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Abstract Background: The survival benefits associated with meeting physical activity (PA) and muscle
strengthening (MS) guidelines are well established. Data examining the independent association of PA with all-
cause mortality, specifically among MS-compliant adults, are sparse. Purpose: The primary purpose of this study
was to examine the association that PA status has on all-cause mortality among adults meeting MS guidelines. The
secondary purpose was to examine the joint influence of PA and disease status on all-cause mortality. Methods: A
baseline sample of 116,512 adults from the 1997 to 2018 National Health Interview Survey (NHIS) was used with
the National Center for Health Statistics (NCHS) 2019 public-use linked mortality files. Meeting PA guidelines was
defined as engaging in 150+ min/week of moderate-to-vigorous aerobic PA (MVPA) during leisure time. The
sample was limited to adults 18+ years of age meeting MS guidelines (i.e., MS 2+ days/week). Demographic
variables included age, sex, race, and income. Health indicators included BMI categories, smoking status, and
number of diseases. Cox proportional hazards regression was used to estimate hazard ratio (HR) statistics associated
with all-cause mortality and their 95% confidence intervals (Cls). Poisson regression with robust error variance was
used to estimate similar relative risk (RR) statistics. Results: During a median follow-up period of 10.2 (95% CI:
10.10-10.24) years, 8,589 (7.4%) deaths were observed. Approximately 83.5% (95% CI: 83.12-83.77) of MS-
compliant adults met PA guidelines at baseline. Among those that survived and died, 84.7% (95% CI: 84.40-85.03)
and 63.5% (95% CI: 62.18-64.74) met PA guidelines at baseline, respectively. In the fully adjusted hazards model,
those not meeting PA guidelines saw 59% (HR = 1.58, 95% CI: 1.49-1.67) greater risk of mortality as compared to
their PA-compliant counterparts. In the eight-group joint PA and disease status model, those not meeting PA
guidelines with 3+, 2, 1, and 0 diseases and those meeting PA guidelines with 3+, 2, 1, and O (reference) diseases
saw a significant (p < .0001) linear trend in mortality risk decreasing from HR = 5.27 (95% CI: 4.66-5.95) to HR =
1.70 (95% ClI: 1.56-1.85), respectively. A separate analysis of disease-free adults showed a 51% (HR = 1.51, 95%
Cl: 1.38-1.66) greater risk of mortality in those not meeting PA guidelines. Poisson models with RR statistics saw
similar risk statistics and similar linear trend. Conclusion: A considerable mortality risk was observed among adults
not meeting aerobic PA guidelines, despite meeting MS guidelines. The mortality risk was seen in disease-free
adults, however, the risk grew in magnitude as the number of diseases increased. Engaging in recommended
amounts of aerobic PA could add survival benefit even among strength-trained populations.
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1. Introduction

The benefits associated with physical activity (PA)
among adults include lower risk of chronic disease,
improved mental health, prolonged longevity, and greater
health-related quality of life [1,2,3]. Muscle strengthening
(MS) activities are associated with many of the same
benefits and can additionally provide protection from
functional limitations in older populations [4,5]. As such,

both PA and MS arerecommended as part of the national
PA guidelines set by the U.S. Department of Health and
Human Services (USDHHS) [6]. Specifically, adults
(including older adults) should accumulate at least 2.5
hours a week of moderate-to-vigorous-intensity aerobic
PA as well as 2 days a week of MS activities involving all
major muscle groups.

There is clear evidence showingpositiveassociations
between PAand risk of all-cause mortality in olderadult
populations [7,8,9,10]. However, few studies have
specifically examined the PA and all-cause mortality
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relationship among only olderadults meeting MS
guidelines. Said differently, there are no data examining if
additional survival benefit is seen by meeting aerobic PA
guidelines above those received by meeting MS guidelines?
Therefore, the primary purpose of this study was to
examine the extent to which meeting the aerobic PA
guidelines relates to all-cause mortality in olderadults who
meet MS guidelines. The secondary purpose was to
examine the extent to which the number of diseases
contributes to the aforementioned relationship.

2. Methods

Study design

Data for this study came from the National Health
Interview Survey (NHIS) and theNational Center for
Health Statistics (NCHS) 2019 public-use linked mortality
files [11,12]. NHIS is an annual survey of
health-related topics and reaches approximately
27,000noninstitutionalized adults from the U.S. each
year.Data are collected through personal interviews about
health status, health behaviors, functional limitations,
healthcare, and preventive services. For this study, NHIS
data across 20 different years (1997 to 2018) were
concatenated to form an initial sample of 671,696adults
18+ years of age. From that point, participants were
excluded if 1) they did not meet MS guidelines, 2) they
were ineligible for mortality linkage, or 3) they had
incomplete data. These exclusions resulted in a final
baseline sample of 116,512 adults (Figure 1). NHIS
variables were only used in this study if they were
assessed and available for every year across the 20 years
of surveys.

1987-2018 NHIS
Initial sample of adults
18+ years of age
M = 671,696
Did not meet M3 guidelines
N=533,837
M =137,859
Ineligible for linkage
M=4,388
N=133,471
Incomplete data
M =16,958

Final baseline sample

N=116,512

Figure 1. Schematic of study exclusions

Physical activity (PA) and Muscle strengthening (MS)
guidelines

A PA guidelines status variable was created by first
computing a moderate-to-vigorous PA (MVPA) variable.
MVPA was formed by computing two preliminary
variables of time spent in vigorous (VPA) and moderate
(MPA) intensity PA per week. A final MVPA variable
was calculated by adding MPA to twice VPA. Finally,
ameeting PA guidelines status variable was created by
assigning a “yes” to those participating in at least 150

minutes of MVPA each weekwith a “no” assigned
otherwise.MS activity was assessed using questions
asking about the frequency of leisure-time activities
designed to strengthen muscles. A meeting MS guidelines
status variable was then computed by assigning a “yes” to
those participating in at least 2 days per week of MS and a
“no” assigned otherwise. Only those assigned an MS of
“yes” were included in this study.
Disease status

Disease status was used for the secondary aim with a
variable created using the responses from single questions
regarding nine different chronic conditions. Each question
included a stem similar to “Have you EVER been told by
a doctor or other health professional that you had...” The
nine conditions includedl) coronary heart disease, 2)
angina pectoris, 3) heart attack, 4) other heart conditions
or diseases, 5) a stroke, 6) emphysema, 7) chronic
bronchitis, 8) diabetes, and 9) cancer. Each question’s
response was subsequently recoded into individual
indicator variables, assigning the participant a “1” for a
“yes” response and “0” for a “no” response. A disease
score was then created by summing across the nine
indicator variables. Finally, a disease status variable was
created by categorizing participants into groups of none
(0), one (1), two (2), or three or more (3+) conditions.
Assessment of covariates

To control for possible confounding, body mass index
(BMI) category, smoking status, age, sex, race, and
income variables were created.BMI was measured using
the standard formula yielding units of kg/m? with standard
groups of underweight (BMI < 18.5), normal weight (18.5
<BMI <25.0), overweight (25.0 >BMI <30.0), and obese
(BMI >30.0). Smoking status was assessed using a series
of questions asking participants about their smoking habits,
smoking frequency, smoking quantity, and smoking
history. From these responses, a smoking status variable
was created that assigned participants to one of three
groups of either current smoker, former smoker, or never
smoker. A sex variable was used that included the
conventional groups of male or female. An age group
variable was created with ranges of 18 to 44 years, 45 to
64 years, and 65 to 85+ years. The race/ethnicity variable
categorized adults into groups of either White, Black, or
Other. Finally, a crude income variable was created that
assigned each participant into one of three ordinal groups
of low, middle, or high income.
Statistical analyses

The sample was described using percentages (%s) and
95% confidence intervals (Cls). Tests of association were
also conducted for descriptive purposes using the Rao-
Scott chi-square statistic and interaction tests using
logistic regression. To examine the association between
PA status and all-cause mortality, Cox proportional
hazards regression was used with hazard ratio (HR)
statistics and their 95% CI. Similarly, to estimate the
relative risk (RR) statisticsassociated with mortality,
Poisson regression with robust error variance was used.
However, since the RR statistics were close to identical to
the HR statistics, due primarily to the low event rate, the
Poisson regression analyses were omitted from the paper.
Tests of linear trend in HR statistics were conducted using
orthogonal contrast statements. To weigh the effects of
different covariates, three different models were employed
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examining the influence of PA status on mortality:
unadjusted, demographics adjusted (age, sex, race, and
income), and fully adjusted (age, sex, race, income, BMI
category, and smoking status). Finally, to address the
secondary purpose, a joint PA and disease status variable
was modeled for its fully adjusted influence on all-cause
mortality. SAS version 9.4 survey procedures were used
for all analyses [13,14].

3. Results

The study saw a median follow-up of 10.2 (95% CI:
10.10-10.24) years. During which 8,589 (7.4%) deaths

were observed. At baseline, mean age was 41.6 (95% ClI:
41.3-41.8) years. Approximately 83.5% (95% ClI: 83.12-
83.77) of MS-compliant adults met PA guidelines at
baseline. Among those that survived and died, 84.7%
(95% ClI: 84.40-85.03) and 63.5% (95% CI: 62.18-64.74)
met PA guidelines, respectively (Table 1). All covariates
had a significant mortality interaction when predicting
PAstatus except for age. Thus, the percentages of adults
meeting PA guidelines were statistically equivalent
between those that died and those that survived, across the
three age groups. Contrarily, all other covariates saw
significantly different percentages meeting PA guidelines
between those that died (lower percentages) and those that
survived (higher percentages).

Table 1. Percentages of adults meeting aerobic physical activity (PA) guidelines who are also musclestrengthening (MS) compliant by

characteristic and mortality status

Mortality status

Died Survived Interaction
Characteristic % LL UL p % LL UL p p
Overall (p<.0001) 63.5 62.18 64.74 - 84.7 84.40 85.03 - -

Sex <.0001 <.0001 <.0001
Female 56.5 54.56 58.51 83.2 82.79 83.68
Male 68.1 66.39 69.73 85.9 85.50 86.29

Age (yr) <.0001 <.0001 .2277
18to 44 78.4 75.66 81.09 87.2 86.86 87.56
45t0 64 67.7 65.22 70.25 82.4 81.88 83.01
65 to 85+ 56.4 54.64 58.24 73.2 72.15 74.28

Race/Ethnicity 1281 <.0001 .0315
White 63.8 62.41 65.23 85.5 85.21 85.88
Black 59.5 55.38 63.67 80.7 79.87 81.59
Other 65.0 59.60 70.44 825 81.48 83.46

Income group <.0001 <.0001 .0012
Low 55.6 53.77 57.35 79.6 78.96 80.22
Middle 66.6 64.21 69.06 83.2 82.67 83.79
High 75.6 72.90 78.38 88.6 88.20 89.02

BMI category <.0001 <.0001 .0009
Underweight 44.8 36.46 53.19 80.4 77.56 83.33
Normal 64.3 62.27 66.25 86.2 85.84 86.66
Overweight 65.2 63.23 67.16 85.3 84.80 85.70
Obese 60.6 57.92 63.23 80.6 79.91 81.30

Smoking status .9616 <.0001 <.0001
Current smoker 63.8 60.44 67.16 80.7 79.87 81.48
Former smoker 63.3 61.32 65.21 83.6 83.02 84.28
Never smoker 63.5 61.50 65.48 85.9 85.56 86.29

Diseases (#) <.0001 <.0001 .0130
None (0) 70.5 68.52 72.43 86.0 85.63 86.29
One (1) 61.2 58.90 63.45 80.8 80.04 81.61
Two (2) 55.6 51.92 59.36 73.2 71.26 75.22
Three+ (3+) 49.7 46.06 53.35 65.6 62.79 68.32

Note. N = 116,512. Mortality status p-values are from the Rao-Scott chi-square statistic testing for PA status and each characteristic association. % is
the weighted percentage estimate. LL and UL are the lower and upper limits, respectively, of the 95% confidence interval (Cl) estimating the %.
Interaction p-values are from logistic regression characteristic-by-mortality interaction predicting PA status.
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Table 2. Cox proportional hazard models associating physical activity (PA) status with all-cause mortality

Unadjusted Demographics adjusted All adjusted
Characteristic HR LL UL HR LL UL HR LL UL
PA status
Met guidelines 1.00 ref 1.00 ref 1.00 ref
Did not meet guidelines 2.81 2.67 2.97 1.74 1.65 1.83 1.58 1.49 1.67
Sex
Female 1.00 ref 1.00 ref
Male 1.62 1.54 171 1.48 1.40 1.57
Age (yr)
18to 44 1.00 ref 1.00 ref
4510 64 4.80 4.40 5.24 4.25 3.89 4.64
65 to 85+ 28.83 26.64 31.19 21.88 20.04 23.90
Race/Ethnicity
White 1.13 0.99 1.29 1.08 0.94 1.24
Black 1.31 1.13 1.51 1.27 1.09 1.48
Other 1.00 ref 1.00 ref
Income group
Low 1.94 1.81 2.09 1.75 1.62 1.89
Middle 1.46 1.35 1.58 1.36 1.25 1.47
High 1.00 ref 1.00 ref
BMI category
Underweight 1.76 1.48 2.09
Normal 1.00 ref
Overweight 0.95 0.89 1.01
Obese 1.04 0.96 1.12
Smoking status
Current smoker 2.00 1.85 217
Former smoker 1.18 111 1.26
Never smoker 1.00 ref
Diseases (#)
None (0) 1.00 ref
One (1) 1.70 1.59 1.82
Two (2) 2.34 2.14 2.56
Three+ (3+) 3.20 291 3.52

Note. N = 116,512. Cox proportional hazard models estimating the hazard ratio (HR) and its 95% CI. LL and UL are the lower and upper limits,
respectively, of the 95% CI estimating the HR.
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Figure 2. Hazard ratio (HR) statistics for the joint association of PA and disease status on all-cause mortality. Note. HRs are adjusted for age, sex, race,
income, BMI category, and smoking status. Linear trend tested using contrasts across HR statistics
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Modeling showed that those not meeting PA guidelines
saw 281% (HR = 2.81, 95% ClI: 2.67-2.97) greater risk of
mortality as compared to those meeting guidelines (Table
2). In the demographics-adjusted model, those not meeting
PA guidelines saw 74% (HR = 1.74, 95% CI: 1.65-1.83)
greater risk of mortality as compared to those meeting
guidelines. In the fully adjusted hazards model, those not
meeting PA guidelines saw 59% (HR = 1.58, 95% CI:
1.49-1.67) greater risk of mortality as compared to their
PA-compliant counterparts.

In the eight-group joint PA and disease status model,
those not meeting PA guidelines with 3+, 2, 1, and 0
diseases and those meeting PA guidelines with 3+, 2, 1,
and 0 (reference) diseases saw a significant (p < .0001)
linear trend in mortality risk decreasing from HR = 5.27
(95% ClI: 4.66-5.95) to HR = 1.70 (95% CI: 1.56-1.85),
respectively (Figure 2). A separate analysis of disease-free
adults showed a 51% (HR = 1.51, 95% CI: 1.38-1.66)
greater risk of mortality in those not meeting PA
guidelines. Additionally, each disease status group saw a
significant difference in mortality risk between PA status
groups — as seen by the nonoverlapping Cls.

4. Discussion

The primary findings of this study showed that not
meeting aerobic PA guidelines wasassociated with all-
cause mortality risk among adults meeting MS guidelines.
Furthermore, the increased risk remained after controlling
for the common demographic and health covariates. A
review of the current literature found no studies examining
this same research question in a nationally representative
sample of olderadults. However, one study did examine
the risk of all-cause mortality associated with meeting
aerobic PA, MS activity, and combined PA and MS
guidelines in olderadults [15]. Specifically, the risk of all-
cause mortality for those meeting aerobic PA, MS, and
both PA and MS guidelines was reported to be 35%, 8%,
and 43% lower than counterparts, respectively. Although
the findings from this study were positive in terms of the
benefits associated with the different types of PA, their
results do not provide the same evidence found in the
current paper. This is because the 43% lower risk
associated with meeting both guidelines was set relative to
a group of olderadults that were both “inactive” in aerobic
PA and non-compliant with MS guidelines.i.e., there was
no direct comparison to a group meeting MS guidelines.
Nevertheless, their findings do support meeting both
guidelines and therefore provide someendorsementfor the
current results.

The secondary findings of this paper showed a linear
trend in all-cause mortality risk across joint PA and
disease status groups. Since the joint grouping variable
was arranged to have an ordinal dose of PA and disease
status, the linear trend could be interpreted as PA having
more survival benefit among greater diseased populations
than inactivity has amongless diseased populations. More
importantly, however, at each level of disease status, those
meeting aerobic PA guidelines saw significantly lower
mortality risk than their counterparts.As previously
mentioned, no previous studies were found that examined
the PA status and mortality risk relationship only among

those meeting MS guidelines. Therefore, there are no data
corroborating these joint effect findings. However,
published data do support the PA and comorbidity, PA
and mortality,as well as comorbidity and mortality
relationships in olderadult populations [16,17,18,19,20].

The limitations regarding this study relate to its use of
NHIS data and have been reported elsewhere [21,22].
Specifically, PA and MS activity were both assessed using
self-reported measures and are therefore prone to recall
bias as well as overestimation. Additionally, due to the
cross-sectional nature of NHIS, findings are limited to
correlational inferences only and not cause-and-effect.
Finally, this study assessed aerobic PA engaged in during
leisuretime or recreation and did not include PA
performed during work or transportation. Thus, this study
was not able to remove thepossible confounding effects of
healthy user bias. That is, adults participating in leisure-
time PA may be health-oriented individuals that are likely
to live longer than their less active peers because of a
healthier lifestyle. In sum, the findings from this study
should be interpreted with caution.

5. Conclusions

These findings showed that the risk of mortality was
greater among adults not meeting aerobic PA guidelines,
despite  meeting MS guidelines. The mortality risk
associated with not meeting aerobic PA guidelines was seen
in disease-free adults, however, the risk grew in magnitude
as the number of diseases increased. Engaging in
recommended amounts of aerobic PA could add survival
benefit in strength-trained populations and attenuate the risk
of mortality associated with chronic disease.
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