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ARTICLE INFO ABSTRACT

Background: Poor performance in physical tests such as grip strength and walking speed is a risk factor for
disability in old age, although whether such measures improve the discrimination of clinical prediction models
when traditional clinical risk factors are already known is not clear. The prevalence of disability in mid-life is
relatively low and hence screening in this age group may present an opportunity for early identification of those
at increased future risk who may benefit most from preventative interventions.

Methods: Data were drawn from two waves of the Medical Research Council National Survey of Health and
Development. We examined whether several chronic conditions, poor health behaviours and lower scores on
three measures of physical performance (grip strength, chair rise speed and standing balance time) at age 53
were associated with self-reported mobility and/or personal care disability at age 69. We used the area under the
curve statistic (AUC) to assess model discrimination.

Results: At age 69, 44% (826/1855) of participants reported mobility and/or personal care disability.

Our final clinical prediction model included sex, knee osteoarthritis, taking 2+ medications, smoking, in-
creased BMI and poor performance in all three physical tests, with an AUC of 0.740 compared with 0.708 for a
model which did not include the performance measures.

Conclusion: Measures of physical performance in midlife improve discrimination in clinical prediction models
for disability over 16 years. Importantly, these and similar measures are also potential targets of future diet,
exercise and pharmacological intervention in mid-life.
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1. Introduction time disability may already be manifest (Nueesch et al., 2015; Covinsky

et al., 2006; Clark et al., 2012; den Ouden et al., 2013).

Disability becomes increasingly common in old age with 45% of
adults aged 65 and above in the UK reporting disability, most com-
monly related to mobility (Department of Work and Pensions, 2015).
Mobility disability has been shown to progress hierarchically with
problems with functional tasks such as walking and climbing stairs
often preceding difficulty with activities of daily living (ADLs) such as
personal care (Dunlop et al., 1997; Kingston et al., 2012; Wloch et al.,
2016); the cost of paid help for older people with ADL disability in the
United States has been estimated at $23.7 billion (LaPlante et al.,
2002). Clinical prediction models have been developed for identifying
individuals at risk of disability, although these have typically been
based on assessments during the seventh decade or above, by which

Lower physical performance assessed using simple measures such as
grip strength and walking speed has been associated with incident or
progressive disability in 22 studies and summarised in a systematic
review (den Ouden et al., 2011). These studies again typically used
baseline assessments at older ages, with an exception that weaker grip
strength in men at mean age 54 has been associated with increased risk
of disability 25years later (Rantanen et al., 1999).There is limited
evidence, however, on whether these associations translate into im-
provements in the clinical prediction of individuals' future risk of dis-
ability. A previous study at mean age 75 years found that walking speed
increased the area under the curve statistic (AUC) for incident disability
over 3years when added to history of one or more common diseases,
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BMI, systolic blood pressure and hospitalisation in the previous year
(Perera et al., 2016).

Mid-life is increasingly recognised as an important time to make
assessments of overall health, for example to address risk factors for
future cardiovascular disease as carried out in primary care in the UK
between ages 40-74 (Robson et al., 2016). In addition, findings from a
life course investigation of grip strength suggest that mid-life is the
period of adulthood when individuals reach a broadly stable peak level
of physical performance prior to decline with age (Nahhas et al., 2010;
Dodds et al., 2014). Physical performance measures are a key compo-
nent of the conditions of sarcopenia and frailty and interest in the use of
such measures in the clinical setting is growing (Dodds and Sayer,
2015). Mid-life, when age-related disability is less common, might
provide a key opportunity for the assessment of future disability risk
including the use of physical performance measures. However, as de-
scribed existing clinical prediction models have been developed in older
samples and include risk factors such as a history of hip fracture
(Nueesch et al., 2015) which are less prevalent in mid-life.

Using data from a British birth cohort study, the Medical Research
Council National Survey of Health and Development (NSHD) (Kuh
etal., 2011, 2016), our aims were to test whether poorer scores on three
measures of physical performance at age 53 were associated with
higher risk of mobility or personal care disability 16 years later in-
dependently of variables already routinely collected in primary care,
and if so whether these measures improved the discrimination of a
clinical prediction model for disability.

2. Methods
2.1. Participants

We used data from the NSHD, a socially stratified sample of 5362
singleton births in one week of March 1946 in mainland Britain that
have been followed up 24 times across life including in 1999 (at age 53)
when physical performance measures were first assessed, and most
recently in 2015 (at age 69) (Kuh et al., 2011, 2016). At age 69, study
members still alive and with a known current address in mainland
Britain (n = 2698) were invited to have a home visit; 2149 (79.7%)
completed a visit, 55 (2.0%) completed a postal questionnaire instead
and 494 (18.3%) did not participate (Kuh et al., 2016). Of the original
cohort, 1026 (19.1%) had died, 578 (10.8%) were living abroad, 22
(0.4%) asked for their participation to be restricted to postal contacts,
621 (11.6%) had previously withdrawn from the study, and 417 (7.8%)
had been lost to follow-up.

Ethical approval for this most recent follow-up was obtained from
the NRES Queen Square Research Ethics Committee (14/L0/1073) and
the Scotland A REC (14/SS/1009). Written, informed consent was ob-
tained from study members for each component of the data collection.

2.2. Outcomes

The disability questions used within the NSHD are based on the
Office of Population Censuses and Surveys (OPCS) of Disability in Great
Britain (Wloch et al., 2016; Martin et al., 1988; Kuh et al., 1994). For
the current study, we used the presence of any criteria from two do-
mains of the survey at age 69: mobility (referred to as locomotion in the
survey) and personal care, assessed using responses to questions asked
during the home visit (or in the postal questionnaire for those partici-
pants who were unable to undergo a visit (n = 55)). Participants were
classified as having a disability if they met the OPCS criteria for mo-
bility and/or personal care disability, as described in Appendix A.

2.3. Candidate predictors for disability at 69

We were not aware of an existing clinical prediction model for
disability with baseline age 53 (or similar) that we could validate in the
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present study. We therefore chose variables from the two major cate-
gories used in existing models at older ages which were also likely to be
routinely collected in primary care (Nueesch et al., 2015; Covinsky
et al., 2006; Clark et al., 2012; den Ouden et al., 2013): chronic con-
ditions and behavioural risk factors. We did not include existing dis-
ability at age 53 as a candidate predictor (or exclude the small pro-
portion of individuals with existing disability from our main analyses)
as we considered it unlikely to be routinely assessed in primary care.

Chronic conditions comprised reported doctor diagnosed hy-
pertension, cardiovascular disease, cancer and diabetes, knee osteoar-
thritis (defined using American College of Rheumatology criteria and
based on reported symptoms of pain and stiffness and a clinical as-
sessment (Wills et al., 2012)), and severe respiratory symptoms (based
on the MRC's standardised questions (Medical Research Council, 1976)
and classified as report of one or more of the following: a wheezy or
whistling chest most days or nights; usually bringing up phlegm or
coughing in the morning or during the day or night in winter for at least
three months each year; or more than one chest illness in the past three
years that kept them off work or indoors for a week or more). We also
included regularly taking two or more prescribed medications, assessed
by self-report.

For behavioural risk factors, we classified smoking status as never,
ex-smoker or current. Body mass index (BMI) was calculated from
height and weight measured using standard protocols, and was grouped
into below 25, 25-30 and above 30 kg/m?.

We used three candidate measures of physical performance: grip
strength, measured in the seated position using an electronic dynam-
ometer with two trials in both arms and the maximum value used in
analyses. Chair rise time was the time taken in seconds to go from a
seated position to standing with straight legs and back and then sit
down again, 10 times as fast as possible. We converted chair rise times
to speed (10 divided by the time taken), such that higher scores indicate
better performance. Standing balance was the time in seconds (up to a
maximum of 30) that a participant could stand on one leg with their
eyes closed. We expressed performance in each measure as sex-specific
fifths (for the cut-points used see Table A-1) and included a sixth ca-
tegory for those unable to complete the test for health reasons.

2.4. Statistical analyses

Of the 2204 study members assessed at age 69, 2178 (98.8%) had
data on mobility and personal care disability and of these 2053 (94.3%)
had been assessed at age 53. Of these, 1885 (91.8%) had data available
for all the candidate predictors. A further 249 participants had com-
plete data at 53 but were known to have died before age 69.

We developed each predictive model for disability in three stages,
with a level of significance of P < 0.05 required for a predictor to be
retained in the next stage. Firstly, we assessed univariable associations
between each candidate predictor and disability, removing predictors
which did not reach statistical significance. Secondly, we ran separate
multivariable logistic regression models for each group (chronic con-
ditions, behavioural risk factors and physical performance) of the re-
maining candidate predictors. We used a backwards elimination pro-
cess, performing likelihood ratio tests to check whether each predictor
within each group remained associated, again removing those which
did not reach statistical significance. Finally, we combined the re-
maining predictors from the chronic conditions group with those from
the behavioural risk factor or physical performance groups, as well as
running a model with remaining predictors from all three groups
combined. We again used a backwards elimination process to select a
final set of predictors for each combination of groups. We included
gender in all multivariable models.

We used changes in the AUC to assess if the addition of extra pre-
dictors led to an improvement in model discrimination. We undertook
internal validation to assess whether the AUC in our final model was
inflated by optimism in model development. To do this we reran our
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model fitting procedure in 200 bootstrap samples. We then calculated
AUC values for the prediction of disability in the original sample using
each of the 200 models developed in the bootstrap samples (Moons
et al., 2012).

We also calculated the number of individuals correctly reclassified,
termed the net reclassification index (NRI) (Steyerberg et al., 2010),
following the addition of physical performance measures in our final
model and using a predicted risk cut-point of 40%.

We considered a priori that the physical performance measures
might have the greatest benefit for assessing risk of disability among
those without existing health problems. We therefore divided the
sample into two groups: those with and without clinically manifest
illness at 53, defined as having any of the chronic conditions described
in the previous section, and/or taking two or more medications. We
then repeated our analyses separately in both groups.

In sensitivity analyses, we reran all models excluding those with
prevalent mobility disability at age 53 and a small number (n = 25)
known to have personal care disability, using OPCS criteria (Kuh et al.,
1994). We also repeated our analyses using a combined outcome of
disability at age 69 or death prior to follow-up, as we considered it
likely that many of those who had died would have developed disability
prior to death (Murphy et al., 2011). We performed all analyses using
Stata version 14.0 (StataCorp, 2015).

3. Results
3.1. Characteristics of the sample

The main sample for the present study comprised 1885 participants
(52.2% female) with disability outcome data as shown in Table 1. At
age 53, 145 (7.7%) participants had existing disability and 877 (46.5%)
had clinically manifest illness. A small number of participants (n = 75,
4%) were unable to complete one of the physical performance tests due
to health reasons and a further 22 participants were unable to com-
plete = two tests.

3.2. Prevalence of disability and associations with candidate predictors

At age 69, 825 (43.8%) participants reported mobility and/or per-
sonal care disability, the latter being less common (8.0%) and typically
occurring with mobility disability (Fig. 1). Female participants, those
with chronic conditions (except cancer and diabetes), two or more
medications, behavioural risk factors, poor physical performance and
existing disability at age 53 were more likely to be disabled at age 69 as
shown in Table 1. These risk factors were correlated: for example, those
with clinically manifest illness at 53 were more likely to be female, have
behavioural risk factors, poor physical performance and existing dis-
ability than those without (see Table B-1).

3.3. Predictive models for disability

In the main analyses for disability using the whole sample, the
univariable analyses led to the removal of cancer and diabetes from the
chronic conditions group, followed by the removal of hypertension in
the multivariable model. Each of the three groups of remaining candi-
date predictors had similar discrimination, with AUC in the range
0.670-0.697 as shown in the first three rows of column A in Table 2.

There were modest increases in discrimination by combining dif-
ferent groups of candidate predictors, with the highest discrimination
(AUC 0.740) seen in the model combining all three. In this model
(shown in Table 3) eight variables remained following the selection
process: sex, knee osteoarthritis, taking two or more medications,
smoking, BMI and all three physical performance measures. The AUC
statistics from the models developed in the 200 bootstrap samples were
similar to the main findings: median 0.733 (range 0.722-0.738), sug-
gesting low over-optimism in our model development.

120

Experimental Gerontology 110 (2018) 118-124

The addition of all three physical performance measures to the
routine variables was associated with an NRI of 4.1% as shown in Table
B-2. We also reran our final model using each physical performance
measure separately and found that the improvement in discrimination
was less marked; the AUC values ranged between 0.718 for grip
strength and 0.727 for chair rise speed.

The predictive models among the groups with and without clinically
manifest illness are shown in columns B and C of Table 2, respectively.
The overall pattern of results was similar to that seen in the whole
sample. The physical performance measures remaining in the combined
models varied: chair rise time remained in both groups; whereas grip
strength remained in the group with clinically manifest illness and
standing balance remained in the group without.

3.4. Sensitivity analyses

In the sample excluding those with prevalent disability at age 53
(n = 1740) there was no change in either the pattern of the AUC values
or the variables in the prediction model combining all three groups of
candidate predictors. When death was included alongside disability
(n = 2134) the same pattern of results as for disability alone was found
except diabetes was associated with an increased risk of disability or
death during follow-up. There was also no change in the pattern of the
AUC values although two additional variables, respiratory symptoms
and cardiovascular disease, remained significantly associated in the
final model.

4. Discussion
4.1. Summary of findings

We investigated the clinical prediction of disability across 16 years
from mid-life into early old age using data from a British birth cohort
study. We found a model using information which is routinely collected
in a primary care setting, specifically knee osteoarthritis, taking two or
more prescribed medications, smoking status and BMI had reasonable
discrimination for disability risk. This was further improved by the
addition of three physical performance measures: grip strength, chair
rise speed and standing balance.

4.2. Comparison with existing studies

The prevalence of mobility disability in our sample (43%) at age 69
was similar to that in two other British samples of similar mean age
(Nueesch et al., 2015). As far as we are aware our study is the first
clinical prediction model for disability in early old age to have used a
baseline assessment in mid-life. The presence of chronic conditions (or
taking prescribed medications as a proxy) was a risk factor for disability
and such conditions have previously formed part of clinical prediction
models from other studies (Nueesch et al., 2015; Covinsky et al., 2006;
Clark et al., 2012; den Ouden et al., 2013; Perera et al., 2016). Fewer
studies have included behavioural risk factors such as those that we
used: BMI (Covinsky et al., 2006; Perera et al., 2016) and smoking
history (Nueesch et al., 2015).

The three measures of physical performance, grip strength, chair
rise speed and standing balance time, all remained as statistically sig-
nificant predictors and were associated with improvements in the AUC.
As far as we are aware this is the first time that these three measures
have been tested in this way. den Ouden et al. (2013) found that a
combination of grip and leg extensor strength measurement remained
in a clinical prediction model for ADL disability over 10 years' follow-up
in a sample of mean age 61 years, although they did not report the
associated change in model discrimination. Perera et al. (2016) showed
that walking speed improved the AUC of a clinical prediction model for
both bathing/dressing dependence and mobility difficulty, over 3 years'
follow-up at mean ages 72 and above.
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Table 1
Candidate predictors and existing disability at age 53 by outcome status at age 69.
No disability Disability Death P-values”
(n = 1060) (n = 825) (n = 249)
n (%) n (%) n (%) Disability Disability or death
Female sex 461 (43.5) 523 (63.4) 105 (42.2) < 0.001 < 0.001
Disability present at 53 17 (1.6) 128 (15.5) 59 (23.7) < 0.001 < 0.001
Hypertension 148 (14.0) 168 (20.4) 61 (24.5) < 0.001 < 0.001
Cardiovascular disease 24 (2.3) 50 (6.1) 34 (13.7) < 0.001 < 0.001
Knee osteoarthritis 51 (4.8) 125 (15.2) 28 (11.2) < 0.001 < 0.001
Respiratory symptoms 132 (12.5) 166 (20.1) 73 (29.3) < 0.001 < 0.001
History of cancer 24 (2.3) 25 (3.0) 9 (3.6) 0.3 0.2
Diabetes 14 (1.3) 17 (2.1) 21 (8.4) 0.2 0.001
=2 medications 175 (16.5) 282 (34.2) 106 (42.6) < 0.001 < 0.001
Clinically manifest illness” 402 (37.9) 475 (57.6) 172 (69.1) < 0.001 < 0.001
Smoking < 0.001 < 0.001
Never smoker 337 (31.8) 247 (29.9) 48 (19.3)
Ex-smoker 559 (52.7) 383 (46.4) 104 (41.8)
Current smoker 164 (15.5) 195 (23.6) 97 (39.0)
BMI (kg/m?) < 0.001 < 0.001
<25 410 (38.7) 228 (27.6) 78 (31.3)
25-30 499 (47.1) 338 (41.0) 96 (38.6)
> 30 151 (14.2) 259 (31.49) 75 (30.1)
Grip strength fifths® < 0.001 < 0.001
Q1 - top 265 (25.0) 145 (17.6) 34 (13.7)
Q2 232 (21.9) 148 (17.9) 44 17.7)
Q3 213 (20.1) 172 (20.8) 43 (17.3)
Q4 194 (18.3) 164 (19.9) 46 (18.5)
Q5 — bottom 149 (14.1) 175 (21.2) 73 (29.3)
Unable 7 0.7) 21 (2.5) 9 (3.6)
Chair rise speed fifths® < 0.001 < 0.001
Q1 - top 275 (25.9) 130 (15.8) 32 (12.9)
Q2 264 (24.9) 141 (17.1) 42 (16.9)
Q3 193 (18.2) 145 (17.6) 39 (15.7)
Q4 184 (17.4) 182 (22.1) 42 (16.9)
Q5 - bottom 132 (12.5) 185 (22.4) 64 (25.7)
Unable 12 (1.1) 42 (5.1) 30 (12.0)
Standing balance fifths® < 0.001 < 0.001
Q1 - top 293 (27.6) 135 (16.4) 31 (12.4)
Q2 268 (25.3) 203 (24.6) 53 (21.3)
Q3 212 (20.0) 140 (17.0) 39 (15.7)
Q4 207 (19.5) 243 (29.5) 47 (18.9)
Q5 - bottom 67 (6.3) 77 9.3) 51 (20.5)
Unable 13 (1.2) 27 (3.3) 28 (11.2)

& Comparing those with no disability to those with outcome(s) shown.

" Defined as having one or more of the chronic conditions shown, and/or taking two or more medications. BMI, body mass index.
¢ For the cut-points for each fifth, please see Table A-1. Note the unable category refers to those unable to complete the test for health reasons.

4.3. Interpretation of findings

We showed an increase in the AUC following the addition of phy-
sical performance measures. The AUC is a measure of overall model
discrimination although it does not relate to a specific risk cut-point.
This can be important in a clinical situation, where it may be desirable
to classify an individual as at risk of disability or not (Cook, 2007). We
therefore calculated the NRI using a risk cut-point of 40% and found
that the addition of physical performance measures led to only around 4
per 100 individuals being correctly reclassified.

We considered possible explanations for the small increase in model
discrimination. Poor physical performance is related to the presence of
other risk factors used in the model such as chronic conditions (Welmer
et al., 2012) (Table A-1); indeed the majority of disability occurred in
those with clinically manifest illness at baseline (Table 1). It is also
recognised that although higher levels of physical performance might
act as a reserve which helps to prevent future disability that develops
over several years, they have a weaker relationship with the develop-
ment of disability of more rapid onset such as that following stroke
(Onder et al., 2005).

We found that all three measures of physical performance had in-
dependent associations with disability, similar to the recent findings for

the associations of walking speed and standing balance with subsequent
disability (Heiland et al., 2016). The different measures reflect the
function of different physiological systems, as previously suggested by
the finding in NSHD of independent associations with all-cause mor-
tality rates (Cooper et al., 2014). We also showed that chair rise speed
and standing balance time were associated with subsequent disability
among those without clinically manifest illness. This suggests that these
tests are either markers of pre-clinical disease or that poor function
(combined with age-related functional decline) directly leads to dis-
ability.

Finally, we did not include existing disability as one of our candi-
date predictors. We thought it was unlikely that disability would be
routinely assessed in primary care in mid-life, when there is more of a
focus on chronic diseases and behavioural risk factors (Robson et al.,
2016). Those in the sample with disability at 53 were at increased risk
of subsequent disability, although the exclusion of this small group did
not change our findings. Existing disability at age 53 also does not
appear to be a particularly useful tool for detecting subsequent pro-
blems: the prevalence of disability at age 53 was low at 8%, with most
cases of disability (84.5%) at age 69 therefore occurring in those
without disability at the earlier time-point.
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Fig. 1. Number of participants at follow-up with mobility and personal care disability.
N = 1885. Overall 817 participants (43%) had mobility disability and 151 participants (8%) had personal care disability at age 69. The combined outcome of
mobility and/or personal care disability was more common in women than men, with 53% and 34% classified as disabled, respectively.

4.4. Methodological considerations

We used data from a birth cohort study which is still representative
of the national-born population of the same age (Wadsworth et al.,
2006; Stafford et al., 2013) and where considerable efforts have been
undertaken to maintain participation at subsequent waves of data col-
lection (Kuh et al., 2016). Nevertheless, potential limitations of this
longitudinal study include loss to follow-up and missing data. Of the
2988 participants assessed at age 53, 613 were not seen at age 69 (or
were not known to have died during follow-up). Of those seen at both
time-points (or seen at 53 and known to have died during follow-up),
241 had missing data for one or more candidate predictor at age 53
and/or disability status at age 69, and were not included in analyses. In
general, being lost to follow-up and having incomplete data were as-
sociated with the presence of chronic conditions, smoking, greater BMI
and poorer physical performance. Our findings may have therefore
underestimated the strength of the associations between the candidate
predictors and subsequent disability.

A strength of the current study is that the baseline data were

Table 2

collected at age 53 (with follow-up 16 years later), whereas previous
work has typically involved baseline assessment in the seventh
(Nueesch et al., 2015; den Ouden et al., 2013) and eighth (Covinsky
et al., 2006; Clark et al., 2012; Perera et al., 2016; Heiland et al., 2016)
decades of life (with correspondingly shorter follow-up times).

We used several stages of multivariable logistic regression to pro-
duce clinical prediction models for disability. The model using routi-
nely-collected variables (chronic conditions and behavioural risk fac-
tors) showed reasonable discrimination and this was further improved
by the addition of physical performance measures. We carried out in-
ternal validation using bootstrapping, and this showed little evidence of
over-optimism in our model development. It remains likely, however
that our model would have lower discrimination if applied to other
samples. It would be important to validate our findings in an external
cohort before implementing the model in clinical practice.

The variables related to chronic conditions (knee osteoarthritis and
number of medications) and behavioural risk (smoking and BMI) could
be extracted from a patient's medical record or alternatively would be
quick to ascertain. There are other routine variables that we could have

Model discrimination for disability using three groups of candidate predictors, by presence of clinically manifest illness.

Group(s) A Whole sample (n = 1885) B With clinically manifest illness (n = 877) C Without clinically manifest illness (n = 1008)
AUC Variables AUC Variables AUC Variables
1 Chronic conditions 0.670 OA, Resp, CVD, Meds 0.652 OA, CVD, Meds n/a -
2 Behavioural risk factors 0.676 Smoke, BMI 0.644 BMI 0.670 Smoke, BMI
3 Physical performance 0.697 GS, CR, SB 0.693 GS, CR 0.682 CR, SB
1&2 0.708 Minus Resp 0.677 Minus CVD n/a -
1&3 0.720 Minus CVD 0.711 Minus CVD n/a -
Combined
1,2&3 0.740 OA, Meds 0.733 OA, Meds 0.708 -
Smoke, BMI BMI Smoke, BMI
GS, CR, SB GS, CR CR, SB
P-value < 0.001 < 0.001 0.001

Sex was included in all models. Clinically manifest illness was defined as having one or more of the chronic conditions or taking two or more prescribed medications
at age 53. AUC, area under the curve statistic. OA, knee osteoarthritis. Resp, severe respiratory symptoms. CVD, cardiovascular disease. Meds, taking two or more
prescribed medications. Smoke, smoking status. BMI, body mass index. GS, grip strength. CR, chair rise time. SB, standing balance time.

* The P-value tests the difference between the AUC statistic for the final model (groups 1, 2 and 3 combined) to that for chronic conditions and behavioural risk
factors (groups 1 and 2 combined). In the case of C, those in the sample without clinically manifest illness, the P-value compares the AUC value of behavioural risk
factors and physical performance (groups 2 and 3 combined) to that from behavioural risk factors alone.
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Table 3
Multivariable associations in final clinical prediction model.

Association with disability

Variable OR (95% CI) P-value
Female sex 2.25 (1.81, 2.79) < 0.001
Knee osteoarthritis 2.32 (1.60, 3.39) < 0.001
>2 medications 1.81 (1.42, 2.30) < 0.001
Smoking < 0.001
Never smoker 1 (Ref)
Ex-smoker 0.97 (0.77, 1.22)
Current smoker 1.69 (1.26, 2.26)
BMI category < 0.001
<25 1 (Ref)
25-30 1.32 (1.05, 1.67)
> 30 2.8 (2.10, 3.73)
Grip strength fifths® 0.001
Q1 - top 1 (Ref)
Q2 1.19 (0.87, 1.63)
Q3 1.55 (1.14, 2.12)
Q4 1.53 (1.12, 2.11)
Q5 - bottom 1.84 (1.33, 2.56)
Unable 3.44 (1.30, 9.13)
Chair rise fifths® < 0.001
Q1 - top 1 (Ref)
Q2 1.05 (0.77, 1.44)
Q3 1.45 (1.05, 2.01)
Q4 1.79 (1.30, 2.45)
Q5 - bottom 2.2 (1.57, 3.07)
Unable 3.22 (1.47, 7.02)
Standing balance fifths® 0.002
Q1 - top 1 (Ref)
Q2 1.55 (1.15, 2.09)
Q3 1.28 (0.93,1.78)
Q4 1.74 (1.28, 2.35)
Q5 - bottom 1.92 (1.25, 2.97)
Unable 2.14 (0.95, 4.82)

N = 1885. This table provides the coefficients for the combined clinical pre-
diction model (shown at the bottom of column A of Table 2). BMI, body mass
index.

2 For the cut-points for each fifth, please see Table A-1. Note the unable
category refers to those unable to complete the test for health reasons.

included. For example, we did not include a history of depression which
has previously been associated with subsequent disability in this age
group (Penninx et al., 1999; Hajek and Konig, 2016). We did include
taking two or more medications and it is likely that, to an extent, this
variable will have captured conditions not included in our model. There
are also other behavioural risk factors that we could have included such
as diet, although these are unlikely to be routinely collected in a pri-
mary care setting. We also use categorisation of several variables al-
though we would not expect the prediction model to be significantly
different if we were to use continuous predictors instead. The physical
performance measures are not currently in widespread use in clinical
practice, although interest in such measures and their implementation
is growing (Ibrahim et al., 2016; Studenski, 2017). This includes as part
of initiatives to identify and treat the related conditions of sarcopenia
(Cruz-Jentoft et al., 2014; Band et al., 2018) and frailty (British
Geriatrics Society and Royal College of General Practitioners, 2015; Lee
et al., 2015).

4.5. Conclusions

The prevention of disability in old age is a major priority and hence
tools to identify those at risk are required. We have shown that mea-
sures of physical performance in midlife improve discrimination in
clinical prediction models for disability over 16 years, although the
resulting proportion of individuals correctly reclassified was low.
Future work could validate our findings in different samples, replicate
in other age groups and investigate whether repeat measures over time
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improve discrimination. Physical performance measures are also po-
tential targets of future diet, exercise and pharmacological intervention
in mid-life.
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