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OBJECTIVES: To provide normative values of tests of
cognitive and physical function based on a large sample
representative of the population of Ireland aged 50 and
older.

DESIGN: Data were used from the first wave of The Irish
Longitudinal Study on Ageing (TILDA), a prospective
cohort study that includes a comprehensive health assess-
ment.

SETTING: Health assessment was undertaken at one of
two dedicated health assessment centers or in the study
participant’s home if travel was not practicable.

PARTICIPANTS: Five thousand eight hundred ninety-
seven members of a nationally representative sample of the
community-living population of Ireland aged 50 and older.
Those with severe cognitive impairment, dementia, or Par-
kinson’s disease were excluded.

MEASUREMENTS: Measurements included height and
weight, normal walking speed, Timed Up-and-Go, hand-
grip strength, Mini-Mental State Examination (MMSE),
Montreal Cognitive Assessment (MoCA), Color Trails
Test, and bone mineral density. Normative values were
estimated using generalized additive models for location
shape and scale (GAMLSS) and are presented as percen-
tiles, means, and standard deviations.

RESULTS: Generalized additive models for location shape
and scale fit the observed data well for each measure, lead-
ing to reliable estimates of normative values. Performance
on all tasks decreased with age. Educational attainment
was a strong determinant of performance on all cognitive
tests. Tests of walking speed were dependent on height.
Distribution of body mass index did not change with age,
owing to simultaneous declines in weight and height.
CONCLUSION: Normative values were found for tests of
many aspects of cognitive and physical function based on
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he comprehensive geriatric assessment (CGA) is now

widely used as a multidomain assessment in clinical
practice, with various validated tests used to measure med-
ical, functional, psychological, and social domains.

The CGA informs evidence-based, goal-directed,
patient-oriented interventions by multidisciplinary teams.
In general, clinicians adapt the CGA for local use, and
although there are recommended domains for assessment,
the tests that are used depend on the setting, local prac-
tice, and experience. There is evidence that this targeted
approach is superior to general medical assessment. In a
recent Cochrane review,! CGA resulted in lower mortal-
ity, greater likelihood of independent living, better long-
term cognitive outcomes, and lower rates of institutional
care.

Interpretation of the tests used in the CGA relies on
the availability of reliable, up-to-date reference or “norma-
tive” values that correspond to the range of test scores
observed in the population and with which the individual
can be compared.

This article provides normative values for a battery
of tests that are typical of a CGA and were adminis-
tered to a national population-representative sample as
part of The Irish Longitudinal Study on Ageing
(TILDA). These measures included the Mini-Mental State
Examination (MMSE), the Montreal Cognitive Assess-
ment (MoCA), executive function measured using the
Color Trails Test, height, weight, body mass index
(BMI), bone density measured according to heel bone
ultrasound, the Timed Up-and-Go (TUG) test, walking
speed, and grip strength.
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METHODS

Sample

The TILDA sample is described in detail in an accompany-
ing article within this issue.” In brief, the TILDA cohort is
a nationally representative sample of 8,175 adults aged 50
and older (4,431 women). The study sample was recruited
based on the RANSAM sampling frame, which is based on
the Irish national directory of all residential addresses.’
Geographic clusters were generated, and 640 of these were
selected for use in the study, stratified according to area
level socioeconomic status and geographical location.
Forty addresses were selected within each cluster, and an
interviewer visited each. All individuals aged 50 and older
living in each selected household were invited to partici-
pate in the study. The household response rate was
62.0%. Further details of the study design can be found
elsewhere.*

After the home interview, each participant was invited
to undergo a comprehensive health assessment at one of
two dedicated health assessment centers or in their own
home if travel to a center was not practicable. Research
nurses conducted assessments. Eight hundred sixty-one
(10.5%) participants had a home assessment, and 5036
(61.6%) were assessed in a health assessment center. The
home assessment did not include all of the measures
included in the health assessment, so a total available sam-
ple of 5,897 individuals was available for some measures
and 5,036 for others. Characteristics of the health center
and home assessment samples are described elsewhere in
this issue.’

Inclusion and Exclusion Criteria

Every member of the population of Ireland aged 50 and
older living at a private residential address (not in a long-
term care institution) was equally likely to be invited to
participate in the study. At Wave 1 (baseline), TILDA did
not include any participant who could not personally
consent to the study, excluding individuals with severe
cognitive impairment.

Those with diagnosed dementia, Alzheimer’s disease,
or Parkinson’s disease or who scored less than 10 on the
MMSE were also excluded from the present analysis
(n = 62). The normative values are therefore applicable to
the community-living population of Ireland without
Parkinson’s disease or severe cognitive impairment.

TILDA Health Assessment

Details of the rationale for the selection of tests included
in the TILDA assessment and the standardized operational
procedures and quality control processes under which they
were conducted are described elsewhere.’ A brief descrip-
tion of the rationale for the test selection and the methods
used to obtain the measures from which norms were calcu-
lated is given below.

A panel of experts devised the TILDA test battery
with regard to several requirements: first, to incorporate
the main elements of a CGA, in particular the domains of
cognitive and physical function; second, to maintain a

degree of comparability with previous population-based
studies and a relevance to clinical practice; third, to incor-
porate recent developments and novel elements; and
finally, to be conducted within a reasonable time frame for
a single health assessment center visit. The measures
reported in the current article include well-known tests
that are commonly applied but for which up-to-date nor-
mative values do not exist in the Irish population (e.g.,
TUG test), as well as those for newer tests that are becom-
ing more widely adopted but for which normative values
have been established in only a small number of cohorts
worldwide (e.g., MoCA).

Measures

The Irish Longitudinal Study on Ageing participants are
characterized according to the highest level of education
attained at any point in their lives. None or primary edu-
cation typically corresponds to fewer than 11 years of
full-time education. Secondary education is regarded as
completion of the junior certificate, group certificate, or
leaving certificate and typically corresponds to between 11
and 13 years of full-time education. The final group
includes those who completed tertiary education, including
any diploma or degree at any time in their lives.

Height was measured using a wall-mounted measur-
ing rod (SECA 240, SECA, Birmingham, UK). Height was
dichotomized for stratification of grip strength, gait speed,
and TUG normative values with the cutoff at the sex-spe-
cific median for the sample (173 cm for men and 160 cm
for women). Weight was measured using electronic floor
scales (SECA), and BMI was calculated as weight/height®
with weight measured in kilograms and height in meters.

Functional mobility was measured using the TUG test.
Participants were asked to stand from a seated position,
walk 3 m at their usual pace, turn around, walk back to
the chair, and sit down again. The time taken from the
command “Go” to when the participant was sitting with
their back resting against the back of the chair was
recorded using a stopwatch. A chair with armrests and
seat height of 46 cm was used in the health center. In the
home assessment, an available chair that matched these
dimensions as closely as possible was used (seat height
40-50 cm). Walking speed was measured using a 4.88-m
electronic walkway with embedded pressure sensors
(GAITRite, CIR Systems, Inc., Havertown, PA). Partici-
pants started and finished 2.5 m before and 2 m after the
walkway to allow for acceleration and deceleration,
respectively. Average walking speed was calculated from
two walks performed at normal pace. Maximum grip
strength was measured from four tests (2 on each hand)
using a hydraulic hand dynamometer (Baseline, Fabrica-
tion Enterprises, Inc., White Plains, NY). Bone mass was
measured using quantitative ultrasound (Achilles Heel
Ultrasound, Lunar, Madison, WI). The instrument was cal-
ibrated and tested daily during the study. The Achilles
apparatus for heel evaluation measures the broadband
ultrasound attenuation and the speed of sound through
bone which are combined to provide an index of bone
stiffness. This has been shown to be a significantly better
predictor of fractures than broadband ultrasound attenua-
tion or speed of sound alone.
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The MMSE and MoCA were used to assess global cog-
nitive performance. The MMSE is a well-established® test
used to screen for cognitive impairment that includes mea-
sures of orientation, registration, attention, calculation,
recall, and language. The MoCA”’ is known to be more
sensitive to mild cognitive deficits than the MMSE when
applied in cognitively intact older adults. In addition to the
domains that the MMSE measures, MoCA assesses execu-
tive function, abstraction, and visuospatial ability. MoCA
and MMSE scores range from 0 to 30. Executive function
was measured using the Color Trails Test.® In Task 1, the
participant was asked to draw a line connecting a series of
25 numbers that alternate between pink and yellow. In the
second task, they were instructed to alternate between pink
and yellow colored numbers, avoiding distractors. The
completion times for both trail tasks were recorded.

Analysis

Generalized Additive Models for Location, Shape and
Scale (GAMLSS)® were used to estimate normative values.
GAMLSS are a generalization of the more widely known

generalized linear models. In the current analysis, continu-
ous measures are modelled using the Box Cox Power
Exponential (BCPE) distribution, while discrete measures
are modeled using the negative binomial distribution. The
BCPE distribution has four parameters, corresponding to
location, scale, skew, and kurtosis of the distribution.'®
The negative binomial distribution has two parameters,
corresponding to location and dispersion. GAMLSS allows
all model parameters to be modelled as functions of the
independent variables (e.g., allowing the standard devia-
tion as well as the mean of a distribution to vary with age
and sex). The package gamlss (http://gamlss.org) in statisti-
cal software R (R Foundation for Statistical Computing,
Vienna, Austria) was used throughout.

Age was included as a continuous variable in each of
the regression models. To account for the fact that many
relationships with age are nonlinear, restricted cubic
splines were calculated and used instead of age per se in
regression models. This approach breaks age up into
groups defined according to “knots” at their boundaries.
Between each pair of knots, that is within each age group,
the relationship between the outcome of interest and age

Table 1. Specific Tests and Measures Used and Numbers with Complete or Missing Data for Each Assessment

Assessment Test or Measurement

Sample with Complete Data, n®

Reason for Missing Data (n)

Global cognitive function Mini-Mental State Examination

Global cognitive function Montreal Cognitive Assessment

Executive function (attention, Color Trail Task 1

processing)

Executive function (attention, Color Trail Task 2

processing, mental flexibility)

Weight SECA electronic floor scales

Height Wall-mounted measuring rod

Functional mobility Timed Up-and-Go

Walking speed 4.88-m timed walk

Grip strength Baseline dynamometer

Bone density Heel bone ultrasound

5,842 (health center + home assessment)

5,802 (health center + home assessment)

5,732 (health center + home assessment)

5,663 (health center + home assessment)

5,836 (health center + home assessment)

5,834 (health center + home assessment)

Unable (5)

Unwilling (7)

No reason recorded (2)
Unable (29)

Unwilling (5)

No reason recorded (20)
Unable (71)

Unwilling (48)
Technical problem (1)
No reason recorded (4)
Unable (95)

Unwilling (59)
Technical problem (1)
No reason recorded (38)
Unable (12)

Unwilling (3)

Technical problem (2)
No reason recorded (3)
Unable (14)

Unwilling (2)

Technical problem (2)
No reason recorded (4)

5,791 (health center + home assessment) Unable (43)

Unwilling (18)

No reason recorded (4)
4,931 (health center assessment only) Unable (37)

Unwilling (20)

Technical problem (23)
No reason recorded (2)

5,819 (health center + home assessment) Unable (28)

Unwilling (6)

No reason recorded (3)
4,980 (health center assessment only) Unable (11)

Unwilling (5)

Technical problem (11)
No reason recoded (6)

N = 5,013 (health center) + 843 (home assessment) = 5,856.
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varies as a third-order polynomial. These polynomials are
constrained to join smoothly at each knot, creating a
smooth continuous function, the complexity of which
depends on the number of knots, k, used in its estimation.
In practice, k-1 continuous variables, which when entered
into a linear regression model yield the nonlinear relation-
ship with age as described above, replace the continuous
variable “age.” The additional covariates considered for
each model include sex, level of education (for cognitive
tests), and height (for tests of walking speed and strength).
Interaction terms between all covariates and between age
and each covariate as well as higher-order interactions
were also considered.

Selecting the model for each measure therefore
involves selecting the covariates and interaction terms to
be included and the number of knots to use for each
spline. The BCPE distribution has four parameters, so four
model equations need to be specified for each continuous
measure. Each model was selected to minimize the Akaike
Information Criterion (AIC). First, the equation for the
location parameter was selected. The number of knots for
the cubic spline was set between two (a straight line) and
seven. A forward and backward stepwise selection was
used for each number of knots to select which of the
covariates and interactions was to be included, using the
Generalized AIC calculated using the gamlss function

stepGAIC(). These models were then compared, and the
number of knots that led to the model with the smallest
AIC was selected. Once the equation for the location was
selected, this process was repeated to select the equation
for the scale parameter, given the location equation, and
for the shape parameters, given the scale and location
equations.

Inverse probability weights were then applied to the
final model to ensure that estimates were applicable to the
population. For each participant, the weight applied was
the inverse of the probability that a member of the com-
munity-living older population of Ireland selected at ran-
dom with his or her characteristics would have undergone
the TILDA health assessment. Weights were calculated in
a two-step procedure. First, the distribution of age, sex,
and educational attainment among the TILDA home inter-
view sample was compared with the distribution among
the older Irish population reported in the Quarterly
National Household Survey (2010) to calculate an initial
probability weight. Second, the probability of completing a
health assessment given participation in the home inter-
view was calculated based on characteristics recorded in
the interview. These probability weights were multiplied to
create the final weight. Missing data are rare, so missing
data with respect to individual measures was assumed to
be missing completely at random.

Table 2. Mini-Mental State Examination Scores Stratified According to Highest Educational Attainment, Based on
a Sample of 5,842 Individuals Aged 50 and Older Representative of the Community-Dwelling Population of Ireland
without Known Dementia, Parkinson’s Disease, or Severe Cognitive Impairment

Age
Percentile 50 55 60 65 70 75 80 85
Primary or no education
P95 30 30 30 30 30 30 30 30
P90 30 30 30 30 30 30 29 29
P75 29 29 29 29 29 29 28 28
P50 28 28 28 28 28 27 27 26
P25 26 26 26 26 26 25 25 23
P10 24 24 25 24 24 23 22 20
P05 23 23 23 23 23 22 20 18
Mean 4+ SD 275 + 2.4 275 +£ 23 275 + 2.2 27.4 + 2.3 272 + 2.4 26.7 + 2.7 26.1 + 3.0 252 + 3.6
Secondary education
P95 30 30 30 30 30 30 30 30
P90 30 30 30 30 30 30 30 29
P75 30 30 30 30 30 29 29 28
P50 29 29 29 29 29 28 28 27
P25 28 28 28 28 28 27 26 25
P10 27 27 27 26 26 25 25 24
P05 26 26 26 25 25 24 23 22
Mean + SD 289 £ 1.3 288 £ 14 287 £ 15 28.6 £ 1.6 283 £ 1.8 28.0 £2.0 275 £ 241 26.7 £ 2.4
Tertiary or higher education
P95 30 30 30 30 30 30 30 30
P90 30 30 30 30 30 30 30 30
P75 30 30 30 30 30 30 30 29
P50 30 30 30 29 29 29 29 28
P25 29 29 29 29 28 28 28 27
P10 28 28 28 28 27 27 26 26
P05 28 28 27 27 27 26 26 25
Mean + SD 295 + 0.8 294 +£ 0.9 293 £1.0 291 £ 141 29.0 £ 1.3 287 £ 14 284 £ 15 28.0 £ 1.6

Age corresponds to exact year of age; values for intermediate ages should be estimated by interpolation between supplied values.

SD = standard deviation.
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For each measure, the 5th, 10th, 25th, 50th, 75th,
90th, and 95th percentiles are reported for every fifth year
of age from age 50, stratified according to any covariates
included in the final model. Although data from all partici-
pants aged 50 and older were used in the estimation of the
normative values, the small numbers of participants aged
85 and older led to imprecise estimates of normative val-
ues at those ages, so estimates of normative values are pro-
vided only up to age 85. Because the distributions of many
of the tests are nonnormal, it is not appropriate to use the
means and standard deviations of test scores when com-
paring an individual with the population, although means
and standard deviations are of interest, for example, when
performing power calculations, so these values were
extracted from each model and supplied along with quan-
tiles.

RESULTS

Of the 5,013 participants who attended the health assess-
ment center, 2,720 (54%) were female, and the mean age
was 62.0. Including the additional 843 who had a health
assessment in their own home, 3,176 (54%) were female,
and the mean age was 63.1. The sample was ethnically
homogeneous, with 98% of the Irish population aged 50
and older describing themselves as white (census data

available from the Central Statistics Office at www.cso.ie).
A full description of the socioeconomic and health status
of both cohorts is described elsewhere in this issue.’

Table 1 shows numbers of individual participants who
provided valid measurements for each test. The numbers
with missing data were small, with the highest rate of
missing data arising from the second color trail task
(N =193, 3.3% of the sample). Tables 2-9 show modeled
Sth, 10th, 25th, 50th, 75th, 90th, and 95th percentiles
along with the mean and standard deviation for each of
the measures described above reported every fifth year of
age from 50 to 85. Values for intermediate ages should be
estimated using linear interpolation between the supplied
values; for example, an individual aged 62 will have scores
two-fifths of the way between those for individuals aged
60 and 65.

Mini-Mental State Examination (Table 2), MoCA
(Table 3), and time to complete the trail tasks (Table 4)
varied according to highest educational attainment and so
are stratified according to education; differences between
men and women, although statistically significant, were
relatively minor, so cognitive test scores are not stratified
according to sex. The simultaneous decline in weight and
height (Table 5) with age means that the distribution of
BMI in the population did not change substantially with
age, so a table for BMI is not provided. Median BMI was

Table 3. Montreal Cognitive Assessment Scores Stratified According to Highest Educational Attainment, Based on
a Sample of 5,802 Individuals Aged 50 and Older Representative of the Community-Dwelling Population of Ireland
without Known Dementia, Parkinson’s Disease, or Severe Cognitive Impairment

Age
Percentile 50 55 60 65 70 75 80 85
Primary or no education
P95 29 29 29 28 28 28 27 27
P90 28 28 28 28 27 27 26 26
P75 27 26 26 26 26 25 24 23
P50 24 24 24 24 23 22 21 20
P25 22 22 21 21 20 19 18 16
P10 19 19 19 18 17 16 14 12
P05 17 17 17 16 15 13 12 9
Mean + SD 240 £ 35 23.8 +£ 3.6 235 +£ 37 231 £ 3.9 225 + 441 21.7 £ 45 20.7 £ 4.9 19.3 £ 55
Secondary education
P95 29 29 29 29 29 29 28 28
P90 29 29 29 29 28 28 27 27
P75 27 28 27 27 27 26 26 25
P50 26 26 26 26 25 24 23 22
P25 24 24 24 23 23 22 20 18
P10 22 22 21 21 20 19 17 15
P05 20 20 20 19 19 17 15 12
Mean + SD 254 +£ 29 254 £ 29 253 £2.9 25.1 £3.0 24.6 + 3.2 23.8 £ 3.6 22.7 £ 441 211 £ 47
Tertiary or higher education
P95 30 30 30 30 29 29 29 29
P90 30 29 29 29 29 29 28 28
P75 29 29 28 28 28 27 27 27
P50 28 27 27 27 26 26 25 24
P25 26 26 25 25 24 24 23 22
P10 25 24 24 23 22 21 20 19
P05 24 23 22 22 21 20 19 17
Mean + SD 273 £2.0 27.0 £ 21 26.7 £ 2.3 26.3 £ 25 25.8 + 2.7 253 £ 29 24.7 + 3.2 239 £ 35

Age corresponds to exact year of age; values for intermediate ages should be estimated by interpolation between supplied values.

SD = standard deviation.
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between 28.0 and 29.0 kg/m”? in men at all ages and
between 27.0 and 28.0 kg/m? in women. There were sub-
stantial and statistically significant differences according to
sex and height for TUG (Table 6), usual walking speed
(Table 7), and grip strength (Table 8). Normative values
for heel bone mineral density measured according to the
stiffness index (Table 9) are stratified according to sex.

DISCUSSION

Summary of Findings

This study provides normative values for many of the tests
undertaken as part of a geriatric assessment, based on a
sample representative of the community-living Irish popu-
lation aged 50 and older without known dementia, Parkin-

son’s disease, or severe cognitive impairment. Values were
calculated based on the health assessment conducted dur-
ing Wave 1 of TILDA.

Strengths and Weaknesses of the Study

This study was based on a large population-representative
sample who underwent a comprehensive health assessment
including many tests typical of a geriatric assessment. The
sample included those who attended a health assessment
center and those who opted for a home-based health
assessment. Inverse probability weights were applied to all
estimates to correct for possible selection bias to the
TILDA sample.

Individuals with severe cognitive impairments or a
doctor’s diagnosis of dementia or Parkinson’s disease were

Table 6. Time to Complete Timed Up-and-Go (seconds) Test Based on a Sample of 5,791 individuals Aged 50 and
Older Representative of the Community Dwelling Population of Ireland without Dementia, Parkinson’s Disease, or

Severe Cognitive Impairment

Age
Percentile 50 55 60 65 70 75 80 85
Male
<173 cm
P95 6 6 6 7 7 7 8 8
P90 6 6 7 7 7 8 9 9
P75 7 7 7 8 8 9 10 11
P50 8 8 8 9 9 10 11 13
P25 9 9 9 10 11 12 13 15
P10 10 10 10 11 13 14 17 20
P05 11 11 12 13 14 17 20 25
Mean + SD 79 £1.8 82 £+ 21 86 £25 9.1+ 34 10 £ 51 11.5 £ 81 141 £ 12.6 18.4 £ 18.9
>173 cm
P95 6 6 6 7 7 7 7 8
P90 7 7 7 7 7 8 8 8
P75 7 7 7 8 8 9 9 10
P50 8 8 8 9 9 10 10 11
P25 9 9 9 10 10 11 12 14
P10 10 10 10 11 12 13 15 18
P05 10 11 11 12 14 15 18 21
Mean + SD 78 £1.3 8+14 83 +1.6 88 +£1.38 94 £+ 23 0.3 2 &5 116 £ 6.2 133 £ 11.9
Female
<160 cm
P95 6 6 6 7 7 8 8 9
P90 6 6 7 7 7 8 9 10
P75 7 7 7 8 8 9 10 11
P50 8 8 8 9 9 10 12 14
P25 9 9 9 10 11 12 14 17
P10 10 10 11 11 13 15 18 24
P05 12 12 12 13 14 17 22 31
Mean + SD 81 +32 83 +29 86 +£29 9.1+ 34 10.0 £+ 4.7 114 +£74 13.9 + 121 18.4 + 18.9
>160 cm
P95 6 6 6 7 7 7 8 8
P90 6 6 7 7 7 8 8 9
P75 7 7 7 8 8 9 10 10
P50 8 8 8 8 9 10 11 12
P25 9 9 9 9 10 11 13 15
P10 10 10 10 11 12 13 16 20
P05 11 11 11 12 13 15 19 25
Mean 4+ SD 79 +£1.6 81+16 84 £1.7 88 +£1.8 94 £ 22 103 £ 3.2 115+ 58 13.3 £12.0

Age corresponds to exact year of age; values for intermediate ages should be estimated by interpolation between supplied values.
Standard deviations (SDs) are imprecise at older ages because of the influence of few large values.
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Table 7. Usual Walking Speed (seconds) Based on Sample of 4,931 Individuals Aged 50 and Older Representative
of the Community-Dwelling Population of Ireland without Dementia, Parkinson’s Disease, or Severe Cognitive

Impairment
Age
Percentile 50 55 60 65 70 75 80 85
Male
<173 cm
P95 170 169 166 162 157 152 147 142
P90 164 163 160 155 151 145 140 134
P75 155 152 150 145 140 135 129 123
P50 144 142 139 135 129 123 117 110
P25 133 130 127 123 118 111 104 96
P10 122 119 115 111 105 98 90 80
P05 114 111 107 103 97 89 80 69
Mean & SD 1436 +£17.0 141.0 =177 1378 £18.0 133.7 +17.9 1285 + 183 1224 £191 1155 4+ 205 108.1 £ 221
>173 cm
P95 174 173 170 166 161 156 151 146
P90 168 166 164 159 155 149 144 139
P75 158 156 153 149 144 139 133 126
P50 148 145 142 138 133 127 120 113
P25 137 134 130 126 121 114 107 98
P10 125 121 118 114 108 101 92 83
P05 117 113 110 106 100 92 82 72
Mean + SD 1470 + 17.4 1444 + 182 1412 +184 1371 + 184 1319 + 187 126.0 +20.0 119.0 +21.0 111.0 + 23.0
Female
<160 cm
P95 170 168 165 160 154 147 140 133
P90 163 161 158 153 147 140 133 125
P75 152 150 147 142 135 128 121 113
P50 141 138 135 130 124 117 108 99
P25 130 127 123 118 112 104 96 86
P10 119 115 111 107 100 92 83 72
P05 111 107 104 99 93 84 74 64
Mean & SD 1411 & 178 138.2 + 185 134.7 & 186 129.8 & 184 123.6 & 18,5 116.2 & 19.1 108.0 & 20.0 99.1 + 21.1
>160 cm
P95 175 173 170 165 159 152 146 139
P90 168 166 163 158 152 145 138 130
P75 157 154 151 146 140 133 125 117
P50 145 143 139 134 128 121 112 104
P25 134 130 127 122 116 108 99 90
P10 122 118 115 110 104 95 86 75
P05 115 111 107 102 96 87 77 66
Mean 4+ SD 1452 + 183 1423 +19.0 1387 +19.2 1339 +19.0 127.7 191 120.3 +19.8 1121 4+ 20.8 103.1 & 22.0

Age corresponds to exact year of age; values for intermediate ages should be estimated by interpolation between supplied values.

SD = standard deviation.

excluded, as were those living in long-term care institu-
tions, but the sample included individuals with chronic dis-
eases that would potentially affect their test scores, so the
results should be taken to be representative of the general
community-living older population and not the healthy
older population. Identifying a healthy cohort, that is sepa-
rating the pathological from the physiological age-related
change in the older population, is difficult, and removing
all of those with a chronic condition that might in some
way affect their performance would result in a small,
highly atypical sample.

The models fit the observed data well, and the sample
size was adequate for estimating the models. The modeled
values were also compared with those generated using
quantile regression and with basic descriptive statistics
across age groups to validate the approach. Using

GAMLSS models with the BCPE distribution for continu-
ous measures is a well-validated approach to producing
reference curves and is recommended by the World Health
Organization Multicentre Growth Reference Study Group
after a comprehensive comparison of methods for the crea-
tion of child growth curves."' As with all modeling
approaches, there is a danger of overfitting models to data,
as well as producing results that are model driven as
opposed to data driven. The study did not include suffi-
cient individuals aged 85 and older, so normative values
are provided only up to age 85. Less than 4% of data
were missing for all tests, and most cases arose from
participants being unable to complete the test. Those with
missing data were excluded from the analyses, so esti-
mated normative values are applicable to those willing and
able to complete each assessment.
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Table 8. Maximum Grip Strength (kg) from Two Trials of Each Hand, Based on a Sample of 5,819 Individuals
Aged 50 and Older Representative of the Community-Dwelling Population of Ireland without Known Dementia,

Parkinson’s Disease, or Severe Cognitive Impairment

Age
Percentile 50 55 60 65 70 75 80 85
Male

<173 cm
P95 51 49 48 46 43 40 37 34
P90 48 46 45 43 40 37 35 32
P75 43 4 40 38 36 34 31 28
P50 38 36 35 34 32 29 27 24
P25 33 32 30 29 27 25 22 20
P10 29 27 26 25 23 21 19 16
P05 27 24 24 23 21 18 16 16
Mean 4+ SD 384 £ 75 364 £ 7.4 353 +£72 340 £7.0 31.8 £ 6.7 29.2 £ 6.5 26.6 = 6.3 23.8 £+ 6.1

>173 cm
P95 56 53 53 51 48 45 42 40
P90 58 51 49 48 45 42 40 37
P75 48 46 45 43 4 38 35 32
P50 42 4 39 38 36 34 31 28
P25 37 36 35 33 31 29 26 24
P10 33 31 30 29 27 25 22 20
P05 30 28 27 27 24 22 20 18
Mean + SD 427 + 7.8 40.7 + 7.7 39.7 + 76 384 +£ 7.4 36.1 + 7.1 33.6 £ 7.0 309 + 6.8 282 + 6.7

Female

<160 cm
P95 31 29 28 27 26 24 23 23
P90 29 27 26 26 24 23 22 21
P75 26 24 24 23 22 20 19 18
P50 23 21 21 20 19 18 17 16
P25 20 18 18 18 17 16 14 13
P10 17 15 15 15 14 13 12 10
P05 16 13 13 14 13 11 10 9
Mean + SD 23.0 + 4.6 213 £ 4.7 20.7 + 4.5 20.3 + 4.2 191 +£ 3.9 179 + 3.9 16.8 + 4.1 15.7 £ 45

>160 cm
P95 34 32 32 31 29 27 27 27
P90 32 30 30 29 27 26 25 25
P75 29 27 26 26 24 23 22 21
P50 25 24 23 23 22 21 19 18
P25 22 21 20 20 19 18 16 iI5
P10 19 17 17 17 16 15 13 12
P05 17 15 15 15 14 13 11 10
Mean 4+ SD 255 £+ 5.1 23.7 £ 5.2 23.2 £ 5.0 22.7 + 4.6 216 + 4.4 204 £ 44 192 +£ 4.7 182 £ 5.2

Age corresponds to exact year of age; values for intermediate ages should be estimated by interpolation between supplied values.

SD = standard deviation.

Comment on Specific Measures

This is the first study to provide population-based norma-
tive data for the TUG test performed at a normal pace.
Men performed the TUG test slightly faster than women,
and TUG times were faster in taller participants. Variation
in TUG time increased with age, with large differences
between the fastest and slowest participants at the oldest
ages. TUG times were slower than those reported in a
recent meta-analysis,!” although that analysis included
studies with differing inclusion criteria, varying test proto-
cols, and small convenience samples, making a direct com-
parison difficult. Another study'® reported faster TUG
times in a Spanish population, but these were calculated
for TUG performed at fast pace.

Grip strength was greater in men than women. Grip
strength declines from age 50 onward and declines faster

after the age of 65. In general, the TILDA population had
weaker grip strength than in several other studies,'*'°
including normative data provided in the Baseline dyna-
mometer manual,'” although because none of these studies
used population-representative samples, they may reflect
healthier, more-robust groups. Many of these studies used
the Jamar dynamometer, which has excellent interinstru-
ment reliability with the Baseline dynamometer'® used in
the current study.

Walking speed declined with increasing age and was
faster in men than women and in taller than smaller partici-
pants of both sexes. The decline was slightly curvilinear,
with the most pronounced decline after age 65. The walking
speed of the TILDA population was faster than or similar to
that of community-dwelling adults of a comparable age in
other studies using the GAITRite walkway.'”>' This may
be because of the long acceleration period available to par-
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Table 9. Heel Bone Stiffness Index Based on a Sample of 4,980 Individuals Aged 50 and Older Representative of
the Community-Dwelling Population of Ireland without Known Dementia, Parkinson’s Disease, or Severe Cognitive

Impairment
Age
Percentile 50 55 60 65 70 75 80 85
Male
P95 134 131 128 126 124 124 124 126
P90 126 124 121 119 117 117 117 118
P75 113 111 109 107 106 105 105 106
P50 100 99 97 95 94 93 92 92
P25 88 87 85 83 82 81 80 79
P10 77 77 75 73 71 70 68 66
P05 72 71 69 67 65 63 61 59
Mean = SD 1009 4+ 19.0 995 +185 977 +180 956 £ 17.7 940 +£179 93.0 & 184 925 £+ 193 923 + 20.4
Female
P95 129 118 111 108 105 102 97 92
P90 120 109 103 101 98 95 90 86
P75 106 97 92 90 87 84 80 76
P50 93 86 81 79 77 74 70 65
P25 82 76 72 70 68 65 61 56
P10 74 68 64 62 60 57 53 49
P05 69 64 60 58 56 53 49 44
Mean £+ SD 95.3 4 18.6 876 167 828 &£ 156 80.7 =152 784 £ 151 751 +£149 7114+ 148 665 + 146

Age corresponds to exact year of age; values for intermediate ages should be estimated by interpolation between supplied values.

SD = standard deviation.

ticipants before the timed walk, highlighting the importance
of standardization of every aspect of such a test.

BMI does not appear to decline with age in the com-
munity-living older population of Ireland. Previous studies
have shown varying patterns of BMI change with age in
older adults but have tended to show a similar distribution
of BMI in those aged 60 to 69 and 70 to 79, with lower
BMI in those aged 80 and older.?**?

In interpreting the cognitive test scores, it is worth
re-emphasizing that, although the sample excluded those
with known dementia or severe cognitive impairment, it is
likely that a significant proportion of the sample had dis-
ease that might have impaired their cognitive function,
particularly in the oldest age groups. This approach of
excluding individuals with dementia or severe cognitive
impairment while including those with possible mild
impairment is commonly taken when supplying normative
values for cognitive tests>**° because it is difficult to dis-
tinguish between age-related and mild pathological decline
in cognitive ability.

Mini-Mental State Examination scores declined with
age, and this decline was more pronounced at lower edu-
cation levels, as previously reported.> Normative data for
MMSE has been stratified according to sex in some previ-
ous studies, with differences between men and women in
the oldest age groups and at the lowest percentiles,”® but
no substantial effect of sex on MMSE score was found in
the current study, possibly because individuals in long-
term care institutions were excluded. The MMSE does not
discriminate cognitive function well in cognitively intact
individuals, as the overlapping MMSE percentiles demon-
strate, but can identify the lowest performing Sth and 10th
percentiles in most subgroups. MoCA scores in this study
declined with age, and similar to MMSE, this decline was

more pronounced with lower education levels. The median
values for MoCA reported here are 1 to 2 points higher
than those reported recently in 2,653 ethnically diverse
participants of the Dallas Heart Study.>* This, along with
the previous finding that the cutoff score of 26 originally
proposed for the MoCA lacks specificity in many popula-
tions,?” highlights the need for population-specific norms.
Educational attainment strongly affect MoCA and MMSE
scores. Using the recently suggested cutoff of 20 for indica-
tion of cognitive impairment on the MoCA,*® half of those
aged 85 with primary education or less would be catego-
rized as impaired, compared with only 10% of those aged
85 with third-level or higher education. Limited normative
data exist for the Color Trails Test. The trend of longer
completion time with age is demonstrated, and the greater
effect of education on the Trails 2 norms is similar to that
reported previously.®>7-31

Bone mineral density (BMD) declines with age, partic-
ularly in women. Although many normative studies of
BMD exist in middle-aged and older populations, the
majority use dual-energy X-ray absorptiometry,®**® which
is considered to be the criterion standard for osteoporosis
diagnosis. Heel bone ultrasound provides a complementary
measure of bone density that is also useful as a low-cost,
portable screening measure for osteoporosis, and this study
is one of the first to provide normative values for heel
bone ultrasound measurements derived from an unselected
sample from a middle-aged and older population.

CONCLUSION

This study reports a comprehensive range of up-to-date
normative values for many measures currently indicated
for use in CGA. The population used was representative of
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community-dwelling individuals aged 50 and older living
in the Republic of Ireland. Up-to-date population-specific
normative values are essential to enable clinicians to com-
pare the performance of their patients with that observed
in the general community-living older population, guiding
better diagnosis and management of older adults.
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