-strengthening activity based on the 2008
Physical Activity Guidelines for Americans among US adults.

Methods—We analysed data from the 1999 to 2004 National Health and Nutrition Examination
Survey with linked mortality data obtained through 2006. Cox proportional HRs with 95%

Cls were estimated to assess risks for all-causes and cardiovascular disease (CVD) mortality
associated with aerobic physical activity and muscle-strengthening activity.

Results—Of 10 535 participants, 665 died (233 deaths from CVD) during an average of 4.8-year
follow-up. Compared with participants who were physically inactive, the adjusted HR for all-cause
mortality was 0.64 (95% CI 0.52 to 0.79) among those who were physically active (engaging

in =150 min/week of the equivalent moderate-intensity physical activity) and 0.72 (95% CI 0.54

to 0.97) among those who were insufficiently active (engaging in >0 to <150 min/week of the
equivalent moderate-intensity physical activity). The adjusted HR for CVD mortality was 0.57
(95% C1 0.34 to 0.97) among participants who were insufficiently active and 0.69 (95% CI 0.43 to
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1.12) among those who were physically active. Among adults who were insufficiently active, the
adjusted HR for all-cause mortality was 44% lower by engaging in muscle-strengthening activity
>2 times/week.

Conclusions—Engaging in aerobic physical activity ranging from insufficient activity to
meeting the 2008 Guidelines reduces the risk of premature mortality among US adults.

Engaging in muscle-strengthening activity =2 times/week may provide additional benefits among
insufficiently active adults.

INTRODUCTION

The benefits of regular physical activity on physical and mental well-being have been
studied extensively. These benefits include promoting cardiorespiratory fitness and physical
functioning; maintaining healthy weight; improving insulin sensitivity and glycaemic
control; reducing risks for cognitive decline and chronic conditions including metabolic
syndrome, diabetes, cardiovascular disease (CVD), cancer and depression; and improving
self-perceived health and health-related quality of life.1> Moreover, the association between
physical activity and risk of mortality has been reported previously®- and regular physical
activity has been shown to be inversely associated with all-cause mortality in men and
women,1011

The 2008 Physical Activity Guidelines for Americans (2008 Guidelines) released by the

US Department of Health and Human Services recommends that all adults engage in a
minimum of 150 min/week of moderate-intensity physical activity, or 75 min/week of
vigorous-intensity physical activity or an equivalent combination of moderate-intensity and
vigorous-intensity physical activity.12 In addition, adults should perform two or more times a
week of muscle-strengthening activity of moderate-intensity or high-intensity that involve all
major muscle groups.1?

Currently, evidence of the relationship between meeting the 2008 Guidelines and mortality
risks is limited. A study using data from the National Health Interview Survey (NHIS)
showed that the mortality risk from all causes decreased significantly among adults who
adhered to the minimum 150 min/week of physical activity in accordance with the 2008
Guidelines13 It is not clear whether engaging in muscle-strengthening activity can provide
an additional mortality risk reduction beyond that derived from aerobic physical activity
among this population.

Using a nationally representative sample of US adults from the National Health and
Nutrition Examination Survey (NHANES)-linked mortality study, we examined the
mortality risks associated with levels of leisure-time aerobic physical activity, muscle-
strengthening activity and the combination of these activities based on the 2008 Guidelines.

METHODS
Study design

From 1999 to 2004, three 2-year nationally representative samples of the non-
institutionalised US population were recruited to participate in NHANES. During the
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baseline survey, a total of 14 213 adults aged =20 years were interviewed at home and

then invited to a mobile examination centre to undergo various physical examinations and
to provide blood samples for laboratory tests. The NHANES-linked mortality data were
obtained by follow-up through 31 December 2006. A more detailed description of the
NHANES survey design and methods are reported elsewhere.14 The response rates for
examined samples in the 1999-2004 NHANES ranged from 76% to 80%. Written informed
consent was obtained from all participants.

Leisure-time aerobic physical activity

Participants’ leisure-time aerobic physical activity was assessed by utilising the following
questions: (1) “Over the past 30 days, did you do any moderate-intensity activities for at
least 10 min that cause only light sweating or a slight to moderate increase in breathing or
heart rate? Some examples are brisk walking, bicycling for pleasure, golf and dancing,” and
(2) “Over the past 30 days, did you do any vigorous-intensity activities for at least 10 min
that cause heavy sweating or large increases in breathing or heart rate? Some examples are
running, lap swimming, aerobics classes or fast bicycling.” Participants with an affirmative
answer to either question were then asked about specific moderate-intensity or vigorous-
intensity leisure-time activities, how many times per week they participated in these
activities and the average duration each time they engaged in the activity. We calculated the
average minutes per week that participants reported participating in moderate-intensity or
vigorous-intensity physical activity. The minutes of vigorous-intensity physical activity were
doubled and added to the minutes of moderate-intensity physical activity to compute an
equivalent combination of moderate-intensity and vigorous-intensity physical activity (1 min
of vigorous-intensity physical activity is equivalent to 2 min of moderate-intensity physical
activity). Based on the 2008 Guidelines,}? we created three levels of physical activity: (1)
physically active if they reported =150 min/week of moderate-intensity activity or =75 min/
week of vigorous-intensity activity or 2150 min/week of an equivalent combination (=150
min/week); (2) insufficiently active if they reported some physical activity but not enough
to meet the active definition (>0 to <150 min/week) and (3) inactive if they reported no
moderate-intensity and vigorous-intensity physical activity.

Muscle-strengthening activity

Muscle-strengthening activity was assessed by utilising the following questions: (1) “Over
the past 30 days, did you do any physical activities specifically designed to strengthen your
muscles such as lifting weights, push-ups or sit-ups?” and (2) “Over the past 30 days, how
many times did you do these physical activities?” Following the 2008 Guidelines,}2 we
dichotomised the muscle-strengthening activity into two groups that are based on meeting
the frequency requirement of the muscle-strengthening activity guideline: =2 times/week
and <2 times/week.

Linked mortality data

The mortality data for the 1999-2004 NHANES survey participants were obtained by
matching participants’ identifying information to the National Death Index to determine
their survival status through 31 December 2006. The probabilistic matching between
NHANES and National Death Index data was performed by the National Center for Health
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Statistics in CDC. Based on the standardised list of 113 causes of death identified according
to the International Classification of Diseases (ICD-10th revision), we computed the number
of deaths from all causes and from CVD (ICD-10th revision: 100-178 and 180-199).

Based on existing literature, the following variables were selected as confounding variables
measured at the baseline survey. The demographic characteristics included sex, race/
ethnicity (non-Hispanic white, non-Hispanic black, Mexican-American and other) and
education (<high school graduate, high school graduate/equivalent and >high school
diploma). Lifestyle-related behaviours included smoking (current, former, never-smoked)
and heavy alcohol drinking (yes/no). Current smoking was defined as having smoked at
least 100 cigarettes in one’s life and still smoking, former smoking as having smoked at
least 100 cigarettes in one’s life but stopped and never-smoked as having smoked fewer
than 100 cigarettes in one’s life. Heavy alcohol drinking was defined as having an average
of >2 drinks/day in men and >1 drink/day in women during the previous 12 months.

Body mass index was calculated as measured weight (kg) divided by square of height

(m?) and categorised as <25.0, 25.0-29.9, =30 kg/m2.15 Laboratory biomarkers included
serum concentrations of total cholesterol, high-density lipoprotein cholesterol and C reactive
protein (<0.3, 20.3 mg/dL). The estimated glomerular filtration rate (¢GFR) was calculated
using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.16 Pre-
existing comorbidities at baseline included a history of CVD including coronary artery
disease, angina pectoris, myocardial infarction and stroke (yes/no); diabetes (categorised

as physician-diagnosed and undiagnosed diabetes (glycated haemoglobin (HbA1c) >6.5%),
prediabetes (HbAlc 5.7-6.4%) and no diabetes); hypertension (categorised as hypertension
(systolic blood pressure =140 mm Hg or diastolic blood pressure =90 mm Hg or taking
antihypertension medications), prehypertension (systolic blood pressure 120-139 mm Hg
and diastolic blood pressure 80-89 mm Hg) and no hypertension)!’; arthritis (yes/no);
current asthma (yes/no); cancer (yes/no) and disability (yes/no). Disability was defined as
participants who reported being limited in any way in any activities (such as being kept from
working or limited in the kind or amount of work or having difficulty walking without using
any special equipment) because of a physical, mental or emotional problem.

Statistical analysis

We estimated age-adjusted mortality rates with 95% Cls stratified by patterns of meeting
the 2008 Guidelines. Cox proportional HRs with 95% Cls were estimated to assess risks
for all-cause and CVVD mortality associated with levels of physical activity and muscle-
strengthening activity. In the Cox proportional hazard regression analyses, we used age as
the time scale. Age at baseline and at event (at death or at the end of follow-up) were
used to account for left truncation (ie, participants entered the cohort at different ages).18
19 We tested the proportional hazards assumption by regressing Schoenfeld residuals
corresponding to each level of covariates on follow-up time to identify non-zero slopes,2°
which showed no slopes were statistically significant from zero (p>0.05). SUDAAN
(Software for the Statistical Analysis of Correlated Data, Release V.10.0.1, Research
Triangle Institute, Research Triangle Park, North Carolina, USA) was used in all analyses to
account for the complex sampling design.
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RESULTS

Baseline characteristics of study participants

Of 14 213 survey participants aged =20 years, we excluded 833 women who reported
being pregnant, 43 adults who had missing responses to the questions on leisure-time
physical activity or muscle-strengthening activity and 21 adults with unascertained survival
status. After further excluding those with missing values for study covariates, 10 535 (5431
men, 5104 women) remained in our analysis as eligible study participants. The mean age
of eligible participants was 46 years (median, 44 years). Approximately 73.5% were non-
Hispanic white, 9.8% non-Hispanic black, 7.0% Mexican-American and 9.7% of ‘other’
races. About 54.5% of survey participants had attained an education of greater than a high
school diploma.

Characteristics of study participants by mortality status

During an average of 4.8-year follow-up, a total of 665 deaths from all causes were recorded
including 233 deaths from CVD. Compared with survivors, adults who did not survive to
follow-up were more likely to be older, male, less educated and former smokers, to have
higher levels of total cholesterol and C reactive protein and a lower level of eGFR and to
have histories of chronic physical conditions (except for current asthma) (table 1).

For physical activity, participants who died during the follow-up period were more likely
to be physically inactive and less likely to engage in muscle-strengthening activity >2
times/week than those who survived to the end of 2006 (table 1). During the baseline
survey, the percentages of adults who engaged in various levels of aerobic physical activity
and muscle-strengthening activity are shown in figure 1. Approximately 40.9% of adults
were physically active (ie, met the aerobic 2008 Guidelines), 20.3% engaged in the muscle-
strengthening activity =2 times/week and 14.9% were physically active and engaged in the
muscle-strengthening activity >2 times/week as well.

Mortality rates and risks by patterns of aerobic physical activity

The age-adjusted mortality rates of all causes were significantly lower among adults

who were physically active (4.9/1000 person-years) and who were insufficiently active
(6.5/1000 person-years) versus adults who were physically inactive (12.7/1000 person-years,
p<0.01, table 2); similarly, the age-adjusted CVD mortality rates were also significantly
lower among adults who were physically active (1.5/1000 person-years) and who were
insufficiently active (1.6/1000 person-years) versus adults who were physically inactive
(4.4/1000 person-years, p<0.01).

Following adjustment for study covariates including muscle-strengthening activity (model
2, table 2), compared with adults who were physically inactive, those who were physically
active had a significantly lower risk for all-cause mortality (reduced by 36%, p<0.001); the
risk for CVD mortality was also reduced by 31% but did not reach statistical significance.
Participants who were insufficiently active had a 28% (p<0.05) reduced risk for all-cause
mortality and 43% (p<0.05) reduced risk for CVD mortality compared with adults who
were physically inactive. These associations persisted after excluding deaths that occurred
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within the first-year follow-up period (model 3, table 2). Similar results were also observed
when aerobic physical activity was assessed by computing a metabolic equivalent task
(MET)-hour index (data not shown).

Mortality rates and risks by patterns of muscle-strengthening activity

The overall mortality rate was significantly lower among adults who engaged in muscle-
strengthening activity =2 times/week (5.4/1000 vs 9.1/1000 person-years) than among those
who did <2 times/week of muscle-strengthening activity (table 2).

Following adjustment for study covariates including aerobic physical activity levels, the
adjusted HRs for all-cause mortality and CVD mortality did not differ significantly between
adults who engaged in muscle-strengthening activity =2 times/week and those who did not
(table 2).

Further stratified analyses by patterns of aerobic physical activity and muscle-strengthening
activity showed that, among adults who were insufficiently active, the adjusted HR for
all-cause mortality was 44% lower among those who engaged in muscle-strengthening
activity >2 times/week compared with those who did not (adjusted HR=0.42, 95% CI 0.21 to
0.86 vs adjusted HR=0.75, 95% CI 0.56 to 1.00, figure 2). However, among adults who were
physically active, engaging in muscle-strengthening activity =2 times/week did not affect
the risk of all-cause mortality. Similar results were also observed after excluding deaths that
occurred within the first-year follow-up period (model 3, table 2).

DISCUSSION

Our results from a large, nationally representative sample support previous findings that
meeting the aerobic 2008 Guidelines is associated with a lower risk for all-cause mortality.2!
Our findings for CVD mortality are also suggestive of a protective association; however, this
association was not significant following adjustment for sociodemographic characteristics,
lifestyle risk factors and preexistence of major chronic conditions. In addition, our results
suggest the insufficient physical activity is also associated with a risk reduction for all-
cause and CVD mortality following multivariate adjustment. Although engaging in muscle-
strengthening activity =2 times/week was not significantly associated with all-cause or

CVD mortality, it may help reduce the risk of all-cause mortality among adults who were
insufficiently active.

To our knowledge, this is one of the few studies that have examined mortality risks
associated with meeting the 2008 Guidelines using nationally representative samples. The
findings of the current study add to accumulating evidence showing that meeting the 2008
Guidelines exerts an important influence on overall risk of premature mortality of the US
adult population, which is consistent with the findings of a previous study based on data
from the NHIS.13 Another study also showed that Taiwanese adults who were physically
inactive had a 17% increased risk of mortality, whereas those who were active for an
average of 92 min/week (or 15 min/day) had a reduction in all-cause mortality of 14% and
an increased life expectancy of 3 years.22 Qur results further demonstrated that engaging
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in aerobic physical activity ranging from insufficient activity to the recommended levels
reduced the risk for all-cause mortality by 28-36%.

In the current study, we observed lower CVD mortality rates among adults who engaged

in aerobic physical activity compared with adults who were physically inactive; the risk of
death from CVD was also lower among adults who were insufficiently active than among
those who were physically inactive. The protective benefit on CVD mortality of being
physically active was insignificant after adjustment for potential confounding factors. This
could be due to a small sample size or inadequate statistical power. Some studies suggest
that excessive exercise may have adverse cardiovascular effects23-27 and increase mortality
risk.28 Because of the relatively small sample size, our study did not examine whether
individuals within our physically active group were participating in excessive exercise.
Future large longitudinal studies may wish to examine the relationship between excessively
high levels of physical activity and the risk of CVD mortality.

Increased muscle strength and muscle mass have been shown to be inversely associated with
excessive body fat and abdominal fat?® 30 and directly associated with improved insulin
sensitivity and metabolic health.31-33 Limited evidence showed that muscle strength was
associated with lower all-cause mortality among healthy men or men with hypertension.34
35 However, our results from a nationally representative sample did not show significant
benefits by engaging in muscle-strengthening activity at the recommended level in the
general population. Nonetheless, our results did show that meeting muscle-strengthening
activity guidelines modestly reduced the risk of premature death from all causes among
people who, based on their aerobic physical activity, were insufficiently active. In the current
study, we found that 23.7% of adults were insufficiently active, but only 3% of adults were
insufficiently active and engaged in muscle-strengthening activity >2 times/week as well.
Thus, more efforts are needed to promote muscle-strengthening activity participation among
adults who were insufficiently active to reduce mortality risk.

It has been deduced that aerobic physical activity and muscle-strengthening activity exert a
variety of health benefits, which include promoting weight loss or maintaining a healthy
weight, improving glycaemic control and insulin sensitivity, decreasing HbA1c levels,
improving cardiorespiratory fitness and reducing risk factors for CVD? 36-39: aJ| these
factors may provide underlying mechanisms for reducing CVD mortality risk, thereby
reducing total mortality.

Several limitations are noted in this study. First, data on physical activity and some

of the covariates were self-reported and subject to recall bias. For example, although
self-reported physical activity has been shown to provide valid information regarding
moderate-intensity and vigorous-intensity physical activity in public health surveillance,40-42
a few studies have reported that physical activity levels measured using self-report are
overestimated compared to those measured by accelerometer.#3 44 This would likely lead

to a more conservative estimate of the association between physical activity levels and
mortality. Second, the questions on muscle-strengthening activity only provided frequency
measurement; information on whether the activities involved the seven major muscle

groups as specified in the 2008 Guidelines was not provided, which could result in an
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overestimation of the prevalence of meeting the muscle-strengthening activity guideline.
Third, the mortality data were obtained after a relatively short follow-up period (~4.8
years) resulting in a relatively small number of deaths. Consequently, conducting stratified
analyses by muscle-strengthening activity or by more levels of aerobic physical activity
proved challenging. Future large cohort studies with longer follow-up periods are warranted
to further investigate the benefits of varying levels of aerobic physical activity (eg, using
five levels of aerobic physical activity as inactive, 1-59, 60-149, 150-299 and =300 min/
week or using five levels as inactive, insufficiently active, meeting recommendation for
moderate-intensity physical activity only, for vigorous-intensity physical activity only and
for moderate-intensity and vigorous-intensity activities) on reducing mortality risks.

The strength of the current study is that our study was a prospective cohort study that was
based on a large, nationally representative survey of the US adult population. In addition, the
instrument for measuring physical activity was based on general and individually specified
activities, and hence we were able to assess physical activity by computing the average
minutes per week and the MET-hour index.

In conclusion, our study demonstrates that participation in leisure-time aerobic physical
activity ranging from insufficient activity to meeting the 2008 Guidelines is associated

with a reduced risk for premature death among adults in the USA. Engaging in muscle-
strengthening activity at the recommended level may modestly reduce the risk of premature
mortality among adults who were insufficiently active. Currently, despite scientific and
media advocacy about physical activity and the health benefits it confers, based on data from
the NHIS, only about 43.5% adults met the 2008 Guidelines for aerobic physical activity
and 21.9% met the guideline for muscle-strengthening activity in 2008,® and there was little
progress in increasing physical activity among US adults during the period of 1998-2008.4°
Therefore, continuing efforts to promote a physically active lifestyle that includes muscle-
strengthening activity may help improve the overall health of the population, decrease
mortality and ultimately increase life expectancy of the population.
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What are the new findings

. Our prospective cohort study provides further evidence to support that
meeting the 2008 Guidelines (ie, 2150 min/week of the equivalent moderate-
intensity physical activity) exerts an important influence on overall risk of
premature mortality in the US adult population.

. Engaging in some physical activity but not sufficient to meet the 2008
Guidelines (ie, >0 to <150 min/week of the equivalent moderate-intensity
physical activity) can also reduce the risks for all-cause and cardiovascular
disease mortality.

. Engaging in muscle-strengthening activity =2 times/week helps reduce the
overall risk of premature mortality among adults who were insufficiently
active.
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How might it impact on clinical practice in the near future

. Given a relatively low prevalence of adherence to the 2008 Guidelines in the
US population, findings from this study may assist healthcare clinicians and
public health professionals to provide appropriate counselling and education
on the benefits of physical activity, especially on long-term mortality risk
reduction, for patients as well as for the general population.

. Healthcare clinicians and public health professionals may also educate and
motivate people to participate in muscle-strengthening activity not only for
the purpose of improving body function and reducing frailty in the elderly, but
also for an overall mortality risk reduction among insufficiently active adults.
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Figure 1.

Distribution of adults aged 20 years or older by levels of aerobic physical activity
and muscle-strengthening activity at baseline among the 1999-2004 National Health and
Nutrition Examination Survey (NHANES) participants (=10 535).
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Figure 2.
Adjusted HRs with 95% Cls for all-cause mortality among participants stratified by aerobic

physical activity and muscle-strengthening activity. The 1999-2004 National Health and
Nutrition Examination Survey (NHANES)-linked mortality study..
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