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HR (95% CI)

Screen Time Cases/Events Model 11 Model 2% Model 3§
All-cause mortafity [ E e :
<2 h/day 742/35 1.00 1.00
=2-<4 h/day 1,204/97 1.41 (0.77-1.61) 1.11.(0.77-1.61) 1.14 (0.78-1.65)
=4 h/day 1,204/115 1.81 (1.26-2.60) 1.57 (1.09-2.28) 1.54 (1.06-2.24)
Trend p value <0.001 0.008 0.017
CVD events , .
<2 h/day 696/14 1.00 ‘ 1.00
=2-<4 h/day 2,176/84 1.95 (1.08-3.50) 1.97 (1.09-3.57) 1.98 (1.09-3.59)
=4 h/day 1,072/65 2.56 (1.41-4.65) ) 2.14 (1.16-3.94) 2,10 (1.14-3.88)
Trend p value 0.007 0.047 0.052

*Excluding previous events, cancer registration before baseline, and events during the first year of follow-up, for screen-based entertainment groups
(compared with the referent <2 h/day screen-based entertainment group). tModel 4 covariables: age, sex; $Mode! 2: plus body mass index,

smoking, marital status, ethnicity, social class, long:

iliness, occt

| physical activity, doctor-diagnosed diabetes and hypertension;

§Model 3: plus moderate to vigorous physical activity.
Abbrevlations as in Table 2.

activity: HR: 1.0010, 95% CI: 1.0002 to 1.0018, p = 0.02)
and all-cause mortality (age- and sex-adjusted HR: 1.0018;
95% CI: 1.0013 to 1.0024, p < 0.001; fully adjusted
including physical activity: HR: 1.0011, 95% CI: 1.0005 to
1.0017, p < 0.001). Repeating the same analysis with
physical activity as the main exposure showed that the
protective effect of physical activity on all-cause mortality is
independent of screen time (nonscreen time covariable-
adjusted HR: 0.9912; 95% CI: 0.9862 to 0.9962, p = 0.001;
fully adjusted including screen time: HR: 0.9919, 95% CI:
0.9870 to 0.9968, p = 0.001). The inclusion of screen time
weakened the association between physical activity and
CVD events (nonscreen time covariable-adjusted HR:
0.9956; 95% CI: 0.9913 to 0.9998, p = 0.041; fully adjusted
including screen time: HR: 0.9960, 95% CI: 0.9918 to
1.003, p = 0.07).

Online Table 1 presents analyses stratified by physical
activity and other key risk factors. Although the statistical
power in certain strata was low due to low number of events,
effect estimates were markedly consistent in direction.
There was little evidence for an association between screen
time and CVD events among those who reported long-
standing illness (n = 2,234; 158 CVD events): fully adjusted
HR for =4 h/day: 1.70, 95% CI: 0.94 to 3.09, p = 0.15.
Despite the small number of events among those with no
long-standing illness (n = 2,016, 55 CVD events) and the
corresponding wide Cls, there was some evidence for an
association: HR for =4 h/day: 6.51, 95% CI: 1.47 to 28.8,
p = 0.046).

Explanatory analysis. A total of 1,928 cases had valid data
in all 4 potentially mediating variables (BMI, CRP, total
cholesterol, HDL cholesterol), corresponding to 70 CVD
events, and were entered in the explanatory analysis. Com-
pared with those excluded, those included had lower mean
age, higher physical activity (p = 0.002), and lower screen
time (p = 0.001) and were more likely to be married (p =
0.02), have a BMI over 30 kg/m?, have a long-standing
illness (p < 0.001), be inactive at work (p < 0.001), not to

have been diagnosed with hypertension (p < 0.001), not to
have had a CVD event (p < 0.001), and to have met the
physical activity recommendations (p < 0.001) (data not
shown). Figure 1 presents the extent to which BMI, HDL
and total cholesterol, and CRP explain the associations
between screen time and CVD events. CRP explained CVD
events to the greatest extent (18%), which was equal to the
amount explained by the 3 metabolic factors together.
These 4 biological factors explained approximately 28% of
the screen time-CVD association, with 25% explained by
BMI, HDL cholesterol, and CRP. These 3 variables (but
not total cholesterol) met the statistical criteria for being a
mediator variable (25).

Discussion

Ovur results suggest that there is an independent, deleterious
relationship of screen-based recreational sitting time with
CVD events and all-cause mortality. Compared with those
spending <2 h/day on screen-based entertainment, there
was a 48% increased risk of all-cause mortality in those
spending =4 h/day and an approximately 125% increase in
risk of CVD events in those spending =2 h/day (Table 3).
These associations were independent of traditional risk
factors such as smoking, hypertension, BMI, social class, as
well as physical activity. Our all-cause mortality results are
in agreement with a large study of Canadian adults who
were followed up for 12 years, where the all-cause mortality
HR for the highest category of nonrecreational (work,
school, housework) daily sitting time (“almost all the time”)
was 1.54 (26). Another study among >8,000 Australian
adults reported a very similar all-cause mortality HR (1.46)
for =4 h of TV watching compared with the <2 h/day
reference group (23). Both studies were also robust for
adjustments or stratifications by sex, physical activity level,
smoking, and BMI. The Canadian study, however, had
minimal control of physical health at baseline, which makes
reverse causation a strong possibility (26). In contrast, we
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n = 1,928 with valid data on all 4 risk factors. BMI = body mass index; HDL = high-density lipoprotein.

were able to exclude respondents with objectively verified
CVD/cancer at baseline and adjust for multiple indicators of
health. Our study specifically examined recreational seden-
tary time. Because the largest proportion of sitting time for
many people is spent at work and in many circumstances is
difficult to modify, our data imply that reduced recreational
sitting time might be linked to reduced risk. Although we
found no evidence of a dose-response relationship, our
analysis suggests that a threshold of =2 h/day of screen time
might be linked to an increased risk for a CVD event. The
Australian study (23) found that daily TV viewing times in
excess of 4 h/day (but not 2 to 4 h/day) were associated with
CVD death risk. We speculate that this disagreement
occurs because our exposure variable was more inclusive
than TV alone that was used in the Australian study and-
because our CVD outcome included nonfatal as well as fatal
events. We were not able to demonstrate, in contrast to the
Canadian (26) study, a clear relationship between screen
time and CVD events among those who meet the physical
activity recommendations and among those with a BMI
<25 kg/m2 (Online Table 1). In this analysis, there were
only 50 events, and as such, we speculate that the lack of a
robust and statistically important association was due to
limited statistical power. Nevertheless, the direction of the
association was markedly consistent across all strata, lending
support to our main conclusion that screen time is an
independent predictor of CVD events. Another large study
among U.S. women, Manson et al. (27), found that extreme
amounts of sitting (>16 h/day) were linked to an increased
risk for incident CVD compared with <4 h/day after 6

years of follow-up. Such levels of sitting imply that an
individual spends their entire waking time sitting, but there
was no evidence for adverse effects of smaller amounts of
daily sitting (27). :

Biological mediators. The precise pathways linking sitting
and cardio-metabolic disease are unclear. It has been sug-
gested that metabolic mechanisms might partly explain
these links (15), and data from animals have demonstrated
that prolonged sitting might disturb lipid metabolism.
There is evidence for a dramatic reduction of lipoprotein
lipase activity (by 80% to 90%) during sitting compared with
standing up or ambulating (28). Lipoprotein lipase is a key
enzyme for the catabolism of triglyceride-rich lipoproteins
in the endothelium, and its reduced activity might raise the
possibility of other metabolic actions being impaired (15).
Our study provides novel findings to suggest a role of
metabolic and inflammatory pathways in partly explaining
the association between sitting and CVD risk. A well-
established marker of low-grade inflammation, CRP, was
approximately 3-fold higher in participants spending more
than 4 h/day in screen time and explained a substantial
amount of the screen time~CVD association. Because
screen time was assessed at the same time point as the risk
markers, we cannot establish the nature of the temporal
relationship between these factors. Nevertheless, our results
are in concordance with another study of ours with clear
temporal element, which found that TV viewing at age 23
years was independently associated with composite factors
of metabolic (including HDL and BMI) and hemostatic/
inflammatory (including CRP) but not with cholesterol
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(total or LDL) biomarkers at 42 years (29) (Stamatakis et al.,
unpublished observations, January to February, 2010). Both
sets of our results are partly corroborated by experimental data
in humans. The induction of 5 days bed rest, which represents
an extreme form of sedentary behavior, had profound effects on
various metabolic risk (including insulin resistance and vascular
dysfunction) but not on inflammation (30). Thus, low-grade
inflammation might only result from chronic exposure to
sedentary lifestyle. A further important mechanism might
be related to a decreased expression of endothelial nitric
oxide synthase that is caused from reduced local shear stress
as a result of lower blood flow from excessive sitting. Further
experimental studies will be required to determine the exact
mechanisms accounting for increased CVD risk during
prolonged inactivity in humans.

Strengths. The main strengths of this study are the de-
tailed measures we were able to take to minimize reverse
causality, the many potential confounders we included in
our models, and the objectively confirmed CVD events.
Other strengths include the nationally representative sample
that is expected to have adequate variability in terms of
primary and secondary exposures, and therefore it is appro-
priate to examine the relationships of interest.

Study limitations. Screen time was self-reported. The TV
and computer use questions have been shown to underesti-
mate sedentary time when compared with accelerometry
(31). Although we have no information on the reliability
and criterion validity of the SHS03 screen time questions,
we observed the expected associations of screen time with
various sociodemographic variables, which provides conver-
gent validity evidence of the screen time data. It is also
encouraging that a recent review (7) concluded that TV and
computer use time questions have the strongest reliability
and validity among sitting-related questions. Although
screen time is a partial indicator of overall sitting, TV and
computer use account for the overwhelming proportion of
leisure time sitting among British adults (32). Also, screen
entertainment time tends to be associated with excess calorie
consumption, but we were unable to account for dietary
intake, although our results were independent of BMI
Finally, our explanatory analyses were limited by the small
sample size available, due to limited compliance with blood
measurements.

Conclusions

We found a deleterious relationship between recreational
sitting and all-cause mortality and cardiovascular events.
Our analyses suggest the relationship is independent of
physical activity, although further studies that employ ob-
jective measures of activity and sedentary time are required
to confirm this. We also provide evidence to suggest a role
of metabolic and inflammatory pathways in partly explain-
ing the association between sitting and CVD risk. Further
experimental studies will be required to determine the exact
mechanisms. Our results support the inclusion of a seden-
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tary behavior guideline in public health recommendations
for CVD prevention.
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ABSTRACT

WARREN, T. Y., V. BARRY, S. P. HOOKER, X. SUI, T. S. CHURCH, and S. N. BLAIR. Sedentary Behaviors Increase Risk of
Cardiovascular Disease Mortality in Men. Med. Sci. Sports Exerc., Vol. 42, No. 5, pp. 879-885, 2010. Purpose: The purpose of this
study was to examine the relationship between two sedentary behaviors (riding in a car and watching TV) and cardiovascular disease
(CVD) mortality in men in the Aerobics Center Longitudinal Study. Methods: Participants were 7744 men (20-89 yr) initially free of
CVD who returned a mail-back survey during 1982. Time spent watching TV and time spent riding in a car were reported. Mortality
data were ascertained through the National Death Index until December 31, 2003. Cox regression analysis quantified the association
between sedentary behaviors (hours per week watching TV, hours per week riding in a car, and total hours per week in these two
behaviors) and CVD mortality rates. Results: Three hundred and seventy-seven CVD deaths occurred during 21 yr of follow-up. After
age adjustment, time riding in a car and combined time spent in these two sedentary behaviors were positively (Pyena < 0.001)
associated with CVD death. Men who reported >10 h-wk ™' riding in a car or >23 h-wk ™' of combined sedentary behavior had
82% and 64% greater risk of dying from CVD than those who reported <4 or <11 h-wk ™!, respectively. The pattern of the association
did not materially change after multivariate adjustment. Regardless of the amount of sedentary activity reported by these men, being
older, having normal weight, being normotensive, and being physically active were associated with a reduced risk of CVD death.
Conclusion: In men, riding in a car and combined time spent in these two sedentary behaviors were significant CVD mortality
predictors. In addition, high levels of physical activity were related to notably lower rates of CVD death even in the presence of high
levels of sedentary behavior. Health promotion efforts targeting physically inactive men should emphasize both reducing sedentary
activity and increasing regular physical activity for optimal cardiovascular health. Key Words: CARDIOVASCULAR DISEASE
RISK, SEDENTARY LIFESTYLE, TV VIEWING, PHYSICAL ACTIVITY

SADN3IDS DISvd

hysical inactivity has become a major public health
concern because it is the second leading single cause
of death in the United States, trailing only tobacco use
(31). Physical inactivity is also associated with increased risk
of morbidity or worsening of many chronic diseases and
health conditions. Some of these maladies include cardio-
vascular disease (CVD), congestive heart failure, stroke,
certain cancers, osteoporosis, obesity, type 2 diabetes, and
hypertension (28).
In 2008, the Physical Activity Guidelines for Americans
Advisory Committee concluded that adults should accumu-
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late 150 min of moderate-intensity physical activity or
75 min of vigorous-intensity physical activity or a combi-
nation of both each week (36). Research has also shown
that meeting these guidelines is associated with better CVD
risk profiles (13) as well as reduced risk of mortality (29).
In 2005, the Centers for Disease Control and Prevention
estimated that 37.7% of the U.S. population did not par-
ticipate in the recommended amount of physical activity
needed for health benefits, whereas an additional 14.2% did
not participate in more than 10 min of moderate or vigorous
physical activity throughout the average week (9).
Sedentary pursuits represent a unique aspect of human
behavior and should not be viewed as simply the extreme
low end of the physical activity continuum. For example,
several studies have demonstrated that excess TV viewing
time, independent from overall physical activity levels, is
adversely associated with metabolic risk factors (18). The
effects of extended periods of sedentary behavior in other-
wise physically active persons have begun to be elucidated,
and they seem to be characterized by metabolic alterations
commonly seen in diabetogenic and atherosclerotic pro-
files (4,18,22,27). However, to date, formal public health
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recommendations on limiting sedentary behavior have not
been developed, although the case for doing so has been
recently presented (18).

Dong et al. (14) showed that, on average, adults spend
170 mind™" watching TV, which accounted for 8.6% of
daily total energy expenditure. They also found that time
spent driving in the car was the largest contributor to daily
total energy expenditure (10.9%; not including sleeping).
Furthermore, recent studies using objective measures of
physical activity observed that adults spent nearly 55%—-57%
of their monitored time or 7.7 h-d”" in sedentary behaviors
(21,30). Nonetheless, few studies have linked sedentary
behaviors, such as riding in a car and watching TV, to CVD
mortality.

Because a large proportion of daily time is spent in
sedentary activities, and extended periods of sedentary
behavior are associated with adverse metabolic profiles
(4,18,21,22), more research is needed on the public health
impact of various sedentary behaviors. We therefore
examined the relationship between two common sedentary
behaviors (i.e., riding in a car and watching TV) and CVD
mortality in over 7700 men from the Aerobics Center
Longitudinal Study (ACLS).

METHODS

Participants. The data for this study were obtained
from the ACLS, a cohort study investigating the influence
of physical activity on health outcomes among healthy
adults at the Cooper Clinic (Dallas, TX). Potential par-
ticipants were mailed the 1982 survey. A total of 11,972
individuals returned the 1982 survey. After deceased sub-
jects and incorrect addresses were taken into account, the
response rate of this survey was 77%. Participants were not
included in the present study if, at baseline, they had in-
complete data on the two sedentary behaviors (n = 529); if
they reported a history of myocardial infarction (n = 560),
stroke (n = 73), or cancer (n = 476); if they had missing
data on age (n = 313) or gender (n = 192); or if they were
women (n = 2085). These criteria resulted in 7744 men for
analysis. Participants were self-referred or employer re-
ferred to the clinic for various services such as preventive
medical examinations and health, nutrition, and exercise
counseling. Most participants were Caucasian from middle
or upper socioeconomic strata. All participants provided
written consent to participate in the follow-up study. The
Cooper Institute institutional review board annually
reviewed and approved the study protocol. Additional
details of the ACLS methods have been described previ-
ously (5,6).

Sedentary behaviors. During the 1982 survey, par-
ticipants were asked to report their average time (hwk ')
viewing TV and riding in a car. We computed combined
sedentary behavior in hours per week engaged in these two
behaviors. Combined sedentary behavior was the primary
exposure, and time viewing TV and time riding in a car were

secondary exposures. We classified participants according
to categories of sedentary behavior time. Primary and sec-
ondary exposures were categorized into quartiles.

Covariates. Age (yr) and height (inches; 1 inch =
0.025 m) and weight (Ib; 1 1b = 0.45 kg) were self-reported.
Body mass index (BMI) was dichotomized as less than
25 kg'm™? (normal) and 25 kg'm™? or greater (overweight
or obese). Physically inactive or active was assessed by
questions asking the participant to rate their physical
activity level (including both leisure and work activities)
as compared with others of the same age and sex. Those
who answered “extremely inactive,” “inactive,” or “some-
what inactive” were classified as physically inactive,
whereas others who reported “about average,” “somewhat
active,” “active,” or “extremely active” were classified
physically active. Hypertension was defined as a history of
physician diagnosis or taking high blood pressure medicine.
Diabetes was defined as a history of physician diagnosis
or taking insulin. Hypercholesterolemia was defined as a
history of physician diagnosis. Other covariates included
smoking, alcohol intake (drinks per day), and family history
of CVD.

Mortality surveillance. All participants were followed
from the date of their return survey until the date of their
death or until December 31, 2003. The National Death
Index was the primary data source for mortality surveil-
lance, augmented with death certificates. The underlying
cause of death was determined from the National Death
Index report or by a nosologist’s review of official death
certificates obtained from the department of vital records in
the decedent’s state of residence. CVD mortality was de-
fined by the International Classification of Diseases, Ninth
Revision codes 390-449.9 before 1999 and the Interna-
tional Classification of Diseases, Tenth Revision codes 100
to 178 during 1999-2003.

Statistical analyses. Baseline characteristics of the
population were estimated by vital status. Differences in
covariates were tested using Student ztests and chi-square
tests. We conducted a multivariable Cox regression analy-
sis to evaluate the association between sedentary behavior
and CVD mortality. Hazard ratios (HR), 95% confidence
intervals (CI), and CVD mortality rates (deaths per 10,000
person-years of follow-up) were estimated by comparing
each category of sedentary behavior to the lowest category.
Multivariable analyses included controls for baseline mea-
sures: age (yr), physically inactive (yes or no), smoking
status (current smoker or not), alcohol intake (less than one,
between one and two, and more than two drinks per day),
BMI (kg-m_Z), hypertension (yes or no), diabetes (yes or
no), hypercholesterolemia (yes or no), and family history of
CVD (yes or no). We assessed linear trends in the asso-
ciation of sedentary behavior with the mortality risk by
entering into the models the ordinal score of each exposure
and treating this variable as continuous. Cumulative hazard
plots grouped by exposure suggested no appreciable vio-
lations of the proportional hazards assumption.
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TABLE 1. Baseline characteristics of study participants by vital status during follow-up.

All (N = 7744), Men Who Did Not Die from CVD Men Who Died from CVD

Characteristic mean (SD) or n (%) (n =7367), mean (SD) or n (%) (n = 377), mean (SD) or n (%) P Value
Age (yr) 47.1 (10.1) 46.5 (9.8) 57.5 (10.4) <0.0001
Black (%) 42 (0.5) 40 (0.5) 2 (0.5) 1.0
High school or less education (%) 344 (4.4) 308 (4.2) 36 (9.6) <0.0001
BMI (kgm™2) 255 (3.2) 25.5 (3.2) 26.6 (3.8) 0.009
Physically inactive (%)° 1627 (21.0) 1535 (20.8) 92 (24.4) 0.1

Riding in a car (h-wk™") 8.5 (6.4) 8.5 (6.4) 9.2 (6.7) 0.06

Watching TV (hwk™") 9.2 (7.6) 9.1 (7.6) 10.0 (7.4) 0.04

Combined sedentary behavior (hwk™") 17.7 (10.5) 17.7 (10.6) 19.1 (10.3) 0.009
Current smoker (%) 816 (10.5) 755 (10.3) 61 (16.2) 0.0003
Alcohol intake (drinks per day) (%)? 0.09

<1 4853 (62.7) 4597 (62.4) 256 (67.9)

1-2 1714 (22.1) 1645 (22.3) 69 (18.3)

>2 1177 (15.2) 1125 (15.3) 52 (13.8)
Abnormal ECG (%) 470 (6.4) 439 (6.2) 31 (8.7) 0.07
Hypertension (%)° 1458 (18.8) 1297 (17.6) 161 (42.7) <0.0001
Diabetes (%)? 186 (6.0) 154 (2.1) 32 (8.5) <0.0001
Hypercholesterolemia (%)° 465 (6.0) 422 (5.7) 43 (11.4) <0.0001
Family history of CVD (%) 1961 (25.3) 1832 (24.9) 129 (34.2) <0.0001

4 Physically inactive is defined as reporting extremely inactive, inactive, or somewhat inactive from the 1982 survey.

® One unit of alcohol is defined as 12 oz (3.41 dL) of beer, 5 oz (1.421 dL) of wine, or 1.5 0z (0.4262 dL) of hard liquor.
° Hypertension is defined as a history of physician diagnosis or taking high blood pressure medicine.

9 Diabetes is defined as a history of physician diagnosis or taking insulin.

€ Hypercholesterolemia is defined as a history of physician diagnosis.

METs, maximal metabolic equivalents; CVD, cardiovascular disease.

We repeated the analyses after stratifying by age, base-
line BMI, physical activity, and hypertension status to assess
effects within subgroups. All P values were calculated
assuming two-sided alternative hypotheses; P values < 0.05
were taken to indicate statistically significant comparisons.
All analyses were performed using SAS statistical software,
Version 9.1 (SAS Inc., Cary, NC).

RESULTS

There were 7744 participants in the study, of which 377
experienced fatal CVD during 21 yr of follow-up. Compar-
isons of baseline characteristics of men who did and did not
experience fatal CVD are presented in Table 1. Men who

TABLE 2. HR (95% Cl) of CVD mortality according to quartiles of sedentary behaviors.

did not die from CVD, for the most part, were younger, had
higher than high school education, and had lower BMI
compared with men who experienced CVD deaths. Men
who did not die from CVD also had a more favorable CVD
risk profile (e.g., less likely to have risk factors such as
hypertension, diabetes, hypercholesterolemia, and family
history of CVD).

As seen in Table 1, there was no significant difference
between the two groups for time reported riding in a car
(Pyend = 0.06). However, time spent viewing TV, 9.1 £ 7.6
versus 10.0 £ 7.4 h-wk ™!, was significantly different between
the non—CVD death and the CVD death groups, respec-
tively (P = 0.04). After combining both sedentary behaviors,
there was a significant difference observed between groups

Quartiles of Sedentary Behavior

o
>
v
N
w
0
m
=
N
m
wn

1 (lowest) 2 3 4 Prreng

Riding in a car (hwk™")

Range <4 4-7 7-10 >10

Cases 66 93 110 108

n 1558 1909 2383 1894

Age-adjusted HR (95% CI) 1 1.14 (0.83-1.57) 1.33 (0.98-1.80) 1.82 (1.34-2.47) <0.0001

Multivariate HR (95% C1)* 1 1.09 (0.78-1.52) 1.23 (0.89-1.70) 1.50 (1.08-2.09) 0.01
Watching TV (hwk™")

Range <4 4-8 8-12 >12

Cases 67 115 95 100

n 1795 2473 1611 1865

Age-adjusted HR (95% Cl) 1 1.20 (0.89-1.62) 1.56 (1.14-2.13) 1.27 (0.93-1.73)
Multivariate HR (95% CI)® 1 1.02 (0.74-1.42) 1.27 (0.90-1.78) 0.96 (0.68-1.36) 0.94
Combined sedentary behavior (nwk ™)

Range <11 11-15 16-23 >23

Cases 77 70 122 108

n 2011 1689 2211 1833

Age-adjusted HR (95% Cl) 1 1.18 (0.85-1.63) 1.53 (1.15-2.03) 1.64 (1.23-2.20) 0.0002

Multivariate HR (95% CI)? 1 1.08 (0.77-1.54) 1.33 (0.96-1.83) 1.37 (1.01-1.87) 0.04

2 Adjusted for age, physically inactive, current smaker, alcohol intake (less than one, between one and two, and more than two drinks per day), BMI, family history of CVD, hypertension,
diabetes, and hypercholesterolemia.

SEDENTARY BEHAVIOR AND CARDIOVASCULAR DISEASE Medicine & Science in Sports & Exerciseg 881

-1297-



wy
Ll
U
P
—
O
wv
-
1%
<
[aa]

(P = 0.009): 17.7 + 10.6 versus 19.1 £ 10.3 hwk™' in the
non—CVD death and CVD death groups, respectively.

Table 2 presents the association between sedentary
behaviors and CVD mortality in men. Sedentary behaviors
were grouped into quartiles of hours spent engaged in that
behavior; higher quartiles represented more sedentary
hours. After adjusting for age, a positive gradient of CVD
mortality risk was observed across incremental quartiles of
riding in a car (Pyeng < 0.0001) and combined sedentary
behavior (Pyena = 0.0002) but not in watching TV (Pyeng =
0.07). The direct association between car riding, combining
sedentary behavior, and CVD mortality remained signifi-
cant after further adjusting for current smoking, alcohol
intake, family history of CVD, BMI, hypertension, diabetes,
hypercholesterolemia, and physical inactivity across time
spent riding in a car (Pyenq = 0.01) and combined sedentary
behavior (Pyeng = 0.04). Participants who reported
>10 h'wk ™! riding in a car had a 50% greater risk of dying
from CVD than the referent group (reporting <4 h-wk ™)
after adjusting for multiple variables. After combining the
reported hours of sedentary behavior, participants who
reported >23 h-wk™! of sedentary behavior had a 37%
greater risk of CVD mortality compared with individuals
who reported <11 h-wk™!. Excluding the first year of
follow-up did not materially change the magnitude or
pattern of the associations observed. To investigate the bias
due to the reverse causation between the exposures and the
CVD mortality, we stratified data by follow-up time (0-10,
11-15, and 15+ yr). The associations between time watch-
ing TV and CVD mortality were consistent across the
follow-up period. The associations between riding in a car
and combined sedentary behavior and CVD mortality were
variable; however, the overall patterns of the associations
were similar compared with the main findings displayed in
Table 2.

Figure 1 illustrates the multivariate-adjusted HR and the -

95% CI by quartiles of time in riding in a car across groups
according to age (Fig. 1A), BMI (Fig. 1B), physical activity
category (Fig. 1C), and hypertension status (Fig. 1D). HR
were significantly associated with the time spent riding in a
car within stratum of being younger (<60 yr old, Pyend =
0.0009), overweight (BMI > 25, Pyeng = 0.004), physically
inactive (Pyeqa = 0.02), and hypertensive (Pyena = 0.03). A
similar pattermn of association was observed with time spent
in combined sedentary behavior.

DISCUSSION

The objective of this study was to assess the association
of two common sedentary behaviors, riding in a car and
watching TV, with CVD mortality in men. In age-adjusted
analysis, TV watching, riding in a car, and combined seden-
tary behavior were significantly associated with risk of
CVD mortality. However, multivariate-adjusted analysis
resulted in no association of time watching TV and CVD

A 4. Age < 60 years 4. Age 2 60 years
8 35 - 3.5 -
%\: 3 - 3 -
@25 25 -
8 E
g 1.5 1.5 l ‘
1 - . I
g o] r
0.5 0.5 -
Pror trena = 0.0009 Por trena = 0.92
0 : : -7 -0 1 1
<4 4-7 7-10  >10 <4 4-7 7-10 >10
No. 1337 1656 2134 1726 221 253 249 168
CVD death No. 28 42 57 75 37 51 53 33
BMI <25 BMI 2 2!
Bas 35 5
o 3 3
Gl
§ 25 25
e 2 2
@15 - 15 -
b=
g 14 . i i 14 .
Tos ! 0.5
o Pfcr trend = 0.67 0 Pfar trend = 0.004
<4 47 710 >10 <4 4-7 7-10  >10
No. 903 1072 1304 903 655 837 1079 991
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C Physically active Physically inactive
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R
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2
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5
fos5 0.5
Pior trend = 0-18 Por trana = 0-03
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No. 1272 1568 1934 1512 286 341 449 382
CVD death No. 41 54 &1 60 25 39 49 a8

FIGURE 1-—Multivariate-adjusted* HR and 95% confidence inter-
vals (CI) by guartiles of time spending in riding in a car across age
groups (A), body mass index (BMI) groups (B), physical activity
categories (C), and hypertension status (D) in 7744 men. *Adjusted by
age, current smoker, alcohol intake (less than one, between one and
two, and more than two drinks per day), family history of CVD,
diabetes, hypercholesterolemia, and each of other variables in the
figures. Likelihood ratio test for interaction, x* = 3.21, df =1, P=0.07,
for age-riding in a car; x> = 3.67, df = 1, P = 0.055, for BMI-riding in a
car; )(2 = 2.53, df = 1, P = 0.11, for physically inactive-riding in a car;
and x* = 0.24, df = 1, P = 0.62 for hypertension-riding in a car.
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mortality risk. Riding in a car (>10 hwk™') and combined
sedentary behavior (>23 h-wk™!) remained significantly
associated with 48% and 37% increased risk of CVD
mortality, respectively, as compared with the referent groups
(<4 and <11 hwk ™). Results further showed that, regardless
of time spent in riding in a car or in combined sedentary
behavior, being older, having normal weight, being normo-
tensive, and being physically active were associated with a
lower risk of CVD mortality in this cohort.

Beginning in the 1950s, physical inactivity was reported
to be associated with atherosclerosis (32,33). Since that
time, evidence has accumulated linking physical inactivity
to incident CVD (1,2,17,28,29). Emerging physical inac-
tivity research assesses the role of various sedentary be-
haviors. During the last decade, numerous epidemiological
studies have shown that indicators of physical inactivity
such as TV viewing, driving in a car, and sitting are
strongly related to the risk for developing dyslipidemia
(1,2), obesity (24,26), type 2 diabetes (21,23,24), hyper-
tension (3,26), metabolic syndrome (18), and CVD
(2,3,7,18,24,26). Limited studies have also revealed that
sedentary behavior may increase the risk for CVD mor-
tality (24,26,27). Despite these findings, to date there are
no public health recommendations for adults regarding the
amount of time an individual should spend engaged in
sedentary behaviors (19).

Very few studies have assessed the independent asso-
ciation of time spent riding in a vehicle and CVD mor-
tality. Some of the early work on this topic by Morris and
Crawford (32) showed a positive relationship between men
with sedentary occupations and the incidence of CVD mor-
tality. In that study, London bus drivers were 1.8 times
more likely than bus conductors to develop coronary heart
disease (32). Actual time spent driving a bus was not as-
sessed; however, it can be assumed that bus drivers spent
more weekly hours driving compared with bus conductors.
The present study indicated that riding in a car >10 h-wk ™"
increased CVD mortality risk by 48%. Further research
in diverse groups of men and women is needed to clarify
the relationship between hours spent riding in a car and
risk of CVD mortality.

Research suggests that, on average, adults are quite sed-
entary spending >7.7 h-d”! involved in activities resulting
in very low energy expenditure (8,21,30). Recent reports
estimate that more than 60% of American adults are not
regularly active, and 25% of the adult population is phys-
ically inactive (9). More recently, it was reported that a
large percentage of daily energy expenditure comes from
sedentary behaviors and leisure time activities. Dong et al.
(14) reported driving a car and watching TV as the second
and the fourth largest contributors to daily energy expen-
diture, respectively. Despite no other studies relating total
sedentary behavior to CVD risk factors, incidence, or mor-
tality having been published, our results combined with
previous findings indicate that decreasing time spent in total
sedentary behavior may increase overall physical activity

and energy expenditure and therefore decrease the risk of
CVD mortality.

Another major finding of our study was that, for any given
amount of time spent riding in a car, men who were physi-
cally active (Fig. 1C) maintained lower CVD mortality rates
than men who were classified as physically inactive. Re-
search indicates that physical activity is protective against
CVD mortality (16) and that less-active individuals have a
greater associated risk of obesity (7,18,24,37), hypertension
(3), diabetes (18,24), and some forms of cancer (20), thus
resulting in increased mortality (15,17,25). Previous ACLS
reports have shown that being aerobically unfit due to insuf-
ficient amounts of regular physical activity is an independent
predictor of mortality and nonfatal disease (34,35). In addi-
tion, other evidence indicates that higher levels of aerobic
fitness, a strong indicator of a person’s recent level of physi-
cal activity, are protective against all-cause and CVD mor-
tality in men in the presence of overweight and obesity (37),
type 2 diabetes (10,11), and hypertension (12). One other
study of sedentary behavior determined that physically
active men and women had lower rates of CVD mortality
in the presence of elevated time spent sitting (27). The cur-
rent study’s findings add to the cumulative evidence for
the benefits of being physically active despite the pres-
ence of other potentially health-diminishing behaviors and
conditions.

A growing body of research is beginning to elucidate the
mechanistic pathways that contribute to the health risks asso-
ciated with sedentary behaviors. Some of the mechanisms
may include adverse alterations to cardiac function, glucose
homeostasis, and lipid metabolism (4,18,21,27). Recent
findings suggest that physiologic mechanisms associated
with excessive sedentary behavior are different than the
physiologic benefits of regular exercise (18). This may help
to partially explain the elevated risk of CVD mortality noted
in physically active men who also demonstrated high levels
of total sedentary behavior in the current study. Additional
research to ascertain the pathophysiologic mechanisms
associated with total and segmented components of sedentary
behavior is well warranted.

This study had several strengths. The relatively long
follow-up (21 yr) was sufficient to accumulate enough fatal
end points to assess the association of sedentary behaviors
and CVD mortality. An extensive physical examination also
provided detailed information on the absence or presence of
medical conditions and CVD risk factors. The limitations of
the study include the representativeness of the study cohort,
which was male, primarily white, well educated, and of
middle to upper socioeconomic status. Thus, results may not
be generalized to other populations; however, it should
not affect the internal validity, which may be considered a
strength. There may be confounding subclinical diseases
affecting the outcome of the study. However, the probability
of these diseases affecting the relationship between seden-
tary behavior and CVD mortality is low, especially when
considering the extensive baseline medical examination and
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observing a lack of change in the associations when elimi-
nating participants with CVD events in year 1 of follow-up.
Data were only available at baseline, so changes in the
exposure variables during the follow-up period could not be
assessed. Although true exposure could have changed sig-
nificantly within many subjects during follow-up, there was
still a remarkably strong relationship between time spent
riding in a car and CVD mortality. This source of error
likely led to an underestimation of the full magnitude of
sedentary behavior upon the risk of CVD mortality. The status
of being physically inactive or active was self-reported with a
very crude assessment and could have resulted in some mis-
classification. Finally, we do not have sufficient data on diet
and medication usage to include in the analytic models.
Despite these limitations, the results revealed a strong asso-
ciation between self-reported sedentary behaviors and CVD
mortality risk.

The magnitude of the association between combined sed-
entary behavior and CVD mortality observed in this study is
clinically relevant. In this prospective study of 7744 men,
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Handgrip Strength and Mortality in Older Mexican Americans

Soham Al Snib, MD, *t* Kyriakos S. Markides, PbD,™ Laura Ray, MPA,*
Glenn V. Ostir, PhD,*'t and James S. Goodwin, MD*#*

OBJECTIVES: To examine the association between hand-
grip strength and mortality in older Mexican American
men and women.

DESIGN: A 5-year prospective cohort study.

SETTING: Five southwestern states: Texas, New Mexico,
Colorado, Arizona, and California.

PARTICIPANTS: A population-based sample of 2,488
noninstitutionalized Mexican-American men and women
aged 65 and older.

MEASUREMENTS: Maximal handgrip strength, timed
walk, and body mass index were assessed at baseline dur-
ing 1993/94. Self-reports of functional disability, various
medical conditions, and status at follow-up were obtained.

RESULTS: Of the baseline sample with complete data,
507 persons were confirmed deceased 5 years later. Aver-
age handgrip strength =+ standard deviation was signifi-
cantly higher in men (28.4 kg = 9.5) than in women (18.2
kg = 6.5). Of men who had a handgrip strength less than
22.01 kg and women who had a handgrip strength less
than 14 kg, 38.2% and 41.5%, respectively, were dead 5
years later. In men in the lowest handgrip strength quar-
tile, the hazard ratio of death was 2.10 (95% confidence
interval (CI} = 1.31-3.38) compared with those in the
highest handgrip strength quartile, after controlling for so-
ciodemographic variables, functdonal disability, timed
walk, medical conditions, body mass index, and smoking
status at baseline, In women in the lowest handgrip
strength quatrtile, the hazard ratio of death was 1.76 (95%
Cl = 1.05-2.93) compared with those in the bighest hand-
grip strength quartile. Poorer performance in the timed
walk and the presence of diabetes mellitus, hypertension,
and cancer were also significant predictors of mortality §
vears later.

From the *Department of Internal Medicine, 1Sealy Center on Aging, and
fDepartment of Preventive Medicine and Community Health, University of
Texas Medical Branch, Galveston, Texas.

This study was supported by Grants AG10939 and AG17231 from the Na-
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University of Texas Medical Branch, Galveston, TX 77553, E-mail:
soalsnih@utmb.edu

CONCLUSION: Handgrip strength is a strong predictor
of mortality in older Mexican Americans, after controlling
for relevant risk factors, ] Am Geriatr Soc 50:1250-1236,
2002.

Key words: grip strength; aging; mortality; survival analy-
sis; Mexican Americans

Studies predicting mortality in older people aim to iden-
tify risk factors enabling early intervention and effec-
tive treatment and rehabilitation to help increase active life
expectancy and improve quality of life.! These factors in-
clude age, gender, physical and mental health, self-rated
health, and lifestyle behaviors, -

Decreased muscle strength in old age is related to
functional limitations and upper and lower body disabil-
ity. Factors associated with muscle weakness in upper and
lower extremities in older people include decreased physi-
cal activity, lower hormone levels, lower body weight, un-
dernutrition, chronic disease, and more medications to
treat disease.*!? Poor upper body muscle strength as mea-
sured by handgrip strength has been associated with dis-
ability in older people.2 Poor lower body function, as
measured by tests of walking, balance, and chair stands, is
associated with poor health status, physiological alter-
ations such as low albumin and hemoglobin levels, poor
muscle strength, obesity, physical inactivity, and mortal-
ity Mgt

Nevertheless, only a limited number of studies have
investigated the association of grip strength with mortal-
ity. The grip strength test is commonly used to evaluate
the integrated performances of muscles by determining
maximal grip force that can be produced in one muscular
contraction,® and grip strength has frequently been used
as a marker for general muscle strength, 1

Laukkanen et al.! found a strong association between
grip strength and mortality in a cohott of older people in
Jyviskyld, Finland. Rantanen et al.** reported a gradient
of decreasing mortality risk with increasing grip strength
in a cohort of men living in Hawaii. Phillips et al.*s found
that reduced grip strength was associated with increased
risk of mortality in women with acute illness. Fujita et
al.,’ in health-promotion centers in Japan, found a rela-

JAGS 30:1230-1256, 2002
© 2002 by the American Geriatrics Society
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tionship berween low grip strength and increased risk of
death in men but not in women.

Little is known abount muscle strength as a predictor
of mortality in older Mexican Americans. The purpose of
this study was to examine muscle strength estimated by
handgrip strength as a predictor of mortality using a large
population-based sample of older Mexican-American men
and women over a 5-year period. Because of gender differ-
ences in muscle strength, the analysis was conducted sepa-
rately for men and women. 7

METHODS
Sample

Data employed are from the Hispanic Established Popula-
tion for the Epidemiological Study of the Elderly (EPESE),
a longitudinal study of Mexican Americans aged 65 and
older, residing in Texas, New Mexico, Colorado, Arizona,
and California. The Hispanic EPESE was modeled after
previous EPESE studies conducted in New Haven, East
Boston, rural lIowa, and North Carolina.?” Subjects were
selected by area probability sampling procedures that in-
volved selection of counties, census tracts, and households
within selected census tracts. Door-to-door screening
yielded in-home interviews with 3,050 older Mexican
Americans during the fall of 1993 and spring of 1994, The
response rate was 83%, which was comparable with the
other EPESE studies;¥ 2,873 subjects were interviewed in
person and 177 {5.8%) by proxy. When weighted for the
actual number of older Mexican Americans in the five-
state area, the sample represents approximately 500,000
Mexican Americans aged 65 and older.

The present study used baseline data and data ob-
tained at the S-year follow-up assessment (1998/99). For
the analysis, we include persons with complete data on the
handgrip strength measure and other relevant variables at
baseline. OFf the 2,488 eligible subjects at baseline, 507
were confirmed dead 5 years later through Epidemiology
Resources Incorporated using the Social Security Adminis-
tration’s Death Master Files and reports from relatives. Of
the deceased, 261 (24.7%) were men and 246 (17.2%)
were women; 193 (6.3 %) additional subjects were lost to
follow-up.

MEASURES
Grip Strength Test

Using a hand-held dynamometer (Jaymar Hydraulic Dy-
namo-meter, model #5030]J1, J.A. Preston Corp., Clifton,
NJ) handgrip strength was measured in kg at baseline
{1993/94). With subjects in a sitting position, with elbow
resting on the rable and palm facing up, the dynamometer
was placed in their dominant hand. Grip size was adjusted
50 that they felt comfortable while squeezing the grip. Sub-
jects then were instructed and verbally encouraged to
squeeze the handgrip as hard as they could. A trained in-
terviewer administered the test, and two trials were per-
formed, with the higher of the two handgrip scores used
for scoring purposes. Scores were divided into approxi-
mate quartiles, separately, for men and women, For men,
a grip strength of less than 22.00 kg received a score of 1,
22.01 to 30.00 kg a score of 2, 30.01 to 35.00 kg a score

of 3, and 35.01 kg or more a score of 4. For women, a grip
strength of < 14.00 kg received a score of 1, 14.01 to
18.20 kg a score of 2, 18.21 1o 22.50 kg a score of 3, and
22.51 kg or more a score of 4. The hand-held dynamome-
ter has been shown to be a reliable and valid instrument in
older persons.b13,3839

Functional Disability

Functional disability was assessed using seven items from
a modified version of the Katz activities of daily living
{ADL) scale*® and 10 items from the instrumental activities
of daily living (IADL) scale.** ADLs include walking
across a small room, bathing, grooming, dressing, eating,
transferring from a bed to a chair, and using the toilet.
The original version of the Katz ADL scale*? was modified
by removing continence, because incontinence may be
present in individuals who otherwise display no disability,
and by adding grooming and ability to walk across a small
room. Subjects were asked whether they could perform the
ADL activity without help, if they needed help, or if they
were unable to perform the activity. For the analysis, ADL
disability was dichotomized as no help needed versus
needing help with or unable to perform one or more of the
seven ADL activities. IADLs include use of the telephone,
driving a car or being able to travel alone, going shopping
for groceries/clothes, preparing meals, doing light house-
work, taking medicine, handling money, doing heavy work
around the house, walking up and down stairs, and walk-
ing half a mile. Subjects were asked to indicate whether
they could perform the IADL activity alone or needed help
performing the activity. For the analysis, IADL disability
was dichotomized as no help needed versus needing help
to perform one or more of the 10 1ADL activities.

Performance-Based Measures of Mobility

In this analysis, we used an 8-foot timed walk as a mea-
sure of mobility. This measure has been shown to be the
most discriminating lower body measure of future func-

_tional ability’* and was a strong predictor of short-term

mortality? in the present sample. An 8-foot walk was
timed twice to the nearest second with the faster of the
two walks used for scoring purposes.’! Scores were di-
vided into approximate quartiles. A time of 9.0 seconds or
longer received a score of 1, 6.0 to 8.0 seconds a score of
2,4.0 to 5.0 seconds a score of 3, and 3.0 seconds or less a
score of 4; higher scores indicate faster walking speed. The
8-foot walk measure has demonstrated a high test-retest
reliability. 55

Covariates

Baseline sociodemographic variables include gender, age
(65~74, 75-84, =8S5), marital status, years of education
{0, 1-6, 711, =12), and language of interview (Spanish
or English). The presence of various medical conditions
was assessed with a series of questions asking subjects
whether a doctor had ever rold them that they had arthri-
tis, diabetes mellitus, heart attack, hypertension, stroke,
cancer, or hip fracture. Body mass index (BMI) was com-
puted by dividing weight in kilograms by height in meters
squared. Anthropometric measurements were collected in
the home using the methods and instructions employed in
other EPESE studies. Height was measured using a tape
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placed against the wall and weight using a Metro 9800
measuring scale (Metro Corp., Las Cruces, NM). Four
BMI categories were created: less than 22 kg/m?, 22 kg/m?
to less than 26 kg/m?, 26 kg/m? to less than 30 kg/m?, and
30 kg/m? or more. Persons with BMIs of 30 or more were
considered obese.* Smoking status was assessed by asking
subjects whether they were a never smoker, current
smoker, or former smoker.

Analysis

Five-year mortality was examined using Cox proportional
hazards survival analysis separately for men and women.
Handgrip strength quartiles were used to calculate the

hazard ratioc (HR) of death, controlling for sociodemo-
graphic variables, functional disability, timed walk, medi-
cal conditions, BMI, and smeking status at baseline. Three
hierarchical models assessed mortality. In Model 1, hand-
grip stength quartiles were included along with age. In
Model 2, functional disability and timed walk were added.
In Model 3, the sociodemographic variables, smoking sta-
tus, medical conditions, and BMI categories were added.
We also analyzed handgrip strength as a continuous vari-
able to investigate whether there was a gradient of risk
on mortality. All analyses were performed using the
SAS System for Windows, Version § (SAS Institute, Inc.,
Cary, NC}.

Table 1. Baseline Characteristics of the Sample by Gender

Total Sample Women
Variable (N = 2,488} Men (n = 1,055) (n = 1,433)
Age, n (%)
65-74 1,651 (66.4) 714 (67.7) 937 (65.4)
75--84 696 (28.0) 275 (26.1) 421 (28.4)
=85 141 (5.6) 66 (6.2) 75(5.2)
Marital status, n (%}
Married 1,402 (56.4) 800 (75.8) 602 (42.0)
Unmarried 1,086 (43.6) 255 (24.2) 831 {58.0)
Education, years, n (%)
428 (17.4) 173 {16.6} 255 {18.0)
1-7 1,455 (59.3) 612 {58.7) 843 (59.5)
8-11 328 (18.3) 137 {13.2) 191 (13.5)
=12 248 {10.0) 120 (11.5) 128 (9.0)
Language of interview, n (%)
English 556 (22.4) 246 (23.3) 310 (21.6)
Spanish 1,982 (77.6) 808 (76.7) 1,128 (78.4)
Smoking status, n (%)
Never smoker 1,404 (56.6) 388 (36.9) 1,016 (71.2)
Current smoker 322 (13.0) 200 (19.0) 122 (8.5}
Former smoker 755 (30.4) 465 {44.1) 290 (20.3)
Handgrip strength, mean =
standard deviation 284+ 95 182 + 6.5
Functional disability, n (%)
Any activity of daily living
limitation 252 {10.2) 89 (8.5) 163 (11.4)
Any instrumental activity of
daily living limitation 1,277 (51.4) 440 {41.8) 837 (58.5)
Short walk score, n (%)
0 {unabie to do} 121 (5.2) 48 (4.9) 73 (5.5)
1 845 (28.0) 251 (25.4) 304 (29.7)
2 617 {26.6) 221 (22.3) 396 (29.8)
3 680 (29.7) 302 (32.5) 367 (27.7)
4 245 (10.5) 148 (14.9) 97 (7.3)
Arthritis, 1t (%) 985 (39.8) 298 (28.5) 687 (48.2)
Diabetes mellitus, n (%) 864 (26.8) 291 (27.6) 373 (26.1)
Stroke, 11 (%) 150 (6.0} 75 (7.1) 75 (5.3)
Heart attack, n (%) 261 (10.5) 130 (12.4) 131 (9.2)
Hypertension, n (%) 1,067 (43.0) 358 (34.0) 709 (49.7)
Cancer, n (%) 134 (5.4) 57 (5.4) 77 (5.4)
Hip fracture, n (%) 78 (3.1) 23 (2.2) 55 (3.8)
Body mass index, kg/m?, n (%)
<22 242 (10.0) 104 (10.1) 138 (9.9)
22-<286 667 (27.4) 312 (30.2) 355 (25.4)
26—-<30 786 (32.3) 382 (36.9) 404 (28.9)
=30 736 (30.3) 235 (22.8) 501 (35.8)

-1307-



JAGS JULY 2002-VOL. 50, NOQ. 7

HANDGRIP STRENGTH IN OLDER MEXICAN AMERICANS 1253

RESULTS

Table 1 presents baseline characteristics of the sample by
gender. The average age was 72.8, and 57.6% of the sam-
ple was female. Over half of the sample was currently
married, and 90% had less than a high school education.
Arthritis, hypertension, and diabetes mellitus were the
most common medical conditions for ‘both men and
women. Handgrip strength average was lower in women
than men. Women were more ADL and TADL disabled
than men and more obese,

Table 2 shows S-year mortality by handgrip strength
quartiles for men and women. Over the 5-year follow-up
period, 261 (24.7%) men and 246 (17.2%) women died.
Of the 261 men and 246 women, 38.7% and 41.5%, re-
spectively, were in the lowest handgrip strength quartile.

Tables 3 and 4 present the results of Cox proportional
hazards analysis of mortality as a function of handgrip
strength, adjusting for sociodemographic variables, smok-
ing status, functional disability, performance-based mea-
sures of mobility, selected medical conditions, and BMI
for men and women. Model 1, in Table 3 (men only),
shows the HR of death associated with handgrip strength
quartiles controlling for age. There was a significant gradi-
ent of risk for death in men in the lowest handgrip
strength quartile compared with the highest handgrip
strength quartile. The HR was 2.47 (95% confidence in-
terval (CI) = 1.63-3.73) for those in quartile 1 {lowest),
1.71 (95% CI = 1.13-2.60) in quartile 2, and 1.22 (95%
Cl = 0.77-1.91} in quartile 3 when compared with men in
quartile 4 {strongest). In Model 2, functional disability
and timed walk were added. The greatest risk of death was
found in men in the lowest two guartiles. In Model 3, so-
ciodemographic variables, smoking status, medical condi-
tions, and BMI were added. The greatest risk of death was
found in men in the lowest two quartiles. Poorer perfor-
mance in timed walk and the presence of diabetes mellitus,
hypertension, and cancer were also significant predictors
of death in men. Handgrip strength was also used as a
continuous variable. Fach 1-kg increase in handgrip
strength was associated with a 3% decreased risk of mor-
tality (HR = 0.97, 95% CI = 0.95-0.98) after adjusting
for variables in Model 3.

Table 2. Five-Year Mortality by Handgrip Strength
Quartiles for Men and Women (N = 2,488)

Total Sample Deceased

Handgrip Strength Quartiles n (%)

Men 1,055 (100) 261 (24.7)
<22.01 kg 261 (24.7) 101 (38.7)
22.01-30.00 kg 295 (28.0) 81 {31.0)
30.01-35.00 kg 248 (23.5) 46 (17.7)
=85.01 kg 251 (23.8) 33(12.6)

Women 1,433 (100) 246 (17.2)
<14.00 kg 859 (25.1) 102 (41.5)
14.01-18.20 kg 351 {24.5) 64 (26.0)
18.21-22.50 kg 378 (26.4) 52 (21.1)
=22.51 kg 345 (24.0) 28 (11.4)

Model 1, in Table 4 (women only), shows the hazard
of death associated with handgrip strength quartiles con-
trolling for age in women. There was a significant gradient
of risk for death among women in the lower handgrip
strength quartile compared with those in the higher hand-
grip strength quartiles. The HR was 2.89 (95% CI =
1.87-4.49) for those in the quartile 1 (lowest), 1.91 (95%
Cl = 1.22-3.01) in quartile 2, and 1.53 (95% CI = 0.97-
2.44) in quartile 3 when compared with women in the
quartile 4 (strongest). In Model 2, functional disability
and timed walk were added. The greatest risk of death was
found among women in quartile 1 when compared with
those in the last three quartiles. In Model 3, sociodemo-
graphic variables, smoking status, medical conditions, and
BMI were added. The greatest risk of death was found
among women in quartile 1 when compared with those in
the last three quartiles. Poorer performance in timed walk,
diabetes mellitus, hypertension, and cancer were also sig-
nificant predictors of death among women. Handgrip
strength was also used as a continuous variable. Each 1-kg
increase in handgrip strength was associated with a 3%
decrease risk of mortality (HR = 0.97, 95% Cl = 0,94—
0.99) after adjusting for variables in Model 3.

DISCUSSION

We found a strong association between handgrip strength
and mortality among men and women over a S-year pe-
riod in older Mexican Americans. The association re-
mained after controlling for sociodemographic variables,
smoking status, functional disability, performance-based
measures of mobility, various medical conditions, and BMI.
The results are consistent with earlier findings on the asso-
ciation between handgrip strength and risk of mortal-
ity %35 The choice of handgrip strength as a measure of
muscle strength was based on several studies#6710.1113,16,17,22
in which handgrip strength was used as an overall measure
of muscle strength and because it is reliable, valid, and
easy to administer,?'338.39

Several factors, such as decreasing physical activity,
lower levels of hormones such as testosterone or cortisol,
lower body weight, presence of chronic disease, and
change in aging muscle itself are known to contribute to
the loss of grip strength with age.**** Diseases common in
old age, such as coronary artery disease, chronic obstruc-
tive pulmonary disease, malignancy, osteoarthritis of the
hand, and falls are associated with loss of strength and dis-
ability, an established risk factor for mortality.23202829
Furthermore, a positive association has been found be-
tween grip strength and bone density. For example, Kritz-
Silverstein et al.,'* in a study of older women, found a sig-
nificant positive association between grip strength and
bone density at all sites, after controlling for age, obesity,
exercise, cigarette smoking, thiazide use, arthritis, number
of years postmenopause, and estrogen use.

Older Mexican Americans have high rates of diabetes
mellitus, low rates of physical activity, and high rates of
disability.*” One study found a negative cross-sectional as-
sociation between handgrip dynamometer and fasting in-
sulin level after adjustment for potential confounders,
which suggests that decreased muscle strength may serve
as a marker for the risk of increased insulin resistance as
indicated by hyperinsulinemia.
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Table 3. Hazard Ratio Models Predicting Mortality from Handgrip Strength at 5-Year Follow-Up for Men

Model 1 Model 2 Model 3
n = 1,055" n = 986* n = 959~
Variable hazard ratio (85% confidence interval)
Age 1.05 (1.03-1.07) 1.05 (1.03-1.07) 1.03 (1.01-1.06)

Marital status, married?
Education, years

0

17

9-11

=12t
Smoking status

Never smokert

Current smoker

Former smoker
Handgrip strength quartiles

1 2.47 (1.63-3.73)

2 1.71 (1.13-2.60)
3 1.22 (0.77-1.91)
4t

Any activity of daily living limitation
Any instrumental activily of daily
living fimitation
Short walk score
0 (unable to do})
1
2
3
4t
Arthritis
Diabetes mellitus
Stroke
Heart aitack
Hypertension
Cancer
Hip fracture
Body mass index (kg/m?)
<22
22261
26—<30
=30

1.85 (1.17-2.94)
1.58 (1.01-2.45)
1.17 (0.73-1.88)

1.55 (0.95-2.52)
1.23 (0.92-1.65)
2.56 (1.23-5.36)
2.17 (1.25-3.78)

1.75 (1.00-3.08)
1.74 (1.00-3.02)

0.79 (0.58-1.07})

1.58 (0.86-2.89)
1.43 (0.84-2.45)
1.74 (0.93-3.24)

1.20 (0.79-1.81)
1.19 (0.87-1.63)

2.10 (1.31-3.38)
1.63 (1.04-2.55)
1.30 (0.80-2.11)

1.39 (0.82-2.35)
1.12 (0.82-1.54)
2.62 (1.22-5.64)
2.28 (1.29-4.03)

1.63 (0.92-2.89)
1.59 (0.91-2.78)

0.74 (0.51-1.00)
1.63 (1.22-2.18)
0.97 (0.59-1.57)
1.26 (0.86-1.85)
1.42 (1.05-1.91)
3.04 (2.02-4.59)
1.23 (0.56-2.70)

0.95 (0.61-1.46)

0.69 (0.49-0.97)
0.66 (0.44-0.98)

* Include respondents with values for all independent measures.
1 Reference category.

An important contribution of this study was the
strong influence of handgrip strength on mortality. This
association was as strong as the association of diabetes
mellitus, hypertension, and cancer with mortality. In addi-
tion to handgrip strength being a predictor of mortality,
we found that the timed walk was a strong predictor of
mortality over 5 years. Handgrip strength and the timed
walk are objective, practical, safe measures that clinicians
can use as screening instruments for morbidity and mor-
tality. Decreased grip strength and slower walking speed
may be useful indicators of subclinical fragility or disabil-
ity in older populations.

Qur study has some limitations, First is generalizabil-
ity to other populations. Older Mexican Americans are

more disabled than non-Hispanic whites and have differ-
ing prevalence rates for some diseases than other ethnic
groups.*® Second, we were limited to self-reports of medi-
cal conditions.

In conclusion, we found that handgrip strength was
highly predictive of mortality in older Mexican Americans
and that this association was independent of relevant risk
factors. Consequently, increasing strength by physical ac-
tivity and exercise programs in this age group may have a
favorable effect on functional capacity. It is essential to
continue efforts to study muscle strength to provide infor-
mation for purposes of diagnosis and prognosis and for
the planning of prevention, rehabilitation, care, and treat-
ment. Additional research is needed to help us understand
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Table 4. Hazard Ratio Models Predicting Mortality from Hand Grip Strength at 5-Year Follow-Up for Women
Model 1 Model 2 Model 3
= 1433" n=1321* n = 1280*

Variable

hazard ratio (95% confidence interval)

Age

1.05 {1.03-1.07)

Marital status, married!
Education, years

0
1-7
8-11
=12t

Smoking status

Handgrip strength quartiles
1

Never smoker?
Current smoker
Former smoker

2.89 (1.87-4.49)
2 1.91 (1.22-3.01)
3 1.53 (0.97-2.44)
4t

Any activity of daily living

fimitation

Any instrumental activity of

daily living limitation

1.04 {1.02-1.06) 1.04 {1.02~1.07)

1.20 (0.88-1.62)

1.05 (0.57-1.96)
1.11 (0.83~1.95)
1.08 (0.55-2.00)

1.74 (1.08-2.81)
1,21 {0.85-1.72)

2.00 (1.22-3.26)
1.45 (0.89-2.37)
1.43 (0.89-2.31)
1.14 (0.73-1.78)

1.44 (1.03-2.00)

1.76 (1.05-2.93)
1.36 (0.82-2.25)
1.45 (0.89-2.37)
1.09 (0.67-1.78)

1.41 (1.00-1.98)

Short walk score

0 {unable to do)
1

2
3
4t

Anthritis

Diabetes mellitus

Stroke

Heart attack
Hypertension

Cancer

Hip fracture

Body mass index (kg/m?)

<22
2226t
26-<30
=30

4,57 (1.67-12.53) 3.59 (1.27-10.15)

2.78 (1.12-6.93) 2.70 (1.08-6.77)
2.49 (0.99-6.22) 2.05 (0.81-5.17)
1.74 (0.68-4.42) 1,57 (0.61-4.04)

0.83 (0.62-1.12)

1.77 (1.31-2.38)
1.34 (0.81-2.22)
1.22 (0.80-1.87)
1.42 (1.06-1.91)
2.16 (1.33-3.52)
0.93 (0.47-1.84)

1.44 (0.92-2.24)

0.86 (0.60~1.25)
0.60 (0.41-0.89)

* Include respondents with values for all independent measures.
t Reference category.

better why poor handgrip strength is associated with death

in

older Mexican Americans and other populations of

older people.
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