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nutritional depletion, systemic inflammation, and physi-
cal inactivity;® nutritional depletion, inflammation, and
inactivity are also risk factors for mortality.®"? These
findings suggest that poor muscle strength could be a
marker of disease severity, which in turn is associated
with mortality.

Aging has been found to be associated with dysregula-
tion of the inflammatory response, which may contribute
to the pathophysiology of medical conditions and result in
functional decline (for review, see'}. During inflamma-
tion, interleukin-6 (IL-6) induces the synthesis of acute-
phase proteins in the liver, such as C-reactive protein
{CRP), and inhibits the synthesis of albumin. It has been
suggested that the low-grade catabolic effect of IL-6 may
promote negative protein balance over time, eventually
leading to sarcopenia, possibly accompanied by decline in
strength.'s This is supported by observed correlation be-
tween high levels of CRP and IL-6 and low grip strength. '
Furthermore, those having lower muscle mass, a primary
determinant of strength, show lower levels of albumin.1$1
Low levels of serum albumin are associated with cardio-
vascular disease (CVD) and all-cause mortality in older
people and are suggested to be a marker of nutritional sta-
tus and disease severity.”!® Consequently, poor handgrip
strength may be present in people who have low levels of
albumin and high levels of CRP and IL-6 and who are thas
at an increased risk of mortality.

Depressed mood is another potential confounder of
the association between handgrip strength and mortality.
It is associated with increased risk of mortality?® and risk
of accelerated decline in muscle strength.?

The aim of this study was to evaluate the association
between handgrip strength and cardiovascular and all-
cause mortality in older disabled women over a period of
S years and to explore the mechanism explaining the asso-
ciation between muscle strength and mortality. In addition
to age, race, body size, smoking, and exercise, the poten-
tial mechanisms studied here comprised inflammation (in-
dicated by CRP and IL-6), nutritional status (indicated by
serum albumin and unintentional weight loss), depressed
mood, and presence of chronic conditions.

MATERIALS AND METHODS
Participants

The data used in these analyses were from the Women’s
Health and Aging Study, a prospective population-based
study of the causes and course of disability in older women.
The sampling and study eligibility criteria have been de-
scribed in detail elsewhere.?? An age-stratified sample of
6,521 community-dwelling older women aged 65 and
older residing in the eastern half of Baltimore and part of
Baltimore county were identified from the Medicare eligi-
bility files. Of these, 5,316 were living at home in the
catchment area, 4,137 participated in the in-home screen-
ing, 1,409 met the criteria of study eligibility, and 1,002
{284 African Americans, 713 Caucasians, and 5 other)
agreed to participate. The criteria were Mini-Mental State
Examination® score above 17 and self-reported difficulry
in at least two of the following domains of physical func-
tion: upper extremity activities, mobility, basic self-care,
and higher functioning tasks of daily living.

Handgrip Strength

A trained nurse visited the participants in their homes and
tested handgrip strength using a JAMAR hand dynamom-
eter (Model BK-7498, Fred Sammons Inc., Brookfield, IL).
Grip strength was measured in a seated position with the
elbow flexed at 90°. Grip strength was measured three
times for each hand. During testing, the participant was
strongly encouraged to exhibit the best possible force. The
best measure in the stronger hand was used. Nine hundred
nineteen women completed the handgrip strength test. The
reasons for not completing the handgrip strength test were
as follows: systolic blood pressure of 180 mmHg or greater
or diastolic blood pressure of 110 mmHg or greater (n =
55}, pain {n = 10), tester or patticipant felt test was unsafe
(n = 11), participant refused (n = 2), and other (n = §).

Biochemical Measures

Blood samples were obtained from 720 participants. The
nonrespondents were older (80.7 vs 77.4, P < .001) and had
lower grip strength (19.05 vs 20.9 kg, P < .001) and
lower body weight {65.3 vs 69.6 kg, P < .001) than those
who participated in the blood study. Presence of chronic
conditions, race, and educational level did not differ be-
tween respondents and nonrespondents. For analytical
purposes, each biochemical measure was recoded into five
dichotomized variables: missing and lowest, second, third,
and highest quartile. The cutoffs for quartiles were 3.80,
4.10, and 4.20 mg/dL for albumin; 2.00, 3.80, and 8.45
mg/dL for CRP; and 1.55, 2.40, and 3.67 pg/mL for IL-6.

IL-6 was measured in duplicate using enzyme-linked
immunosorbent assay from the frozen specimens with a
commercial kit (High Sensitivity Quantikine kit, R & D
Systems, Minneapolis, MN), and the average of the two
measures was used in the analyses. CRP was measured
using nephelometry from fresh serum, according to the
method of Behring Diagnostic. Albumin was measured
with dye-binding bromocresol green.

Mortality Follow-Up

Vital status was ascertained through follow-up interviews
with proxies and from obituaries over the follow-up pe-
riod. Over the § years, 336 deaths occurred. Death certifi-
cates were obtained for 318 subjects. The cause-specific
mortality was based on underlying cause of death coded
by one trained nosologist according to the International
Classification of Diseases as any cardiovascular mortality
(codes 390-459, n = 149), neoplasm mortality (codes
140239, n = 59), respiratory mortality {(codes 462-519,
= 38), or all other mortality (n = 90).

Other Measures

Seventeen chronic diseases were ascertained at baseline
with disease-specific standardized algorithms.?* The algo-
rithms used data from the baseline interview, the nurse’s
examination {including electrocardiogram, ankle-brachial
index, and spirometry), and participant’s current medica-
tion list. Additional information was collected from medi-
cal records, blood test results, and a questionnaire sent to
the participants’ primary care physicians. Diseases in the
current analyses include congestive heart failure (CHF),
stroke, COPD, diabetes mellitus, cancer, and hand os-
teoarthritis. The Geriatric Depression Scale {GDS) was
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Table 1. Characteristics of Participants According to Handgrip-Strength Tertiles

Grip-Strength Tertiles (N = 919)

Lowest (n = 345) Middle {(n = 276) Highest (n = 298) One-Way

ANOVA

Characteristic Mean + Standard Deviation (n) {P-value}
Age 820+76 (345) 782+ 7.8 (276) 738t 64 (298) <.001
Height, cm 152.6 £ 6.8 (345) 155.3 + 6.0 (276) 159.1 £ 6.3 (298) <.001
Weight, kg 61.8 + 13.7 (345) 68.6 = 15.9 (276) 76.7 = 15.9 (298) <001
Walking, blocks/week 6.27 + 15.3 (304) 8.44 = 16.7 (261) 104 + 19.6 (277) <.001
Smoking, pack years 11.8 + 26.9 (340) 15.4 + 27.8 (272) 18.3 = 31.8 (296) 017
Albumin, mg/dL. 3.99 = 0.33 (211) 4.07 = 0.30 (199) 4.06 = 0,29 (230) .054
C-reactive protein, mg/dL 7.38 + 12.2 (198) 6.97 =88 (187) 6.31 £ 562 (222) 482
Interleukin-8, pg/mL 3.41 £ 2.67 (233) 3.02 £ 2,18 (216) 293 =241 (243) 079
Geriatric Depression Scale, points 8.52 = 5,77 (345) 8.35 + 5.98 (276) 5.86 £ 50 (297) <.001
Chronic conditions, n 242 * 1,58 (345) 2.29 = 1.42 (276) 222 + 143 (298) 242

ANOVA = analysis of variance; 5D = standard deviation.

used to assess the participants’ emotional well-being, with
higher scores indicating more depressive symptoms.? Un-
intentional weight loss was determined based on responses
to two questions: whether the participant had lost weight
during the previous year and whether she had tried to lose
weight, for example, through dieting or exercising. Smok-
ing in pack years was calculated based on responses to
questions on how many cigarettes per day and for how
many years the participant smoked. Walking was queried
as number of city blocks the participant walked per week.

Statistical Methods

Baseline characteristics were compared across tertiles of
grip strength (=18 kg, n = 345; 18.1-22 kg, n = 276, and
>22 kg, n = 298) using one-way analysis of variance or
cross-tabulation with chi-square test. Death rates per 100
person-years were calculated. Survival between groups
based on grip-strength tertiles was compared using Cox
regression analyses. The variables hypothesized to explain
the association between grip strength and mortality were
progressively added in the model as covariates.

- RESULTS

At the baseline, the mean age was 78.3 (range 65~101).
Age and GDS score were inversely associated with grip
strength, but body height and weight and number of city
blocks walked per week were positively related with
strength. 1L-6 and CRP were somewhat but not signifi-
cantly higher in those with poorer strength (Table 1). CHF
and hand osteoarthritis were more common in those with
poorer strength, whereas COPD and diabetes mellitus
were more common in those with greater strength. Nutri-
tional status was worse in those with poorer grip strength
expressed as a greater proportion reporting unintentional
weight loss (Table 2).

Figure 1 shows the unadjusted rates for mortality ac-
cording to grip-strength tertiles. There was a gradient of
mortality rate for cardiovascular, respiratory, other (not
CVD, not cancer, not respiratory), and total mortality,
with the rate highest in the lowest tertile of grip strength.
The unadjusted relative risk (RR} of CVD mortality was
3.21 {95% confidence interval (CI) = 2.00-5.14) in the
lowest and 1.88 (95% CI = 1.11-3.21) in the middle ver-

Table 2. Participants with Chronic Condition and Those Reporting Unintentional Weight Loss According to Grip-Strength

Tertiles
Grip-Strength Tertiles (N = 919)
Lowest Middie Highest
(n = 345) {n = 276) {n = 298)
Chi-Squared
Condition %o {P-value)

Unintentional weight loss 29.3 20.3 14.4 <.001
Congestive heart failure 14.2 9.8 8.7 008
Stroke 8.7 5.4 8.4 370
Chronic obstructive pulmonary disease 15.1 13.8 23.2 .005
Diabetes mellitus 11.8 17.4 19.8 014
Cancer 14.5 20.3 1.1 .008
Hand osteoarthritis 27.0 21.0 18.5 029
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Figure 1. Unadjusted rates of cause-specific and all-cause mor-
tality according to grip-strength tertiles. Cause-specific mortal-
ity was based on nnderlying cause of death coded accordirig to
the International Classification of Diseases as any cardiovascular
mortality {cardiovascular disease (CVD), codes 390-459, n =
149}, neoplasm mortality (cancer, codes 140-239, n = 59), re-
spiratory mortality (codes 462-519, n = 38), or all other mor-
tality {n = 96). P-values for trend: CVD, P < .001; cancer P =
.829; respiratory, P = .021; other, P < .001; total, P <001,

sus the highest tertile of handgrip strength, Correspond-
ingly, the unadjusted RRs for respiratory disease mortality
were 2.39 (95% CI = 1.09-5.20) in the lowest and 1.00
{0.37-2.71) in the middle versus the highest grip-strength

tertile. Cancer mortality was not associated with grip
strength. Mortality due to other diseases (not CVD, respi-
ratory, or cancer} showed a risk gradient in the unadjusted
analysis: 2.59 (95% CI = 1.59-4.20) in the lowest and
1.21 (95% CI = 0.68-2.19) in the middie compared with
the highest third of grip strength.

To explore the primary hypothesis of the mechanisms
underlying the association between grip strength and mor-
tality, covariates were introduced into the model relating
grip strength to mortality {Table 3). This analysis was lim-
ited to CVD and total mortality, because the numbers in
the other cause-of-death categories were not sufficient to
perform a meaningful analysis. After adjusting the model
for age, race, body weight, and height, the RR of CVD
death decreased to 2.17 (95% CI = 1.26-3.73) in the low-
est and 1.56 {0.89-2.71) in the middle tertile of handgrip
strength, with the highest tertile as the reference. Further
adjustments for smoking, physical activity, diseases, nutri-
tional status, of markers of inflammation did not materi-
ally change the result. For all-cause mortality, similar re-
sults were observed. Adding age, race, body weight, and
height to the model decreased the RRs somewhat, but fur-
ther adjustments did not change the results materially.

DISCUSSION

In older disabled women, handgrip strength was a power-
ful predictor of mortality due to CVD, respiratory dis-
eases, and other diseases (not CVD, respiratory diseases,
or cancer) and total mortality over a period of 5 years.
Cancer mortality was not associated with baseline hand-
grip strength, The pathophysiological processes related to
diseases commonly underlying death and associated with
strength decline, such as inflammation, poor nutritional

Table 3. Mortality According to Handgrip-Strength Tertiles, with the Highest Tertile as the Reference Group

Cardiovascular Disease
Mortality Grip-Strength Terliles

All-Cause
Mortality Grip-Strength Tertiles

Middle vs
Highest

Middle vs
Highest

Lowest vs
Highest

Relative Risk (95% Confidence Interval}

Lowest vs
Highest
Covariate
Unadjusted 3.21 (2.00-5.14)
Characteristics 2.17 (1.26-3.73)

Characteristics + lifestyle
Characteristics + diseases
Characteristics + lifestyle +
diseases + GDS
Characteristics + lifestyle + diseases +
GDS + Alb + weight loss
Characteristics + lifestyle + diseases +

2.09 (1.15-8.78)
2.24 (1.29-3.91)

2.15 (1.17-3.93)

2.04 {(1.11-3.75)

GDS + CRP 2.07 (1.13-3.81)
Characteristics + lifestyle + diseases +
GDS + IL-6 2.10 (1.14-3.88)

Characteristics + life style + diseases +

GDS + Alb + weight loss + CRP + iL-6 2.06 (1.11-3.83)

1.88 (1.11-3.21)
1.56 (0.89-2.71)
1.80 (0.88-2.89)
1.71 (0.897-3.01)
1.85 (0.80-3.04)
1.65 (0.90-3.04)
1.56 (0.84-2.88)
1.70 {0.92-3.13)

1.66 (0.90-3.07)

2,40 (1.79-3.22)
1.73 (1.23-2.43)
1.74 (1.20-2.50)
1.80 (1.27-2.56)
1.76 (1.21-2.57)
1.68 (1.15-2.44)
1.71 (1.17-2.50)
1.70 (1.16-2.48)

1.73 (1.20-2.48)

1.71 (1.24-2.37)
1.46 (1.04-2.05)
1.51 (1.05-2.17)
1.56 (1.10-2.21)
1.47 (1.05-2.09)
1.47 (1.01-2.13)
1.41 (0.96-2.04)
1.48 (1.02-2.15)

1.54 (1.08-2.20)

Characteristics = age, weight, height, and race; diseases = adjudicated congestive heart failure, stroke, chronic obstructive pulmonary disease, diabetes mellitus, cancer,
and hand osteoarthritis at baseline; lifestyle = smoking {pack years), walking (city blocks/week); GDS = Geriatric Deépression Scale; Alb = serum albumin; weight loss =

self-reported unintentional loss of weight; CPR = C-reactive protein; [L-6 = interleukin-6.
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status, physical inactivity, and depression, did not explain
the association between strength and mortality in the cur-
rent study. To the best of the authors’” knowledge, this is
the first population-based study examining the association
between baseline handgrip strength and cause-specific
mortality and the first attempt to capture the biological
mechanism underlying this association. These results indi-
cate that strength has a direct, nonspecific effect on mor-
tality or is a marker of a third factor and that the effect is
mediated through a mechanism not fully understood. Nev-
ertheless, it is possible that selecting only disabled people
in the study cohort may make it more difficult to capture
the pathway explaining the greater mortality risk in those
with poorer strength. Therefore, these analyses should be
repeated in a population including healthier subjects and
men, to positively exclude inflammation, nutritional de-
pletion, depression, and physical inactivity as pathways
explaining the association between strength and mortality.

The direct effect of strength on mortality may be re-
lated to its role in the disablement process.?? In a previous
analysis using data from the baseline of the current study,
it was shown that poor strength was associated with re-
porting more difficulties in physical activities of daily liv-
ing.2¢ Difficulties in performing daily activities correlated
with cutting down the frequency of doing these activities.
Low level of physical activity, in turn, predicted decline in
muscle strength.® Consequently, people with low muscle
strength often are physically inactive and disabled, which
makes them more vulnerable to accidents, such as injuri-
ous falls, or other adverse events. Inactive people are also
at an increased tisk of losing muscle mass.’® Muscle is the
greatest reserve of protein in the body. In the case of
trauma, negative amino acid balance occurs in muscle to
help synthesize cellular components and antibodies in more-
critical body systems. If the muscle has been depleted, heal-
ing may be compromised. Consequently, people with poor
strength may be more prone to mjurtous accidents, and
their recovery from acute diseases, injury, or surgery may
be compromised.?”

The health status of an older individual reflects life-
long exposure to a number of external stressors. Conse-
quently, an accumulated biological burden present in body
systems not addressed here {metabolic, neuro-endocrine)
may be a mechanism explaining the association between
strength and mortality and warrants further attention in
future studies. The accumulation of dysfunction over years
across major regulatory body systems, termed allostatic
load, has been found to predict mortality and decline in
physical functioning.2® A previous study, in which grip
strength measured in midlife was found to track into later
life and predict disability, supports the notion of earlier-
life influences manifesting in later-life muscle strength and
health status. This study of 8,006 men initially aged 45 to
68 and followed for 27 years, correlation between baseline
and follow-up strength was » = 0.557. This suggests that
those who were strong in midlife remained strong into old
age” In initially healthy middle-aged men, handgrip
strength was also found to be a long-term predictor of dis-
ability and mortality.* This raises the possibility that earlier-
life influences on grip strength, such as early-life nutri-
tional status or life-long physical activity, may have an ef-
fect on late-life mortality. Moreover, grip strength may be

a marker of resistance to external stressors. It is also worth
noting that, in addition to muscle mass, neural drive from
the motor cortex to muscles determines maximal volun-
tary muscle strength. Consequently, voluntary maximal
handgrip strength may be a marker of efficacy of the cen-
tral and peripheral nervous systems, motivation, or stam-
ina, which may also affect survival.

A limitation of the current study is that a measure of
disease severity was not available. Thus, even though it
cannot be excluded that grip strength predicts mortality
because it indicated how sick the people were, it is unlikely
that disease severity could entirely explain the association
between strength and mortality. First, the association be-
tween strength and mortality risk has also been observed
in a group containing only healthy people.* Second, the
models were adjusted for IL-6, serum albumin, uninten-
tional weight loss, depressive symptoms, and physical in-
activity. These variables may also be viewed as markers of
severity of diseases.»'%2 However, it is possible that grip
strength could be an indicator of subclinical disease, which
predicts mortality and is associated with lower muscle
strength.

Tt is unlikely thar the selection of the study population
could explain the association between handgrip strength
and mortality. The cohort studied here represents the one-
third most-disabled people living in the community. Con-
sequently, the distribution of many variables, including
grip strength, is truncated compared with that of a general
population also including vigorous individuals. This would
be expected to weaken, rather than strengthen, the associ-
ation between grip strength and mortality.

A selection process may have resulted in unexpected
associations observed between crude disease prevalence
and muscle strength. In the current study, diabetes mellitus
and COPD were more common in those with greater grip
strength, which is potentially explained by the positive as-
sociation between grip strength and body weight and the
lack of healthy, vigorous subjects in the study cohort,
Afrer adjusting for age, race, body height, weight, and
smoking, the association between higher strength and
presence of COPD and diabetes mellitus disappeared.

Handgrip strength, an easy measure of muscle
strength, was a powerful predictor of CVD, respiratory,
and total mortality over a period of 5 years. This associa-
tion was mediated through mechanisms other than pres-
ence of diseases commonly underlying death, inflamma-
tion, nutritional depletion, depression, inactivity, or
smoking. A grip-strength test may be a simple measure to
help identify patients at an increased risk of deterioration

of health.
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Abstract

Objective: to investigate and compare the predictive values of four physical performance measures for the onset of
functional dependence in older Japanese people living at home.

Design: a population-based prospective cohort study.

Setting: Nangaj village, Akita Prefecture, Japan.

Methods: out of the population aged 65 years and older living in Nangai (n = 940) in 1992, we measured hand
grip-strength, one-leg standing, and usual and maximum walking speeds in 736 subjects who were independent in
the five basic activities of daily living. Their functional status was assessed each year for the subsequent 6 years. The
outcome event was the onset of functional dependence, defined as a new disability in one or more of the five basic
activities of daily living, or death of a subject who had shown no disability at the previous follow-up.

Results: even after controlling for age, sex and a number of chronic conditions, lower scores on each baseline
performance measure showed increased risk for the onset of functional dependence. Maximum walking speed was
most sensitive in predicting future dependence for those aged 65-74 years, while usual walking speed was most
sensitive for people aged =75 years.

Conclusion: walking speed was the best physical performance measure for predicting the onset of functional

dependence in a Japanese rural older population.

Keywords: cohort study, functional dependence, older adults, physical performance measure, walking speed

Introduction

Performance-based measures of physical function can
predict future incidence of disability, dependence in
activities of daily living (ADLs), institutionalization and
death in initially non-disabled older people [1-9].
Objective measures of lower-extremity function, such
as walking speed, standing balance and repeated rising
from a chair, are highly predictive of subsequent
disability in various ethnic older populations [2, 3]. In
addition, hand grip-strength is an important predictor
for disability and mortality in older people {5-7].
However, previous studies have not examined
whether the predictive value of such performance
measures in an older population is affected by age. The
Tokyo Metropolitan Institute of Gerontology launched
a prospective cohort study on ageing in 1990. As part of
the baseline survey of this study, several physical

performance tests were conducted on a rural Japanese
older population [10]. The functional status of these
subjects was followed-up annually until 1998. We have
used these data to investigate and compare the
predictive values of different baseline physical perfor-
mance measures for the onset of functional depen-
dence in people aged either 65-74 years or 75 years
and older.

Methods

Study area and subjects

We obtained the data in this study from the Tokyo
Metropolitan Institute of Gerontology Longitudinal
Interdisciplinary Study on Ageing. Details of this
project have been described elsewhere [10]. The
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study area was Nangai village, Akijta Prefecture, Japan.
In 1992, 940 people aged 65 years and older were
registered as residents in the village. Of these, 88 were
living in institutions, bed-ridden at home or long-term
absent. The remaining 852 were invited to participate
in the baseline survey held at community halls. After
signing informed consent forms, which had been
approved by the ethics committee of the Institute,
748 took part in the survey (88% response).

Baseline survey

We asked the subjects about their dependence in five
basic ADLs: bathing, dressing, walking, eating and
continence (1, 11, 12]. Dependence in an ADL was
defined as the subject needing help from someone else
or being unable to perform the activity. We ascertained
the presence of chronic conditions (defined as a
history of heart disease, stroke or diabetes mellitus)
from the subjects’ reports. In addition, we defined
arthritis as persistent pain in any joint in arms or legs
(knee, hip, etc.) and included it among the group of
chronic conditions.

The participants then underwent tests of hand grip-
strength, length of time standing on one leg, and usual

and maximum walking speed. We evaluated hand grip-
strength by a mechanical dynamometer in the domi-
nant hand and used the higher of two trials in the
analysis. For the one-leg standing test, we asked
subjects to look straight ahead at a dot 1 m in front of
them. We then asked them to stand on the preferred
leg with their eyes open and hands down alongside the
trunk. The time until balance was lost (or maximum
60 s) was recorded. We used the better of two trials in
the analysis. To test walking speed, we asked subjects
to walk on a straight walkway 11 m in length on a flat
floor once at their usual speed and then, twice, at their
maximum speed. Walking speed was measured over a
5 m distance between marks 3 and 8 m from the start of
the walkway. For maximum walking speed, we used
the faster result in the analysis. The good reproduci-
bility of these walking tests has been reported
previously [13].

Follow-up survey

Of the 748 participants in the baseline survey, the 736
who had no disability in their basic ADLs were
followed up annually for the next 6 years. Each July
their levels of basic ADLs were assessed as in the

Table |. Quartiles of the physical performance measures at baseline by sex and by age group

‘Walking speed (m/s)

Maximum

Sex Age (years) Quartile* Leveln
Men ............... 65 —74 ................. 1 ....................... S 1 31 ................... 50 .....

2 1.82-2.10 50

3 2.11-2.36 50

4 =237 50

=75 1 =1.34 17

2 1.35-1.64 18

3 1.65-1.99 18

4 =2.00 17

Women 65-74 1 =1.45 72

2 1.46-1.70 73

3 1.71-1.98 73

4 =197 72

=75 1 =1.08 29

2 1.09-1.34 31

3 1.35-1.62 29

4 =1.63 30

Usual Hand-grip strength One-leg standing®
Level ............... n . Levﬂ (kg) ...... n ..... Tmc(s) .......... n .
...... 510852<274951851
1.09-1.25 52 28-32 50 19-59 43
1.26-1.38 52 33-36 53 =60 114
=1.39 52 =37 56 - -
=0.82 18 =20 18 =5 19
0.83-1.02 20 21-25 20 6-12 19
1.03-1.20 19 26-29 18 13-49 19
=1.21 19 =30 21 =50 19
=0.9 76 =16 73 =7 73
0.91-1.07 77 17-19 73 8-24 79
1.08-1.25 76 20-21 88 25-59 52
=1.26 76 =22 71 =60 101
=0.69 29 =12 30 =19 17
0.70-0.87 31 13-15 29 2-6 40
0.88-1.04 29 16-19 32 7-15 33
=1.05 30 =20 30 =16 31

*pPerformance scores from 1 (lowest) to 4 (highest) were allocated according to quartile.
Ppistribution of data on oneleg standing was skewed in subject groups aged 65-74 years because the maximum was set at 60's.
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baseline survey. Death was ascertained from death
certificates. The outcome event in this study was the
onset of functional dependence—defined as a new
disability in one or more of the five basic ADLs—or
death of person who had shown no disability at the
follow-up in the previous year.

Statistical analysis

Within each age group we divided men and women
into quartiles according to their baseline performance
in each test, and allocated a performance score (1-4)
according to the quartile: 1 indicating the lowest
performance and 4 indicating the highest (Table 1). We
created a summary performance score by adding
the scores for the tests of hand grip-strength, one-leg
standing and walking speed (maximum walking speed
for subjects aged 65-74 years and usual walking
speed for those aged =75 years), and grouped subjects
into quartiles of summary performance score (3-5,
6-7,8-9 and 10-12).

We analysed functional dependence over 6 years
according to baseline scores on the individual tests and
summary performance scores. We used the Cox
proportional hazard model to assess the independent

association of the individual test scores and summary
performance score with the onset of functional
dependence during follow-up period, controlling for
age, sex, and number of chronic conditions.

Results

During the G6year follow-up period, 251 outcome
events (disability in 183, death in 68) occurred
within the cohort of 736 subjects who had been
initially independent in the five basic ADLs.

Tables 2 and 3 show the number of events
according to the baseline score for each of the four
performance measures for subjects in each of the age
groups. As seen in their hazard ratios, lower perfor-
mance levels for each measure had significantly
increased risks of onset of functional dependence
compared with the highest performance levels, even
after controlling for age, sex and number of chronic
conditions. Among the four performance measures,
maximum walking speed was the most sensitive for
predicting the onset of functional dependence among
subjects aged 65-74 years, while usual walking speed
was the most sensitive predictor among those aged 75

Table 2. Adjusted hazard ratios for baseline performance score against the onset of functional dependence during
the G-year follow-up period among subjects aged 65~74 years

No. of subjects

Score® At baseline
Mamum Walkmg Speed ............... 1 ....................... 1 2 2 ........................

2 123

3 123

4 122
Usual walking speed 1 128

2 129

3 128

4 128
One-leg standing 1 124

2 122

3 166

4 101
Hand grip-strength 1 122

2 123

3 141

4 127

Hazard ratio (95% CI)°

61 (16) 5.15 2.71-9.77)
3313 2.52 (1.29-4.90)
21 (%) 1.65 (0.81-3.36)
12 (@ 1.0

56 14 2.43 (1.42-4.17)
40 (12) 1.76 (1.02-3.04)
21 (8 0.93 (0.50-1.72)
20 (5) 1.0

63 (13) 2.53 (1.40-4.55)
30 (® 1.12 (0.06-2.09)
26 (19 0.75 (0.39-1.46)
18 (9 1.0

53 (12) 2.51 (1.50-4.20)
34 (8) 1.50 (0.87-2.61)
29 (12) 1.18 (0.67-2.08)
21D 1.0

“Higher number indicates better performance.
bIncluding deaths (numbers in parentheses).

“Adjusted for age, sex and number of chronic conditions (stroke, heart diseases, diabetes and arthritis).
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Table 3. Adjusted hazard ratios for baseline performance score against the onset of functional dependence

during the 6-year follow-up period among subjects aged =75 years

No. of subjects

With functional dependence at 6 years

Score® At baseline
Maximum walking speed 1 43
2 45
3 45
4 43
Usual walking speed 1 47
2 51
3 48
4 49
One-leg standing 1 36
2 59
3 52
4 50
Hand grip-strength 1 48
2 49
3 50
4 51

Hazard ratio (95% CD°

35 (1D 3.45 (1.81-6.56)
24 (6) 1.64 (0.86-3.14)
12 (2) 0.67 (0.32-1.43)
16 (3) 1.0

41 (11) 6.18 (3.16-12.1)
29 (9) 256 (1.32-4.98)
19 (@ 1.71 (0.84-3.48)
13 (3) 1.0

28 (6) 3.69 (1.87-7.26)
37.(8) 2.62 (1.39-4.93)
25 (8) 1.73 (0.89-3.35)
14 (3) 1.0

35 QA1) 2.21 (1.23-3.97)
28 (5) 1.31 (0.73-2.37)
20 (4 0.89 (0.48-1.65)
22(6) 1.0

“Higher number indicates better performance.
blncluding deaths (numbers in parentheses).

“Adjusted for age, sex and number of chronic conditions (stroke, heart diseases, diabetes and arthritis).

years and older. Of interest is that the one-leg standing
test showed the second highest predictive value after
the maximum walking speed test for subjects aged 75
years and older.

Table 4 presents the adjusted hazard ratios for
each category of summary performance score against

the onset of functional dependence. This score
identified the subgroups within the cohort at
lowest or highest risk of the onset of functional
dependence. The predictive value of this score for
older subjects was superior to that for younger
subjects.

T able 4. Adjusted hazard ratios for each summary performance score against the onset of functional dependence
during the 6-year follow-up period among subjects aged 65-74 years and =75 years at baseline

65-74 years at baseline

Summary
performance score®  Total at 6 years®

3-5 110 59713

6-7 118 34 (13)

8-9 133 17&
10-12 129 17(D 1.0

Hazard ratio
(95% CD° Total  at G years®

0.90 (0.46-1.76) 45 19 (5)

=75 years at baseline

With functional dependence Hazard ratio
(95% CD°

4.07 (2.28-7.27) 46 39 (13)
2.07 (1.14-3.75) 49 29 (9

6.05 (3.09-11.9)
2.85 (1.50-5.44)
1.60 (0.81-3.18)
55 15 (3 1.0

*Calculated by adding scores for walking speed (maximum in younger group, usual in older group), one-leg standing and hand grip-strength;

higher scores indicate better performance.
Including deaths (numbers in parentheses).

“Adjusted for age, sex and number of chronic conditions (stroke, heart diseases, diabetes and arthritis).
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Discussion

Muscle strength, standing balance and walking ability
are key components of physical performance in older
people [14-16]. Thus, in this study we adopted the
hand grip-strength, one-leg standing and walking speed
tests for assessments of the physical performance of
subjects living at home. These tests do not require
special equipment and are not time-consuming, and
thus hold advantages for a large-scale population
survey.

Among these physical performance measures,
maximum walking speed was the most sensitive in
predicting the onset of functional dependence for
younger people, while usual walking speed was most
sensitive for older people. To date, several reports have
shown that walking speed is highly predictive of future
disability and mortality in non-disabled older people [2,
3. 5, 8]. However, it has remained unclear whether
maximum and usual walking speeds differ in terms of
predictive value. The present study is the first to show
that the two walking speed indices differ in predictive
value depending on the age group being investigated.

The reason for this is unclear. Perhaps, as a person
ages, leg function decreases to an extent which limits
usual walking speed. In other words, the usual walking
speed in older people may represent functional
capacity of the leg. Usual walking speed can be
measured without difficalty for almost all older
people who are independent in ADLs. By contrast, it
is difficult for some older people to perform a
maximum walk test. For example, in this study, 4.5%
of younger and 9.7% of older people who completed
the usual walking test could not complete the
maximum walk test, mainly because of pain. Taken
together, we recommend the test of usual walking
speed rather than the test of maximum walking speed
for examinations of walking ability for subjects aged 75
years and older.

The one-leg standing and hand grip-strength tests
were also shown to be useful for detecting older
people at increased risk of future functional depen-
dence. This result largely confirmed previous reports
[5, 6]. Using the Tokyo Metropolitan Institute of
Gerontology Index of Competence [17], we had
demonstrated that lower performance in these two
physical tests was independently associated with
decline in the higher-order levels of functional capacity
(instrumental self-maintenance, intellectual activity
and social role) in a rural older population [18]. The
mechanisms underlying the association, however,
remain unclear and need further study.

Furthermore, separate analysis by age group
showed that physical performance measures are as
much or even more valuable for predicting future
dependence in older people than in younger people, as
seen in the summary performance score. This result
may imply that at advanced ages, physical performance

level becomes more critical for maintaining an
independent life than at younger ages, and stresses
the importance of functional evaluation even at
advanced ages in a clinical setting.

In summary, the four physical performance
measures can be used for predicting the onset of
functional dependence in community-dwelling older
people. The walking speed—maximum for younger
subjects and usual for older subjects—is the best
physical performance measure in terms of predictive
value for the onset of functional dependence.

Key points

e Hand grip-strength, one-leg standing and walking
speed are predictive of the onset of functional
dependence in older people living at home.

e Maximum and usual walking speeds are the best
predictors in younger (65 -74-years) and older (=75
years) people, respectively.

e Baseline summary performance score is more
useful for older people than for younger people in
predicting future dependence.
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Handgrip Strength and Mortality in Older Mexican Americans

Sobam Al Snib, MD,*t* Kyriakos S. Markides, PhD,t# Laura Ray, MPA,1*
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 womern.

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, functional disability, timed
walk, medical conditions, body mass index, and smoking
status at baseline. In women in the lowest handgrip
strength quartile, the hazard ratio of death was 1.76 (95%
Cl = 1.05-2.93) compared with those in the highest hand-
grip strength quartile. Poorer petformance in the timed
walk and the presence of diabetes mellitus, hypertension,
and cancer were also significant predictors of mortality 5
years later.

From the *Department of Internal Medicine, 'Sealy Center on Aging, and
Department 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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CONCLUSION: Handgrip strength is a strong predictor
of mortality in older Mexican Americans, after controlling
for relevant risk factors. J Am Geriatr Soc 50:1250-1256,
2002,

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

Studies predicting mortality in older people aim ro 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 miedications 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 H18.23-31

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 niuscle strength, 10

Laukkanen et al.! found a strong association between
grip strength and mortality in a cohort 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.® 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-
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tionship between low grip strength and increased risk of
death in men but not in women.

Little is known about 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 S-year period. Because of gender differ-
ences in muscle steength, the analysis was conducted sepa-
rately for men and women.*”®

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 Iowa, 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 §-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. Of 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 wete lost to
follow-up.

MEASURES
Grip Strength Test

Using a hand-held dynamometer (Jaymar Hydraulic Dy-
namo-meter, model #5030]J1, L.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 table and palm facing up, the dynamometer
was placed in their dominant hand. Grip size was adjusted
so 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 to 22.50 kg a score of 3, and
22.51 kg or more a score of 4, The hand-held dynamome-
tet has been shown to be a reliable and valid instrument in
older persons,8-13,38.39

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) scalet 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 IADL 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.3' 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 1o 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. #4

Covariates

Baseline sociodemographic variables include gender, age
(65~74, 75~-84, =85), 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 told 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?2, 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.*s Smoking status was assessed by asking
subjects whether they were a nevef 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 ratio (HR) of death, controlling for sociodemo-
graphic variables, functional disability, timed walk, medi-
cal conditions, BMI, and smoking status at baseline. Three
hierarchical models assessed mortality. In Model 1, hand-
grip strength 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 (87.7) 937 (65.4)
75-84 696 (28.0) 275 (26.1) 421 (29.4)
=85 141 (5.6) 66 {6.2) 75 (5.2)
Marital status, n (%)
Married 1,402 (56.4) 800 (75.8) 802 (42.0)
Unmarried 1,086 (43.6) 255 (24.2) 831 (58.0)
Education, years, n (%) ;
0 428 (17.4) 173 (16.6) 255 (18.0)
1-7 1,455 (59.8) 612 {58.7) 843 (59.5)
811 328 (13.3) 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(21.8)
Spanish 1,932 (77.6) 809 {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 28495 182+ 65
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)
1 645 (28.0) 251 (25.4) 384 (29.7)
2 617 (26.6) 221 (22.3) 396 (29.8)
3 689 (29.7) 322 (32.5) 367 (27.7)
4 245 (10.5) 148 (14.9) 97 (7.3)
Arthritis, ni (%) 985 (39.8) 298 (28.5) 687 (48.2)
Diabetes mellitus, n (%) 664 (26.8) 291 (27.8) 373 (26.1)
Stroke, n (%) 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) 708 (49.7)
Cancer, n (%) 134 (5.4) 57 (5.4) 77 (5.4)
Hip tracture, 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-<26 667 (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)

-1369-



JAGS JULY 2002-VOL, 50, NO. 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 IADL 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 quartiles. 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. Each 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 285 (28.0) 81 (31.0)
30.01-35.00 kg 248 (23.5) 46 (17.7)
=35.01 kg 251 (23.8) 33 (12.6)

Women 1,433 (100) 246 (17.2)
<14.00 kg 359 (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)
222,51 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% Cl =
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 1335 The choice of handgrip strength as a measure of
muscle strength was based on several studies!#671011,13,16,17.22
in which handgrip strength was used as an overall measure
of muscle strength and because it is reliable, valid, and
easy to administer.?1338,3

Several factors, such as decreasing physical acrivicy,
lower levels of hormones such as testosterone ot 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,23202629
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 Américans 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
= 1,055" n = 986" n = 859"
Variable hazard ratio (95% confidence interval)
Age 1.05 (1.03-1.07) 1.05 (1.03-1.07) 1.03 (1.01-1.08)

Marital status, married?
Education, years

0

i-7

9-11

=12t
8moking 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)
41

Any activity of daily living limitation
Any instrumental activity of daily
living fimitation
Short walk score
0 (unable to do}
1

2
3
41
Arthritis
Diabetes mellitus
Stroke
Heart attack
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)

1.30 (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 2 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.

Our 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
n= 1433* nh=1321* n = 1280*

Variable

hazard ratio (95% confidence interval)

Age 1.05 (1.03-1.07)
Marital status, married?!
Education, ysars

8]

1-7

8-11

=12t
Smoking status

Never simokert

Current smoker

Former smoker
HMandgrip strength quartiles

1 2.89 (1.87-4.49)
2 1.91 (1.22-3.01)
3 1.53 {0.87-2.44)
4t

Any activity of daily living

limitation

Any instrumental activity of

daily Hving fimitation

Short walk score

0 {unable to do)
1

2
3

At
Arthritis
Diabetes mellitus
Stroke
Heart attack
Hypertension
Cancer
Hip fracture
Body mass index (kg/m?)
<22
2226t
26—<30
=30

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 (0.55-2.09)

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 (0.78-1.78)
1.44 (1.03-2.00)

4.57 {(1.67-12.53)

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)

3.59 (1.27-10,15)

2.78 (1.12-6.99) 270 (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)
0.98 (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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