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Is grip strength a useful single marker
of frailty?
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Abstract

Background: chronological age is widely used as a matker of frailty in clinical practice. However there can be wide vat-
iation in frailty between individuals of a similar age. Grip strength is a powerful predictor of disability, morbidity and
mortality which has been used in a number of frailty scores but not as a single marker of frailty.

Objective: to investigate the potential of grip strength as a single marker of frailty in older people of similar chrono-
logical age.

Design: cross-sectional study with prospective collection of mortality data.

Setting: North Hertfordshire, UK.

Subjects: 717 men and women, aged 64—74, born and still living in North Hertfordshire, who took part in a previous
study to investigate the relationship between size at birth and ageing processes in later life.

Methods: the number of significant associations between grip strength and the ageing markers was compared with
numbers between chronological age and the ageing markers.

Results: in men, lower grip strength correlated significantly with ten ageing matrkers compated to chronological age
which was significantly associated with seven. In women, there were six significant relationships for grip compared to
three for age. The greater number of relationships between grip strength and ageing markers was not explained by the
association between grip strength and age, and remained after adjustment for adult size.

Conclusions: grip strength was associated with more markers of frailty than chronological age within the narrow age
range studied. Grip strength may prove a more useful single marker of frailty for older people of similar age than chron-

ological age alone. Its validity in a clinical setting needs to be tested.
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Introduction

Chronological age and frailty are closely related and age
in years is frequently used as a marker of frailty in clinical
practice. However there can be wide variation in frailty
between individuals of a similar age and the ability to dis-
tinguish them using chronological age is limited. Alterna-
tive markers of frailty have been sought and a number of
scores have been developed for use in the research set-
ting [1], but there is no single widely accepted score and
their complexity has precluded their use in routine clin-
ical practice.

Grip strength is included in many of these scores.
Loss of grip strength is strongly associated with increasing
chronological age [2] but, independent of this relationship,
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it appears to be a powerful predictor of disability, morbidity
and mortality. Lower grip strength is associated with
incident as well as prevalent disability, suggesting that
age-related loss of muscle mass and volitional muscle
strength can be a cause as well as a consequence of phys-
ical disability [3—0]. Studies looking at the influence of
grip strength on morbidity have focused on musculoskel-
etal disorders, for example higher muscle strength is
related to increased bone mass and lower risk of fracture
[7, 8]. However the most striking association is with
future mortality. Grip strength in mid-life [9] and later
years [10] predicts long-term survival.

These associations suggest that grip strength may be a
good marker of frailty [11]. We compared the use of grip
strength and chronological age as single markers of frailty
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using data from a study of ageing in older people aged
6474 years.

Methods

Between 1994 and 1995 a community sample of 717 men
and women aged 04-74 years participated in a study
designed to investigate whether rates of ageing were asso-
ciated with growth in eatly life [12]. Ethical approval for the
study was obtained from the North Hertfordshite Local
Research Ethics Committee. Four trained research nurses
catried out home visits and obtained a detailed medical and
social history. Blood pressure was also measured during the
visit. Following this, subjects were invited to attend a clinic
for anthropometty, including height and weight, and assess-
ment of ageing markers in different body systems.

Grip strength was measured using a Harpenden
dynamometer [13] and skin thickness determined by
ultrasound [14]. A simple tooth count was carried
out after removal of any dentures. Heatring acuity was
determined using pure-tone manual audiometry and
cognitive function was assessed with the AH4 IQ test.
The detailed eye examination included measurement of
distance visual acuity with a Bailey-Lovey logMAR chart
[15] and determination of intra-ocular pressure using a
Perkins applanation hand-held tonometer [16]. Slit lamp
examination allowed grading of nuclear lens opacity with
the LOCSIII system [17] and clinical classification of age-
related macular degeneration. Blood investigations
included haemoglobin, creatinine, albumin and alkaline
phosphatase levels.

Using the National Health Service Central Register,
the study participants were followed up for 4 years 10
months until the end of 1999 and information on deaths
collected. Cause of death was classified according to the
International Classification of Diseases (9th revision).

Statistical analysis

Skewed variables were log, transformed to normal distri-
butions for analysis. The characteristics of the subjects
were initially described using means and standard
deviations, and tabulations of frequency and percentage
distributions. Correlation and regression analyses were
then used to investigate the relationship between age,
grip and each of the ageing markers. Linear regression
models were used for continuously distributed ageing
markers, and logistic regression models for markers with
binary or ordinal distributions. The associations with all
cause mortality were determined using Cox’s propot-
tional hazards model. A setries of hierarchical analyses
was carried out for each ageing matker. Firstly the univat-
iate relationship between gtip strength and each ageing
matker was explored. Secondly, the univariate relation-
ship between chronological age and each ageing marker
was considered. Finally, grip and age were considered
simultaneously in relation to each ageing marker. In this
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way, the independent mutually adjusted relationships
between grip and age and each marker of ageing were
assessed. The 5% significance level was used to identify
significant associations. Analyses were repeated using a
measure of grip strength adjusted for height. Men and
women were analysed separately throughout. All statisti-
cal analyses were carried out using Stata, release 7.

Results

The study sample comprised 411 (57%) men and 306
(43%) women. There was no difference in the average
age of the men and women (mean 67.5 years) but grip
strength was substantially higher in men (mean 38.3kg,
SD 7.1kg) than women (mean 22.5kg, SD 5.3kg,
P<0.0001 for difference). The other major associations
with grip strength were age and current size. Grip
strength decreased with increasing age (r=-0.18,
P=0.002 men, r=-0.18, P=0.001 women) and lower
height (r=0.29, P<0.0001 men, r=0.19, P=0.0007
women). The associations between grip strength,
chronological age and markers of ageing in different
body systems for men and women are described in
Tables 1 and 2.

In men, lower grip strength correlated significantly
with ten ageing markers in univariate analyses: decreased
cognitive function, increased lens opacity, higher heating
threshold, poorer visual acuity, lower haemoglobin,
higher alkaline phosphatase, fewer teeth, increased risk of
walking problems, self-reported generalised arthritis and
fracture. This compared with chronological age which
was significantly associated with seven of the recognised
markers of ageing in this group: cognitive function, lens
opacity, hearing threshold, visual acuity, haemoglobin,
number of teeth and fracture after age 50. After adjust-
ment for chronological age, grip strength remained signi-
ficantly associated with all the same matkers of ageing
except heating threshold and number of teeth, demon-
strating that the associations between grip strength and a
wide range of markers of ageing were not explained by
grip being related to age.

Univariate analyses for women identified six signifi-
cant correlations with lower grip strength: decreased cog-
nitive function, thinner skin, higher hearing threshold,
increased risk of walking problems, self-reported myo-
cardial infarction and generalised arthritis. Chronological
age was associated significantly with three of the ageing
markers: cognitive function, lens opacity and visual acu-
ity. Gtip strength was no longer associated with cognitive
function after adjustment for chronological age but the
five other cortelations remained.

The relationship between grip strength, chronological
age and all cause mortality was also investigated. Thitty-
seven men and 15 women had died during the 4 year 10
month follow-up period. The all cause mortality rate was
higher for men than women (hazard ratio 1.88, 95% CI
1.03, 3.43, P=0.04). In the men, grip strength was
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Table |. Grip strength and age in relation to markers of ageing in men

Univariate correlation coefficients®

Mutually adjusted correlation coefficients”

Characteristic Grip P-value  Age P-value Grip P-value  Age P-value Model R?
Cognitive function (AH4) 047 00000  -01 003 015 0003 008 010 34
Heating threshold (dBA) -0.10 0.04 0.19 <0.001 -0.07 0.17 0.17 0.001 3.4
Lens opacity (LOCSIIT) -0.19 0.0002 0.13 0.01 -0.17 0.001 0.10 0.06 4.0
Visual acuity (normal score) -0.14 0.003 0.10 0.04 -0.13 0.01 0.08 0.11 2.7
Intraoculat pressure (mm Hg) 0.02 0.75 0.04 0.39 0.02 0.63 0.05 0.35 0.2
Systolic blood pressure (mm Hg) 0.06 0.24 0.08 0.12 0.07 0.13 0.09 0.07 1.1
Skin thickness (mm) 0.04 0.43 =0.02 0.75 0.04 0.46 -0.01 0.86 0.2
Haemoglobin (g/dl) 0.15 0.003 -0.16 0.002 0.12 0.01 -0.13 0.007 3.9
Albumin 0.07 0.18 =0.00 0.95 0.07 0.18 0.01 0.86 0.4
Alkaline phosphatase -0.11 0.03 0.07 0.13 -0.10 0.05 0.06 0.26 1.5

Univariate odds ratios (OR)" Mutually adjusted odds ratios (OR)

PerSD  P-value  Peryear  P-value Per SD  P-value  Peryear  P-value Model R
Macular degeneration 0.87 0.23 0.98 0.72 0.86 0.19 0.97 0.55 0.4
Number of teeth® 0.82 0.03 1.17 <0.001 0.87 0.13 1.16 <0.001 1.6
Walking problems® 0.63 0.001 1.11 0.07 0.65 0.002 1.08 0.19 31
Myocardial infarction 0.85 0.25 1.10 0.12 0.88 0.37 1.10 0.16 1.0
Stroke 0.75 0.27 1.02 0.84 0.75 0.28 1.00 1.00 1.0
Urinary tract infection 0.90 0.45 1.07 0.25 0.92 0.57 1.06 0.30 0.5
Hypothyroidism 0.90 0.88 1.03 0.92 0.91 0.89 1.02 0.94 0.1
Generalised arthritis 0.74 0.01 1.05 0.37 0.75 0.02 1.02 0.66 1.6
Fracture since age 50 years 0.53 0.001 1.18 0.04 0.55 0.001 1.14 0.11 6.9

Univariate hazard ratios (HR)f Mutually adjusted hazatd ratios (HR)f

Model

PerSD  P-value  Peryear  P-value Per S P-value  Peryear  P-value deviance

All cause mortality 0.59 0.001 0.98 0.73 0.57 <0.001 0.93 0.30 430.4

*Univariate Pearson cortelation coefficients for each continuously distributed characteristic in relation to grip, and separately in relation to age.

PPartial correlation coefficients for each continuously distributed characteristic in relation to grip and age simultancously, together with the percentage R?

statistic from a regression model of the characteristic on grip and age simultaneously.

“Univariate odds ratios for each binary characteristic in telation to grip, and separately in relation to age.

dMutually adjusted odds ratios from logistic regression models for each binary characteristic in relation to grip and age simultancously, together with the per-

centage pseudo R? statistics for these models.

Odds ratios for a worse outcome, and model percentage pseudo R? statistics, obtained from ordinal logistic regression models as number of teeth and walk-

ing problems were analysed as ordinal variables.

fUnivariate and mutually adjusted hazard ratios for mortality risk from Cox Proportional Hazards models and model deviance.

significantly correlated with all cause mortality. This was
not seen in the women. Chronological age, within the
10-year age range tested, was not related to all cause
mortality in the men or women.

In view of the known strong associations between
grip strength and adult size, the analyses were repeated
after adjustment for height (Tables 3 and 4 ). The pattern
of associations remained similar suggesting that grip,
independent of adult size, was associated with a wide
range of ageing markers including all cause mortality in
the men.

Discussion

We have demonstrated that grip strength is significantly
associated with more markers of frailty than chronological
age in a group of older men and women within a 10-year
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age range. It is unlikely that loss of grip strength lies on the
final common pathway for biological ageing although the
recent finding reported in Nature that nematode ageing is
also associated with gradual, progressive deterioration of
muscle suggests that this is a species-wide ageing phenom-
enon [18]. The wide range of associations with ageing in
other systems is more likely to reflect that loss of grip
strength is a particulatly specific marker of the undetlying
ageing processes because of the rarity of muscle-specific
diseases contributing to change in muscle function. Ageing
markers are defined by their relationship to chronological
age over a lifespan, yet we demonstrated that a number of
the matkers used and all cause mortality were not related
to chronological age in this study. This reflects the fact that
variation in frailty between individuals of a similar age can
be greater than that associated with differences over a
10-year age span and highlights the difficulties of using
chronological age to differentiate such people.
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Table 2. Grip strength and age in relation to markers of ageing in women

Univariate correlation coefficients®

Characteristic Grip P-value  Age
Cbgﬁiﬁvé vfunvcvtiorvlv(AvH4) 012 003 016
Hearing threshold (dBA) —0.12 0.03 0.07
Lens opacity (LOCSIII) 0.02 0.77 0.12
Visual acuity (normal score) —-0.10 0.09 0.14
Intraocular pressure (mm Hg) —-0.00 0.98 —-0.05
Systolic blood pressure (mm Hg) 0.00 1.00 0.05
Skin thickness (mm) 0.17 0.004 -0.09
Haemoglobin (g/dl) 0.07 0.25 -0.07
Albumin 0.11 0.06 -0.03
Alkaline phosphatase =0.07 0.19 0.09
B  Univariate odds ratios (OR)®
PerSD  P-value  Peryr
Macular degeneration 093 052 108
Number of teeth® 0.89 0.26 1.03
Walking problems® 0.62 0.002 1.00
Myocardial infarction 0.50 0.03 1.31
Stroke 0.68 0.31 1.03
Utrinary tract infection 1.07 0.59 0.92
Hypothyroidism 0.65 0.06 1.05
Generalised arthritis 0.65 0.001 1.02
Fracture since age 50 years 0.77 0.07 1.08
Univariate hazard ratios (HR)f
PerSD  P-value  Peryr
All cause mortality 1.18 0.54 1.00

Mutually adjusted cortelation coefficients”

P-value Grip P-value  Age P-value Model R?
0.007 0.10 0.09 -0.14 0.02 2.7
0.22 -0.11 0.05 0.05 0.36 1.8
0.04 0.04 0.49 0.12 0.03 1.6
0.01 -0.07 0.22 0.13 0.02 2.7
0.40 -0.01 0.84 =0.06 0.32 0.3
0.38 0.01 0.87 0.05 0.37 0.3
0.13 0.15 0.007 =0.06 0.33 3.1
0.21 0.05 0.35 =0.06 0.28 0.8
0.58 0.10 0.08 -0.02 0.78 0.5
0.12 -0.06 0.29 0.07 0.20 1.1

Mutually adjusted odds ratios (OR)?
P-value Per SD P-value  Peryr P-value Model R
0.16 0.95 0.69 1.08 0.17 0.6
0.57 0.90 0.30 1.01 0.77 0.1
0.98 0.62 0.002 0.97 0.67 3.0
0.08 0.54 0.05 1.25 0.16 8.3
0.89 0.67 0.31 0.99 0.96 1.7
0.15 1.03 0.79 0.92 0.16 0.6
0.66 0.66 0.07 1.01 0.93 2.4
0.69 0.65 0.001 0.99 0.90 3.1
0.25 0.79 0.10 1.07 0.33 1.4

Mutually adjusted hazard ratios (HR)f

Model

P-value Per SD P-value  Peryr P-value deviance

0.98 1.18 0.53 1.01 0.94 170.5

“Univariate Pearson correlation coefficients for each continuously distributed characteristic in relation to grip, and separately in relation to age.

PPartial correlation coefficients for each continuously distributed characteristic in relation to grip and age simultancously, together with the percentage R?

statistic from a regression model of the characteristic on grip and age simultaneously.

“Univariate odds ratios for each binary characteristic in relation to grip, and separately in relation to age.

9Mutually adjusted odds ratios from logistic regression models for each binary characteristic in relation to gtip and age simultancously, together with the per-

centage pseudo R? statistics for these models.

“Odds ratios for a worse outcome, and model percentage pseudo R? statistics, obtained from ordinal logistic regression models as number of teeth and walk-

ing problems were analysed as ordinal variables.

fUnivariate and mutually adjusted hazard ratios for mortality risk from Cox Proportional Hazards models and model deviance.

There atre limitations to our study that requite con-
sideration. Grip strength is strongly associated with
current size as well as age. However, grip remained
significantly associated with the markers of frailty
even after adjustment for age and current height. Grip
strength was not associated with mortality in the
women but there were few deaths among the women,
and there was probably insufficient power to detect this
relationship in the relatively short follow up period. We
identified significant correlations between grip strength
and a number of ageing markers but the proportion of
vatiance explained by the models was small. Nevertheless
it was of similar magnitude to the proportion of vari-
ance explained by the models including chronological
age which has established relationships with the ageing
markers chosen. The proportion of variance explained
in regression models is often small because of unmeas-

ured and unmeasurable sources of variation. Therefore
the relationships demonstrated between grip strength
and ageing in a number of systems may be meaningful
and explain the well-documented links between grip
strength and disability, morbidity, and mortality.

The limitations of chronological age as a predictor of
frailty are often overlooked in the clinical setting where
age alone is used to guide management decisions. In rec-
ognition of this, the first standard in the recent National
Service Framework for Older People focuses on rooting
out age discrimination [19] and in the Reith Lectures,
Tom Kirkwood suggested that we should ‘get tid of age
from the medical record altogether and let the patient’s
biological state speak for itself” [20]. However, quantify-
ing frailty, or the closely related concept of biological age,
remains problematic and scores that have been developed
for this purpose are rarely used outside the research setting.
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Table 3. Height-adjusted-gtip strength and age in relation to markers of ageing in men

Univariate correlation coefficients

Characteristic Grip P-value  Age

Cognitive function (AH4) 0.14 0.005  —0.11
Hearing threshold (dBA) —0.08 0.11 0.19
Lens opacity (LOCSIII) -0.18 <0.001 0.13
Visual acuity (normal score) -0.14 0.003 0.10
Intraocular pressure (mm Hg) 0.04 0.43 0.04
Systolic blood pressure (mm Hg) 0.09 0.06 0.08
Skin thickness (mm) =-0.01 0.92 —-0.02
Haemoglobin (g/dl) 0.15 0.003  -0.16
Albumin 0.08 0.11 —0.00
Alkaline phosphatase -0.10 0.05 0.07

Univariate odds ratios (OR)"

Per SD P-value  Peryr
Macular degeneration 0.91 0.39 0.98
Number of teeth® 0.81 0.02 1.17
Walking problems*© 0.64 0.001 1.11
Myocardial infarction 0.87 0.33 1.10
Stroke 0.72 0.19 1.02
Urinary tract infection 0.90 0.47 1.07
Hypothyroidism 0.69 0.57 1.03
Generalised arthritis 0.74 0.01 1.05
Fracture since age 50 years 0.49 <0.001 1.18

Al

Univariate hazard ratios (HR)f

Per SD P-value  Peryr

0.66 0.006 0.98

| cause mortality

a

P-value

0.03

<0.001
0.01
0.04
0.39
0.12
0.75
0.002
0.95
0.13

P-value
0.72
<0.001
0.07
0.12
0.84
0.25
0.92
0.37
0.04

P-value

0.73

Mutually adjusted correlation coefficients”

Grip P-value  Age P-value Model R?

0.13 0.01 -0.09 0.07 2.8
-0.05 0.28 0.18 <0.001 3.7
-0.16 0.002 0.10 0.04 4.2
-0.13 0.008 0.08 0.09 2.8

0.05 0.36 0.05 0.32 0.4

0.11 0.03 0.09 0.06 1.7
-0.01 0.88 -0.02 0.74 0.0

0.13 0.01 -0.14 0.006 4.0

0.08 0.11 0.01 0.86 0.6
-0.09 0.09 0.06 0.22 1.3
Mutually adjusted odds ratios?
PerSD  P-value  Peryr P-value Model R?
0.90 0.36 0.98 0.62 0.2
0.85 0.08 1.16 <0.001 1.6
0.65 0.002  1.09 0.15 3.1
0.89 0.44 1.10 0.14 1.0
0.72 0.20 1.00 0.99 1.3
0.92 0.57 1.07 0.29 0.5
0.69 0.58 1.01 0.98 1.1
0.75 0.02 1.03 0.59 1.6
0.50 <0.001  1.15 0.09 8.6
Mutually adjusted hazard ratios (HR)

Model

PerSD P-value  Peryr P-value deviance
0.64 0.005 0.94 0.43 434.4

“Univariate Pearson correlation coefficients for each continuously distributed characteristic in relation to height adjusted grip, and separately in relation to age.

PPartial correlation coefficients for each continuously distributed characteristic in relation to height adjusted grip and age simultaneously, together with the

percentage R? statistic from a regression model of the characteristic on height adjusted grip and age simultaneously.

“Univariate odds ratios for each binary characteristic in relation to height adjusted grip, and separately in relation to age.

dMutually adjusted odds ratios from logistic regression models for each binary characteristic in relation to height adjusted grip and age simultaneously,

together with the percentage pseudo R statistics for these models.

Odds ratios for a worse outcome, and model percentage pseudo R? statistics, obtained from ordinal logistic regression models as number of teeth and walk-

ing problems were analysed as ordinal variables.

fUnivariate and mutually adjusted hazard ratios for mortality risk from Cox Proportional Hazards models and model deviance.

The findings from this study suggest that grip strength
could be a more useful single marker of frailty for
people of a similar age than chronological age alone.
Perhaps it is now time for its validity to be tested in a
clinical setting.

K

ey points

Chronological age is widely used as a marker of frailty
in clinical practice, however there can be wide variation
between individuals of the same age and the ability of
chronological age to distinguish the frailty of people
within a narrow age range is limited.

Grip strength is a powerful predictor of disability,
morbidity and mortality and is used in many scores of
frailty but its potential as a single marker of frailty is
not known.
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Grip strength was associated with more markers of
frailty than chronological age in men and women
within a 10 year age range.

Grip strength may prove a more useful single marker
of frailty for older people of similar age than chrono-
logical age alone and its validity in a clinical setting
needs to be tested.
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Table 4. Height-adjusted-grip strength and age in relation to matkers of ageing in women

Univariate correlation coefficients®

Characteristic Grip P-value  Age
Cognitive function (AH4) 010 010 =016
Hearing threshold (dBA) -0.12 0.03 0.07
Lens opacity (LOCSIII) 0.03 0.62 0.12
Visual acuity (normal score) —-0.07 0.24 0.14
Intraocular pressure (mm Hg) —0.00 0.96 -0.05
Systolic blood pressure (mm Hg) 0.03 0.66 0.05
Skin thickness (mm) 0.15 0.009  -0.09
Haemoglobin (g/dl) 0.06 0.30 =0.07
Albumin 0.12 0.04 —0.03
Alkaline phosphatase -0.08 0.18 0.09
B  Univariate odds ratios (OR)®
PerSD  P-value  Per year
Macular degeneration 0.92 0.48 1.08
Number of teeth® 0.90 0.31 1.03
Walking problems® 0.60 0.001 1.00
Myocardial infarction 0.48 0.02 1.31
Stroke 0.63 0.22 1.03
Urinary tract infection 1.08 0.53 0.92
Hypothyroidism 0.66 0.07 1.05
Generalised arthritis 0.04 <0.001 1.02
Fracture since age 50 years 0.79 0.09 1.08
Univariate hazard ratios (HR)f
PerSD  P-value  Peryear
All cause mortality 1.26 0.40 1.00

Mutually adjusted correlation coefficients”

P-value Grip P-value  Age P-value Model R?
0.007 0.07 0.22 -0.14 0.01 3.0
0.22 -0.11 0.06 0.06 0.28 1.9
0.04 0.05 0.39 0.13 0.03 1.7
0.01 -0.04 0.44 0.14 0.02 23
0.40 -0.01 0.83 =0.06 0.30 0.4
0.38 0.04 0.54 0.06 0.31 0.4
0.13 0.14 0.02 -0.06 0.27 2.6
0.21 0.05 0.40 =0.06 0.27 0.8
0.58 0.11 0.05 -0.01 0.81 1.4
0.12 -0.06 0.26 0.08 0.20 1.2
Mutually adjusted odds ratios?
P-value PerSD  P-value Peryear  P-value Model R
0.16 0.95 0.64 1.08 0.16 0.6
0.57 0.91 0.35 1.02 0.70 0.1
0.98 0.59 0.001 0.98 0.73 3.7
0.08 0.51 0.03 1.24 0.17 9.5
0.89 0.63 0.22 0.99 0.95 2.4
0.15 1.05 0.69 0.93 0.17 0.6
0.66 0.67 0.07 1.01 0.92 23
0.69 0.64 <0.001 1.00 0.96 33
0.25 0.81 0.14 1.07 0.32 1.3
Mutually adjusted hazard ratios (HR)f
Model

P-value PerSD  P-value  Peryear P-value deviance
0.98 1.26 0.40 1.01 0.92 170.1

“Univariate Pearson cotrelation coefficients for each continuously distributed characteristic in relation to height adjusted grip, and separately in relation to age.

PPartial correlation coefficients for each continuously distributed characteristic in relation to height adjusted grip and age simultaneously, together with the

percentage R? statistic from a regression model of the characteristic on height adjusted grip and age simultaneously.

“Univatiate odds ratios for each binary characteristic in relation to height adjusted grip, and separately in relation to age.

9Mutually adjusted odds ratios from logistic regression models for each binary characteristic in relation to height adjusted grip and age simultaneously,

together with the percentage pseudo R statistics for these models.

0dds ratios for a worse outcome, and model percentage pseudo R statistics, obtained from ordinal logistic regression models as number of teeth and walk-

ing problems were analysed as ordinal variables.

fUnivariate and mutually adjusted hazard ratios for mortality risk from Cox Proportional Hazards models and model deviance.
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