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Abstract
Purpose  To examine the association of muscle-strengthening activities (MSA) and cancer mortality.
Methods  We pooled data from the 1998 to 2009 National Health Interview Survey (NHIS), which were linked to records in 
the National Death Index. Mortality follow-up was through 31 December 2011. Based on U.S. federal guidelines for physi-
cal activity, we dichotomized MSA and compared those who performed MSA twice a week or more to others with lower 
MSA. We also examined dose–response relationship of MSA frequency with cancer mortality. Hazard ratios (HR) from 
Cox regression were computed to estimate the association of MSA with the risk of cancer mortality. Mean follow-up was 
7.9 years and the analysis sample size was 310,282.
Results  Covariate-adjusted results showed that meeting the MSA guideline was associated with a 19% lower risk of cancer 
mortality (HR 0.81, 95% CI 0.73, 0.90). We found no evidence of a dose–response relationship between the frequency of 
performing MSA and cancer mortality.
Conclusion  Adhering to the U.S. federal guideline for MSA is associated with lower cancer mortality. Public health programs 
and policy for cancer prevention and control should promote MSA to further reduce cancer mortality.
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Introduction

Cancer is the second leading cause of death and is responsi-
ble for more than half a million or one in four deaths every 
year in the United States [1]. Modifiable risk factors for 
mortality from various types of cancer include cigarette 
smoking, alcohol use, poor diet, overweight and obesity, 
sun exposure, and insufficient physical activity [2–5]. While 
many studies have examined the association of aerobic phys-
ical activity and cancer mortality [4, 6–9], little attention has 
been given to muscle-strengthening activities (MSA) as a 
predictor of cancer mortality. Accordingly, the 2018 physical 
Activity Guidelines Advisory Committee, which recommends 
that adults engage in MSA two or more days a week, has 
called for more research on the association between MSA 
and cancer [10].

To our knowledge, there are only four previous published 
studies that examine the effect of MSA on cancer mortality. 
None of these studies reported narrow enough confidence 
intervals (CIs) to conclude a protective effect on cancer mor-
tality; however, all studies reported effect estimates whose 
sheer values were consistent with a protective effect. Kam-
ada et al. investigated cancer mortality among a sample of 
28,879 older women with an average age of 62.2 years and 
a mean follow-up of 12 years. They found that compared 
to women who performed no MSA, those who performed 
1–59 min of MSA per week had a hazard ratio (HR) of 0.87 
(95% CI 0.73, 1.05) and those who performed 60 or more 
minutes of MSA per week had an HR of 0.92 (95% CI 0.68, 
1.24) [11]. Whereas Kamada et al.’s study focused on older 
women, Hsu et al. examined cancer mortality among older 
men. They used data from a sample of 1,705 men with an 
average age of 76.9 and a median follow-up of 7 years. They 
reported an HR of 0.66 (95% CI 0.33, 1.29) for those who 
engaged in any MSA compared to those who did not [12]. 
Another study was conducted by Loprinizi et al. who used 
data from a sample of 1,411 men and women aged between 
20 and 85 years who had mobility limitations [13]. This 
cohort was followed for an average of 6.8 years. The authors 
reported an HR of 0.27 (95% CI 0.06–1.20) for those engag-
ing in two or more sessions per week of MSA versus those 
engaging in less than that amount. Finally, Dankel et al. fol-
lowed a sample of 2,773 men and women aged 50 years or 
older for an average of 9.7 years and reported that the HR 
associated with two or more MSA sessions per week versus 
less than that amount was 0.92 (95% CI 0.45–1.86) [14]. 
These studies either had a relatively small sample size or 
did not include the general population of adults. Despite 
their limitations, these studies have invariably reported HR 
values consistent with a protective effect on cancer mortal-
ity, which provided the motivation for the current study to 
use a large representative sample of adults and examine the 

association of MSA with cancer mortality. Our aim was to 
combine samples from 12 years of the National Health Inter-
view Survey (NHIS), which have been linked to the National 
Mortality Index, to examine the association of MSA and 
cancer mortality.

Methods

Data

We employed public use data from the NHIS files for the 
years 1998–2009 and the corresponding files with the link-
age of NHIS and NDI provided by the National Center 
for Health Statistics (NCHS) [15]. The NHIS uses a mul-
tistage probability sampling design and is cross-sectional, 
conducted annually, and representative of the civilian non-
institutional population of the U.S. The annual response 
rate in the years 1998–2009 ranged between 60.8% in 
2005 and 74.3% in 2002. All data are based on self-reports 
and obtained via interviews in the homes of participants. 
Substantive and methodological details of the NHIS are 
described elsewhere [16, 17]. The NCHS has linked the sur-
vey participants for the years 1986–2009 to death certificate 
data from the NDI with follow-ups through 31 December 
2011. Mortality ascertainment is based on a probabilistic 
matching algorithm that links the NHIS and NDI records 
by an individual’s social security number, name, and other 
demographic variables [18]. We limited the analysis to indi-
viduals who were aged 18 years or older at the baseline. As 
shown in Table 1, the sample size in the period 1998–2009 
was 350,771. Of these, 331,985 (94.6%) were eligible for 
linkage, meaning that they provided adequate information 
(e.g., social security number, name, birth date, race, and sex) 
in the interviews for matching with NDI records. Of these 
individuals, 310,628 (93.46%) were used in the final analysis 
sample, as described below. Institutional approval was not 
required for this study as it employed publically available 
secondary data.

Measurement

Mortality

The causes of death in the data were coded according to 
the tenth revision of International Classification of Dis-
eases (ICD-10) [19]. The study outcome was mortality 
from all cancers combined defined as C00–C97 (malignant 
neoplasms). Follow-up time for individuals who died was 
measured in number of months from the month and year of 
interview to the month and year of death. Because quarter 
instead of month of death was available, we assumed that 
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deaths occurred in the middle of the recorded quarter, i.e., 
February, May, August, or November. As shown in Table 1, 
a total of 7,273 cancer deaths occurred during the follow-up 
period, which had a mean of 7.9 years.

MSA

Respondents were asked: “How often do you do leisure-
time physical activities specifically designed to strengthen 
your muscles such as lifting weights or doing calisthenics?” 
From responses to this question, we computed a dichoto-
mous variable indicating whether a respondent met the U.S. 
federal guideline [8] of performing strengthening exer-
cises ≥  2 times per week. In order to assess the presence 
of a dose–response relationship between MSA and cancer 
mortality, we recategorized MSA performance to zero, one, 
two, three, four, and five times or more often a week.

Covariates

The following covariates were included as possible con-
founders in regression models: minutes of aerobic physical 
activity per week, smoking status, body mass index (BMI), 
alcohol consumption, previous cancer diagnosis, presence of 
chronic condition, self-rated health, sex, age, marital status, 
race/ethnicity, nativity, poverty status, education, and survey 
year as a continuous variable.

Respondents were asked how often they performed 
“light or moderate leisure-time physical activities for at 
least 10 min that cause[d] only light sweating or a slight to 
moderate increase in breathing or heart rate” and “vigorous 

leisure-time physical activities for at least 10  min that 
cause[d] heavy sweating or large increases in breathing or 
heart rate.” They were also asked “About how long do you 
do these light or moderate leisure-time physical activities 
[or vigorous physical activities] each time?” From these 
questions, we computed the length of time of moderate and 
vigorous aerobic physical activity in minutes per week.

Respondents were asked “Have you smoked at least 100 
cigarettes in your entire life?” Those who replied affirma-
tively were then asked “Do you now smoke cigarettes every 
day, some days or not at all?” Based on these questions, 
we defined smoking status as having three categories: [6, 
20, 21] (1) never smokers consisting of those who have not 
smoked more than a 100 cigarettes in their life; (2) former 
smokers consisting of those who have smoked more than a 
100 cigarettes in their life but do not currently smoke; and 
(3) current smokers consisting of those who have smoked at 
least 100 cigarettes in their life and currently smoked every 
day or some days. BMI was computed as the ratio of self-
reported weight in kilograms to the square of self-reported 
height in meters. We defined alcohol consumption as having 
three categories: [22–24] (1) lifetime abstainers consisting 
of those who have had less than 12 drinks in life; (2) former 
drinkers consisting of those who have had 12 or more drinks 
in life, but no drinks in the past year; and (3) current drinkers 
consisting of those who have had 12 or more drinks in life 
and one or more drinks in the past year.

Individuals who reported to have previously been 
diagnosed by a health professional with cancer were dis-
tinguished from others. Individuals who reported to have 
previously been diagnosed with diabetes, a heart attack, 
angina pectoris, coronary heart disease, heart condition, 

Table 1   Sample size and 
number of cancer deaths by year

a Those with missing values for analysis time or any study variable except poverty status were excluded
b Due to incomplete data, 21,357 of eligible participants were eliminated

NHIS inter-
view year

Adults aged ≥ 18 Met eligibility criteria 
for linkage to NDI

Used in the 
analysisa

Cancer deaths from inter-
view through 31 December 
2011

1998 32,440 30,577 29,097 1,148
1999 30,801 29,075 27,528 1,000
2000 32,374 30,593 28,775 903
2001 33,326 31,355 29,332 851
2002 31,044 28,995 26,946 698
2003 30,852 28,210 26,363 627
2004 31,326 29,192 27,191 586
2005 31,428 29,131 27,215 521
2006 24,275 23,419 21,551 316
2007 23,393 22,692 20,823 265
2008 21,781 21,362 19,949 204
2009 27,731 27,384 25,858 156
Total 350,771 331,985b 310,628 7,275
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hypertension, a stroke, emphysema, asthma, or chronic 
bronchitis were classified as having a chronic condition. 
Additionally, individuals who reported difficulty perform-
ing the following activities were considered also as having 
a chronic condition: carrying or lifting a 10-pound object; 
walking up 10 steps without resting; using fingers to grasp 
objects; reaching up over the head; standing for 2 h; sitting 
for 2 h; stooping, bending, or kneeling; walking a quarter of 
a mile; going out for activities such as shopping or seeing a 
movie; pushing or pulling large objects; relaxing at home or 
for leisure; and participating in social activities.

Self-rated health was dichotomized as fair or poor ver-
sus excellent, very good, and good. Age was used as a con-
tinuous variable. We defined marital status as having four 
categories: married, separated or divorced, widowed, and 
never married. Race/ethnicity was defined by four categories 
as non-Hispanic White, non-Hispanic Black, Hispanic, and 
other. Nativity distinguished those born in a U.S. state or 
District of Colombia from others. Family poverty status was 
measured as the ratio of total family income from all sources 
before taxes to the U.S. Census Bureau’s poverty thresh-
olds for each survey year [25]. Educational attainment was 
grouped into three categories: less than high school diploma, 
high school diploma and some college, and college degree.

Statistical analyses

The data for all the 12 survey years, i.e., 1998–2009, along 
with information about mortality outcomes were pooled. 
Cox proportional hazards regression was used to model time 
to death as a function of MSA and covariates and to report 
HRs. In the analyses, individuals who did not die of cancer 
as well as those surviving at the end of the follow-up were 
right censored. In all analyses, we adjusted for the complex 
sampling design of the NHIS by taking into account sam-
pling weights provided in the NHIS-NDI-linked mortality 
files, stratification, and primary sampling units in computa-
tions. We adjusted the sampling weights by multiplying the 
original weight in a given survey to the ratio of the sample 
size for that survey and the sum of samples sizes of all 12 
surveys [26]. Cases with missing values for any of the study 
variables (i.e., 6.5% of the sample) except poverty status 
were excluded from the analysis. Missing values for poverty 
status (19.6%) were included as a distinct category. Vari-
ables with a p value of greater than 0.1 in bivariate analyses 
were not included in multivariable models. We examined the 
interaction of sex, age, and previous cancer diagnosis with 
MSA in their effects on cancer mortality risk and found no 
evidence of such interaction. We used Stata version 14.1 for 
all analyses [27].

Results

Table  2 provides sample characteristics. About 20.4% 
of the sample met the MSA physical activity guidelines, 
i.e., engaged in MSA activities two or more times a week. 
Respondents performed an average of 98.2 min of mod-
erate and 59 min of vigorous physical activity per week. 
About 42% of the sample met the aerobic physical activity 
guidelines.

Table 3 provides unadjusted and adjusted HRs for the 
association of meeting MSA guidelines and level of MSA 
with cancer mortality. Adjusted results controlled for mod-
erate physical activity, vigorous physical activity, smoking 
status, BMI, alcohol consumption, previous cancer diagno-
sis, chronic condition, self-rated health, sex, age, marital 
status, race/ethnicity, nativity, poverty status, education, and 
year of survey. We focus on adjusted results to summarize 
the associations. Meeting MSA guidelines was associated 
with a 19% lower risk of cancer mortality (HR 0.81, 95% 
CI 0.73, 0.90). Furthermore, compared to no MSA, 1 day a 
week of MSA did not provide a cancer mortality benefit (HR 
0.89; 95% CI 0.70, 1.12). However, two (HR 0.77; 95% CI 
0.63, 0.95), three (HR 0.82; 95% CI 0.70, 0.96), four (HR 
0.71; 95% CI 0.53, 0.95), and five or more days (HR 0.84; 
95% CI 0.73, 0.96) a week of MSA, compared to no MSA 
were associated with a lower probability of cancer mortal-
ity. There was no evidence of a dose–response relationship. 
These results did not change appreciably when we conducted 
sensitivity analyses and excluded individuals with a prior 
cancer diagnosis, those who could not reasonably perform 
MSA, and those who died within 2 years of their data col-
lection interview.

Discussion

This prospective study of a large nationally representative 
sample showed that meeting the U.S. federal guidelines for 
MSA, i.e., engaging in MSA at least twice per week, is asso-
ciated with a lower risk of cancer mortality. We found no 
evidence of a dose–response relationship. These results held 
when we excluded individuals with cancer diagnosis, those 
who could not reasonably engage in MSA, and those who 
died within 2 years of their data collection interview. This 
was the first study to show an association between MSA 
and cancer mortality. Previous studies that examined this 
association reported null findings [11–14]. The discrepancy 
between our findings and those of the previous studies likely 
is because they either used a small sample size [12] or lim-
ited their samples to older individuals [11, 13, 14].

There are several biological mechanisms that could be 
responsible for the association of MSA and cancer risk or 
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Table 2   Weighted sample 
characteristics according 
to whether individuals met 
muscle-strengthening activity 
(MSA) guidelines (n = 310,628)

Variable Did not meet MSA guidelines 
(n = 250,835)

Met MSA guide-
lines (n = 59,793)

% or mean (SE*) % or mean (SE*)

Minutes of moderate physical activity p/w 98.17 (0.91) 189.02 (1.96)
Minutes of vigorous physical activity p/w 59.00 (0.72) 203.73 (1.73)
Smoking status
 Never smoker 54.41 60.12

  Former smoker 22.23 22.62
  Current smoker 23.36 17.26

BMI 27.28 (0.02) 26.05 (0.03)
 Alcohol consumption
   Lifetime abstainer 24.53 13.43
   Former drinker 15.94 10.03
   Current drinker 59.53 76.55

Previous cancer diagnosis
  Yes 7.51 5.76
  No 92.49 94.24

Chronic condition
  Yes 16.86 6.49
  No 83.14 93.51

Self-rated health
  Fair/poor 14.07 4.66
  Good/very good/excellent 85.93 95.34

Sex
  Male 46.81 56.21
  Female 53.19 43.79

Age, years 46.52 (0.08) 40.52 (0.12)
Marital status

  Married 58.69 53.32
  Divorced/separated 12.93 11.65
  Widowed 7.34 3.24
  Never married 21.04 31.8

Race/ethnicity
  Non-hispanic white 71.19 75.98
  Non-hispanic black 11.53 10.67
  Hispanic 12.59 8.78
  Other 4.7 4.57

Nativity
  Born in a U.S. state or DC 84.49 89.65
  Other 15.51 10.35

Poverty status
  < 100% 9.88 6.65
  ≥ 100% and < 200% 15.45 9.64
  ≥ 200% and < 300% 14.22 11.88
  ≥ 300% and < 400% 11.41 11.92
  ≥ 400 28.56 43.75
  No income information 20.48 16.17

Education
  Less than high school diploma 16.63 6.37
  High school diploma/some college 61.72 56.35
  College degree 21.65 37.29

*Standard error of the mean
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progression [28–31]. Many of these mechanisms may act 
through the effect of physical activity on body fat and the 
resulting changes to circulating adipokines and cytokines, 
insulin resistance, blood insulin levels, and sex hormone 
production, which are associated with cancer risk [28]. 
Another mechanism could be through the effect of MSA on 
increased skeletal muscle mass, which results in reduced 
insulin resistance and hyperinsulinemia, independent of 
body fat [29, 32, 33]. Furthermore, physical activity might 
reduce systemic inflammation which is responsible for an 
increased risk of cancer, although studies on this topic have 
examined aerobic activities, not MSA [34–37]. It is also 
possible that the anxiolytic effects of MSA [38] can reduce 
the level of stress-related psychosocial risk factors that are 
associated with higher cancer incidence, poorer survival in 
patients with diagnosed cancer, and higher cancer mortality 
[39, 40]. Additionally, it is hypothesized that physical activ-
ity could increase the number of natural killer cells, which 
retard tumor growth [41]. Finally, the association of MSA 
with reduced mortality could be due to the fact that muscle 
strength is associated with lower functional limitations in 
activities of daily living [42, 43], which in turn is linked to 
lower cancer mortality [44, 45].

The main strength of this study was that it utilized 
pooled data from large nationally representative samples 
with high response rates and a data collection based on in-
person interviews. The study had several limitations. First, 
we were unable to assess changes in MSA practices of 
respondents during the follow-up period; thus, we assumed 
that the exposure was time invariant. Second, the meas-
urement of MSA was crude. We only had information on 
leisure-time MSA. Much MSA can occur at a person’s 
occupation, especially among manual workers. Controlling 

for occupation in our regression models would have been 
helpful to address occupational variations in MSA, but our 
data lacked adequately consistent occupational measures 
across the survey years we employed in the analysis. Our 
measurement of MSA also did not include information 
on the muscles involved in MSA, and intensity, type, and 
duration of MSA. This information is important because 
the federal guidelines for physical activity indicates that 
MSA should be moderate or high intensity and involve all 
major muscle groups [10]. Third, due to small numbers of 
death from site-specific cancers, we were unable to exam-
ine the association of MSA with mortality from different 
types of cancer. Fourth, we did not have data on family 
history of cancer across all the survey years and thus we 
were unable to control for genetic predispositions to can-
cer in our analysis. Fifth, we did not have data on and were 
unable to control for diet, which is shown to be associated 
with many cancers [46, 47]. Sixth, the association between 
MSA and cancer mortality could be due to reverse causa-
tion, with lack of MSA being the consequence of having 
cancer or ill health resulting from cancer. However, we 
were to some extent able to account for reverse causality 
by controlling for prior diagnosis of cancer, presence of a 
chronic condition, and self-rated health. Finally, NDI has 
biases in identifying deaths among females versus males 
and non-Whites versus Whites. In the case of females, the 
bias arises because many of them change their surnames 
after marriage. In the case of non-Whites, the bias is 
because of incorrect spelling or reporting of ethnic names 
and that non-Whites are less likely to report their social 
security numbers. [48].

By showing that MSA reduces the risk of cancer mortal-
ity, this research has added to the body of literature on the 

Table 3   Hazard ratios (HR) 
and 95% confidence intervals 
(CI) for the association of 
meeting muscle-strengthening 
activity (MSA) guidelines and 
frequency of MSA with total 
cancer mortality (n = 310,628)

a Both models adjust for the effect of minutes of moderate physical activity, minutes of rigorous physical 
activity, smoking status, BMI, previous cancer diagnosis, chronic condition, self-rated health, sex, age, 
marital status, race/ethnicity, nativity, poverty status, and education
b The p value corresponds to the adjusted association of MSA as a categorical variable

Covariates Unadjusted HR (95% CI) p value Adjusteda HR (95% CI) p value

Meeting MSA 
guidelines

< 0.001 < 0.001

 Yes 0.43 (0.39, 0.47) 0.81 (0.73, 0.89)
 No 1.00 1.00

Frequency of 
MSA (times per 
week)

< 0.001 0.002b

 0 1.00 1.00
 1 0.33 (0.26, 0.42) 0.89 (0.70, 1.12)
 2 0.33 (0.27, 0.40) 0.77 (0.63, 0.95)
 3 0.39 (0.34, 0.45) 0.82 (0.70, 0.95)
 4 0.28 (0.21, 0.37) 0.71 (0.53, 0.95)
 5+ 0.58 (0.51, 0.67) 0.84 (0.73, 0.96)
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modifiable risk factors for cancer. The American Cancer 
Society currently recommends aerobic physical activity for 
cancer prevention [49]. They and other agencies that pro-
mote cancer prevention and control can use the results of 
this research to promote MSA and highlight that engaging 
in MSA twice a week is a protective factor against cancer 
mortality over and above the effect of aerobic exercise. Fur-
thermore, given that the association of MSA with cancer 
mortality holds regardless of whether or not an individual 
has a chronic condition (including a disability that may limit 
mobility) or had a prior cancer diagnosis, clinicians may 
consider promoting MSA, in addition to aerobic exercise, 
among their patients with chronic conditions or who are 
cancer survivors.
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