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Abstract

Objective: To explore trajectories of terminal decline and terminal
drop in a large nationally representative sample of older adults
aged 60 and over living in England. We further explore whether
trajectories in terminal decline differed according to the cause of
death.

Methods: Data are from participants aged 60 and over of the
English Longitudinal Study of Ageing (ELSA) from 2002 to 2018.
Repeated measures of walking speed were used, which was as-
sessed objectively over a distance of 8ft (2.4m). Mortality by cause
was ascertained up to 2018. Mixed effects models were used to
estimate growth curve models of walking speed by cause of death,
adjusted for confounders.

Results: Compared to survivors, respondents who died of can-
cer (b=-0.034m/s; 95% CI: -0.05; -0.01), cardiovascular diseases
(b=-0.082m/s; 95% CI: -0.13; -0.06), and respiratory diseases (b=-
0.137m/s; 95% CI: -0.24; -0.10) reported significant lower walking
speed. Also, declines in walking speed accelerate closer to death
particularly for those who died of cardiovascular (b=-0.003m/s)
and respiratory diseases (b=-0.005m/s).

Conclusion: We observed both terminal decline and terminal
drop in walking speed in the years preceding death. Participants
aged 70 who died of cardiovascular and respiratory conditions had
steeper decline of walking speed than those who stayed alive.
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Introduction

Waking speed is a simple and accessible performance based mea-
sure that has been recommended as an indicator of the vitality of an
individual [1]. Walking speed is often used in clinical and research
settings [2]. It has been shown that slow walking speed is an early
marker of disability, frailty and mortality [3-8], most likely because it
integrates clinical and subclinical disturbances in several organs and
systems, many of which are thought to affect both dependence and
survival [4,9-11]. Although slow walking speed has consistently been
found to be associated with all- cause mortality, little attentions has
been paid to cause-specific mortality. Some evidence is emerging on
the association between slow walking speed and increased risk of car-
diovascular mortality [11]. Several explanations of this link have been
formulated, such as chronic exposure to vascular risk factors which
in turn is associated with both slower walking speed and cardiovascu-
lar mortality. It is also possible that heart failure or peripheral artery
diseases are linked to slower walking speed [11]. Other possible ex-
planations of the link between slow walking speed and cardiovascular
mortality include risk factors for CVD, such as higher inflammatory
and oxidative stress levels, and it has been observed that people with
endocrine abnormalities often have slow gait speed [12,13]. Never-
theless, little is known about whether a link between walking speed
and mortality exists when also other causes of death are considered,
such as respiratory and cancer mortality.

Moreover, the few studies which have investigated the relation-
ship between repeated measures of walking speed and all-cause mor-
tality among older adults [10,14-17] have paid little attention to ter-
minal decline and terminal drop in walking speed. Generally, terminal
decline refers to a gradual decline in individuals’ functional capacities
[18] in the years preceding death, whereas a terminal drop refers to
an abrupt decline closer to death. To date no studies have investigated
whether these trajectories of terminal decline and drop differ by mor-
tality cause. Accordingly, the aim of this study is to explore over 18
years the trajectories of terminal decline and terminal drop in a large
nationally representative sample of older adults aged 60 and over liv-
ing in England. We further explore whether trajectories in terminal
decline differed according to the cause of death.

Materials and Methods
Study design and participants

The English Longitudinal Study of Ageing (ELSA) is an ongo-
ing cohort study of individuals aged 50 and older who live in private
households in England. The first wave of data collection took place
in 2002/03, with subsequent data collected biennially with a total of
9 waves collected up to 2018/19. Data collection includes a face-to-
face interview at each wave and trained-nurse visits in the partici-
pants’ homes at alternative waves, to collect anthropometry measures.
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The full details of the study are described elsewhere [19,20]. The an-
alytical sample for this study includes individuals aged 60 and over at
the time of their first interview, as only individuals aged 60 and older
were eligible for a walking speed test, our main variable of interest
(n=8,642). We then restricted our sample to those who had at least two
valid walking speed measurements (n=6,157). To account for height
and weight, we further restricted inclusion to those respondents who
had at least 1 valid anthropometric measurement (n=5,619). Ethical
approval and experimental protocols were granted by the Multi-cen-
tre Research and Ethics Committee (MREC). Respondents in ELSA
gave their informed consent to participate in the study and for data
linkage.

Mortality outcome

Study participants were linked to the National Health Service’s
Central Registry which provides vital status data. For each deceased
participant, the month and year of death are recorded up to the end
of follow-up (April 2018). Also, data regarding causes of death are
provided for broad classifications of disease according to the Interna-
tional Classification of Diseases. These classifications include cancer
(codes C00-C97), Cardiovascular Disease (CVD, codes 100-199), dis-
eases of the respiratory system (codes J00-J99), and “other [remain-
ing] causes.”

Walking speed

Respondents aged 60 and older were eligible for a walking speed
test, which involved timing how long it took to walk a distance of 8
ft (2.4 m) and back to the start. Walking aids were permitted for the
walking speed test and were used by approximately 4% of the respon-
dents who successfully completed the task. We used mean walking
speed based on the two timings (range = 0.09 — 2.2 m/s).

Covariates

We considered the following time-invariant variables: age (contin-
uous variable, centred at the mean age of the sample); sex (0 =male; 1
= female); ethnicity (0 = white; 1 =non-White); education (0= college
and above; 1= less than college). All other covariates were time-vary-
ing and included cohabitation status (currently living with a partner
or not) and total wealth in quintiles (with the top quintile indicating
the richest group). We also controlled for a wide range of major risk
factors: smoking status (0 = never and ex-smoker; 1 = current smok-
er); physical activity (0 = physically active; 1 = hardly ever engage
in any physical activity); limitations with Instrumental Activity of
Daily Living (IADL, none versus at least one); memory score index
(immediate and delayed recall of 10 items, ranging from 0 to 20).
Chronic diseases and health conditions were determined at each wave
by asking respondents whether a doctor ever told them that they had
one of the following conditions: Coronary Heart Disease (CHD), dia-
betes, chronic respiratory illness (bronchitis, emphysema, pulmonary
disease, or asthma), stroke, cancer, arthritis and osteoporosis. Symp-
toms of depression were measured using the eight-item version of the
Centre for Epidemiologic Studies Depression Scale (with respondents
classified as depressed if they reported four or more symptoms). Fi-
nally, Body Mass Index (BMI) was calculated using nurse-measured
height and weight and we additionally controlled independently for
the respondent’s height.

Statistical analysis

Given repeated measures of health outcomes within individuals,
mixed effects models were used to estimate growth curve models of
walking speed by cause of death using a maximum likelihood algo-
rithm. Respondents were censored at their date of death or at their
latest available follow-up, whichever came first. Given our interest in
the terminal decline as well as terminal drop, we considered both time
(in years) as well as a quadratic function of time. Moreover, in order
to understand whether respondents experience differential changes in
their walking speed based on their cause of death, we allowed for
random slopes. Minimally and fully adjusted models were estimated.
The former adjusted for age, time, time squared, gender and cause
of death. The latter model further controlled for the socio-econom-
ic, life-style related risk factors and chronic health conditions above
mentioned. As a robustness check, analyses were then re-run sepa-
rately for those aged 60-69 and 70 and older at baseline to examine
whether, the trajectories were dependant on age groups, given that a
smaller percentage of those aged 60-69 died by the end of the period
considered in this study. All analyses were performed in Stata 15.

Results
Baseline sample characteristics

Baseline characteristics of both deceased and surviving individu-
als are shown in table 1. Overall, surviving individuals had a higher
walking speed that those who died, and tended to be younger, wealth-
ier, better educated, and generally to be in good health. Among those
who died, respondents who deceased from cardiovascular diseases
and diseases of the respiratory system were older and walked slower
than those who died of cancer.

Multilevel models of walking speed by mortality status

Table 2 shows the main effects for the relationship between mor-
tality status and walking speed at baseline. The coefficients for the
interaction between mortality status and time provide the effect of
mortality on the rate of change in walking speed. In the minimally
adjusted model, the mean intercept at 60 years was 0.806m/s. All re-
spondents who died had significantly lower walking speed than those
still alive at the end of period considered. In particular, respondents
who died of diseases of the respiratory system reported the lowest
baseline walking speed (b=-0.260m/s, p<0.001) compared to those
who died of CVD and cancer. Both the linear (b=-0.018) and quadrat-
ic (b=-0.001) time terms were negatively and statistically significant,
indicating accelerating walking speed declines in proximity to death.
Finally, in the minimally adjusted model, those who died of respira-
tory-related diseases reported the fastest walking speed decline (b=-
0.010, p value<0.001).

After full adjustment (full model available as Supplementary table
1), both the intercept and the rate of decline in walking speed were
attenuated. However, we observed that those who died during the fol-
low-up period had a slower walking speed at baseline compared to
surviving individuals, even after controlling for socio-economic sta-
tus, health behaviours and health conditions. In particular, those who
died of cancer, CVD, and respiratory diseases reported lower walking
speed of 0.034m/s (95% CI: -0.05; -0.01), 0.082m/s (95% CI: -0.13;
-0.06) and 0.137m/s (95% CI: -0.24; -0.10) compared to survivors.
The linear and quadratic time terms remained statistically significant,
indicating accelerating change in walking speed closer to death, so
called terminal drop.
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Mortality Status by April 2018

Alive Dead Cancer CVD Respiratory disease Other P value
Number of Respondents 3,475 2,144 682 681 307 474
Time to death (years): mean (s.d.) 9.39 (3.69) 8.99 (3.67) 9.08 (3.72) 9.68 (3.59) 10.3 (3.60) <0.001
Walking speed (m/sec): mean (s.d.) 0.94 (0.27) 0.79 (0.26) 0.85 (0.24) 0.75 (0.27) 0.75 (0.24) 0.76 (0.28) <0.001
Age (years): mean (s.d.) 66.2 (4.47) 72.7 (7.06) 70.5 (6.18) 74.0 (7.16) 73.2 (7.42) 74.1 (7.06) <0.001
Women, % 57.2 482 44.7 48.3 453 54.6 <0.001
Demographic and Socio-Economic characteristics
Non-White Ethnicity, % 2.3 1.3 0.9 1.9 1.6 0.8 0.035
Partnered, % 71.8 59.0 67.0 55.4 52.7 57.0 <0.001
No educational qualification, % 38.6 522 45.4 53.5 56.2 57.2 <0.001
In lowest wealth quintile, % 17.2 254 21.1 26.1 359 24.0 <0.001
Health characteristics and health behaviours
BMI (Kg/m2): mean (s.d.) 28.1 (4.71) 27.6 (4.82) 27.8 (4.43) 28.0 (5.00) 26.6 (5.00) 27.4 (4.90) <0.001
Height (cm): mean (s.d) 165.3 (9.25) 164.2 (9.89) 166.1 (9.65) 163.5 (9.70) 163.5 (10.1) 163.0 (10.0) <0.001
Current smoker, % 11.4 18.5 19.2 16.6 30.3 12.3 <0.001
Any difficulty in IADL, % 12.6 232 16.9 24.8 283 26.8 <0.001
Hardly ever engage in any physical activity, % 39 7.6 4.7 9.5 9.4 7.8 <0.001
Memory score: mean (s.d.) 10.0 (3.17) 8.2(3.37) 9.1 (3.37) 7.8 (3.26) 7.9 (3.23) 7.6 (3.38) <0.001
Diagnoses and Health conditions, %
CHD 9.2 20.3 14.7 28.3 18.9 17.7 <0.001
Diabetes 5.6 11.3 9.2 12.8 9.1 13.7 <0.001
Depressive symptoms (4+ CESD) 12.7 17.7 12.6 19.1 222 20.0 <0.001
Chronic Respiratory Illness 13.9 18.8 14.7 17.3 349 16.5 <0.001
Stroke 22 6.3 3.7 8.8 59 7.0 <0.001
Cancer 5.4 9.0 15.1 6.9 4.9 5.7 <0.001
Arthritis 324 37.6 31.8 42.1 36.7 39.7 <0.001
Osteoporosis 53 6.5 5.0 7.0 8.1 6.8 0.087

Table 1: Baseline characteristics of participants according to their mortality status by April 2018 (n=5,619).
Source: ELSA, Waves 1-8 with at least 2 valid measurements of walking speed. Own calculations.

Minimal adjustment model

Fully adjusted del
(age, gender, time, time?) Wy adjusted moce

Alive Reference Reference
Cancer -0.068 (-0.09; -0.04) -0.034 (-0.54; -0.01)
CVD -0.167 (-0.19; -0.14) -0.082 (-0.13; -0.06)

Respiratory disease -0.260 (-0.27; -0.20)
-0.018 (-0.02;-0.02)

-0.001 (-0.00; -0.00)

-0.137 (-0.24; -0.10)
-0.014 (-0.02; -0.01)
-0.000 (-0.00; -0.00)

Time (years)

Time*

Time* cause of death

Cancer -0.003 (-0.01; -0.00)
-0.007 (-0.01; -0.00)

-0.010 (-0.01; -0.01)

-0.001 (-0.00; 0.00)
-0.003 (-0.01; -0.00)
-0.005 (-0.01; -0.00)

CVD

Respiratory disease

Gender -0.088 (-0.10; 0.07) -0.032 (-0.05; -0.02)
Gender slope -0.002 (-0.00; -0.00) -0.001 (-0.00; 0.00)
Constant 0.806 (0.79; 0.81) 0.692 (0.48; 0.79)

Table 2: All sample, both genders together (n=5,579).

ELSA, Waves 1-8 and nurse visits. Fully adjusted model controls for Ethnicity, part-
nership, wealth quintiles, education, BMI, Height (cm), smoking, Memory score,
IADL limitations, level of physical activity, depressive symptoms, CHD, diabetes,
Respiratory disease, Arthritis, Stroke, Cancer, and osteoporosis. Own calculations

Lastly, in the fully-adjusted model, only those who died of car-
diovascular and respiratory diseases reported significantly faster de-
clines in walking speed, on average, compared to the surviving group
(b=-0.003m/s and -0.005m/s respectively). Women reported slower
walking speed than men at baseline, but no gender differences were
observed in the rate of decline.

Figure 1 shows graphically the trajectories of walking speed in
the 15 years preceding death (or the latest available information for
survivors). As expected, for all individuals, walking speed declined
over time, with those surviving starting off with higher speed and
maintaining higher walking speed levels over the entire follow-up pe-
riod. Those who died of cancer had a lower starting point but declined
similarly than surviving respondents, whereas those dying of CVD or
respiratory diseases showed worse walking speed profiles at baseline
and reported faster declines closer to their death. In a separate set of
analysis by age-group (Supplementary table 2), we found that those
aged 70 and older, who died of CVD and respiratory diseases, had
accelerated change in walking speed.

Discussion

Using 15 years of follow-up data linked to mortality registry,
we examined trajectories of terminal decline and terminal drop and
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explored the extent to which these trajectories differed according to
the cause of death in a large nationally representative sample of older
individuals aged 60 and over in England. First, we analysed longitu-
dinal data to explore whether a gradual decline in walking speed was
observed in the years preceding death. In line with previous research,
we found that that steeper decline in walking speed was associated
with increased risk of all-cause mortality [10,14,17]. Furthermore, for
the first time, this study reported an accelerated change in walking
speed prior to death, referred to as terminal drop.

-

Walking speedmisec
B 7
h

w4
< 4
T T T T
15 -10 -5 0
time
----- Alive ===== Cancer
CVD === RespiratoryDisease

Figure 1: Graphical trajectories of walking speed.

We also explored whether terminal decline in walking speed dif-
fered according to the cause of death, which has not been explored be-
fore. We found that those who died of cardiovascular and respiratory
diseases had faster decline in walking speed, compared to those who
remained alive. No differences were found in terminal decline be-
tween those dying of cancer and those who remained alive. Moreover,
we observed an overall terminal drop in walking speed, and this was
particularly significant among people aged 70 and over who died of
cardiovascular and respiratory diseases. As these findings are novel,
direct comparisons with previous studies are not possible. Neverthe-
less, previous studies have shown associations between slow walking
speed and respiratory diseases [21,22] and slow walking speed and
cardiovascular death [11]. A possible explanation for the observed
terminal decline and terminal drop among people who died of respi-
ratory diseases include muscle fatigue and muscle weakness associat-
ed with respiratory diseases [21,22]. Furthermore, it has been shown
that people with chronic obstructive pulmonary disease manifest gait
abnormalities, and they are also at higher risk of falls compared to
healthy people [21,22]. Inflammation has also been shown to play a
role in both cardiovascular health [23] and decline in walking speed
[24,25], which might explain the steeper decline in walking speed ob-
served in this study among those who died of cardiovascular diseases.
Another possible explanation for the steeper decline in walking speed
among people who died of cardiovascular disease include chronic ex-
posure to vascular risk factors which in turn is associated with both
increased cardiovascular mortality and decreased walking speed [11].

Strengths of this study include a large nationally representative
sample of older people in England, objective measures of walk-
ing speed linked to mortality registry, and a long follow-up time.

In addition, we were able to adjust our analyses for a wealth of covari-
ates found to be related to both mortality and walking speed. How-
ever, a few limitations apply. First, no information on walking speed
was available prior to the age of 60, it cannot be ruled out that decline
in walking speed might start at even younger ages. Second, highly
frail individuals did not attempt the walking speed test for security
reasons, and this might further bias our results. Finally, walking speed
measures were collected every two years and on a single occasion: it
is possible that such time scale misses a wider range of possible pat-
terns of decline and that more frequent repeated measure would better
allow to capture the terminal drop.

To conclude, this is the first study to report both terminal decline
and terminal drop in walking speed in the years preceding death. Fur-
thermore, we found that among people aged 70 and over trajectories
of walking speed were steeper for those dying of cardiovascular and
respiratory conditions. As walking speed is a relatively simple test to
administer, more efforts should be made to monitor decline in walk-
ing speed especially among older people with cardiovascular and re-
spiratory conditions.
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Supplementary Table 1: Fully adjusted model Supplementary Table 2: Both genders together, among
those aged 60-69 (n=3,323)
Variables Coef. Coef. 95% CI
Alive Ref () ]
Model 1 Model 4
Cancer -0.034%+ (0.011) -0.054 -0.013 (age, gender, time, (Model 3 + Diagnoses and
CVD -0.082%* (0.012) -0.105 -0.059 time?) Health conditions)
Respiratory Disease -0.137%x* (0.017) -0.170 -0.105 Alive Reference Reference
Other -0.165%* 0.014) -0.194 -0.137 Cancer -0.055 (-0.09; -0.02) -0.033 (-0.06; -0.00)
Time (years) -0.014%* (0.001) -0.016 -0.011 CVD -0.168 (-0.21; -0.12) -0.061 (-0.10; -0.02)
Time* -0.000%* (0.000) -0.000 -0.000 Respiratory disease -0.256 (-0.32; -0.20) -0.138 (-0.19; -0.08)
Time* cause of death Time (years) -0.018 (-0.02; -0.01) -0.014 (-0.02; -0.01)
Cancer -0.001 (0.001) -0.003 0.001 Time? -0.000 (-0.00; -0.00) -0.000 (-0.00; -0.00)
CVD -0.003* (0.001) -0.005 -0.000 Time* Cause of death
Respiratory Disease -0.005%* (0.002) -0.009 -0.002 Cancer 0.002 (-0.00; 0.00) 0.000 (-0.00; 0.00)
Other -0.009%* (0.002) -0.012 -0.006 CVD -0.000 (-0.00; 0.00) -0.001 (-0.00; 0.00)
Age (centred) -0.008%** (0.000) -0.009 -0.007 Respiratory disease -0.009 (-0.02; -0.00) -0.005 (-0.01; 0.00)
Gender -0.032%* (0.008) -0.047 -0.016 Gender -0.075 (-0.09; -0.06) -0.024 (-0.04; -0.00)
Gender slope -0.001+ (0.001) -0.003 0.000 Gender slope -0.001 (-0.00; 0.00) -0.001 (-0.00; 0.00)
Ethnicity -0.130%* 0.018) -0.165 -0.096 Constant 0.897 (-0.88; 0.91) 0.787 (-0.63; 0.94)
Partnered 0.014%* (0.004) 0.005 0.022 \
2nd wealth quintile 0.015%* (0.004) 0.007 0.023
3rd wealth quintile 0.022%* (0.005) 0.013 0.031
4th wealth quintile 0.044%% (0.005) 0.035 0.054 Supplementary Table 3: Both genders, among those aged
Higher wealth quintile | 0.057** (0.005) 0.047 0.067 70+ at their first observation (n=2,256)
Low Education -0.071%* (0.008) -0.086 -0.056
BMI value -0.007%* (0.000) -0.008 -0.006 A
Height (cm) 0.002%* (0.000) 0.001 0.003 Model 1 Model 4
Smoker 0.017%* (0.006) 0.028 -0.005 (age, time, time?) (Model 3 + Diagnoses and
Health conditions)
Memory score 0.005%* (0.000) 0.004 0.005 Alive Reference Reference
TADL hz::;"“ Tor 1 go7g (0.003) -0.084 0071 Cancer -0.062 (-0.10; -0.03) -0.028 (-0.06; 0.00)
Sedentary 0067+ ©006) 0,078 0,056 CVD -0.149 (-0.18; -0.12) -0.085 (-0.11; -0.06)
With 4 or more CESD Respiratory disease -0.212 (-0.26; -0.17) -0.132 (-0.17; -0.09)
depressive symptoms -0.039% (0.004) -0.046 -0.031 Time (years) -0.021 (-0.03; -0.02) -0.013 (-0.02; -0.01)
CHD -0.032%* (0.005) -0.042 -0.022 Time? -0.000 (-0.00; -0.00) -0.000 (-0.00; -0.00)
Diabetes -0.037%* (0.006) -0.048 -0.026 Time* Cause of death
Respiratory -0.026** (0.005) -0.035 -0.016 Cancer -0.004 (-0.01; -0.00) -0.001 (-0.00; 0.00)
Arthritis -0.050%* (0.004) -0.057 -0.043 CVD -0.008 (-0.01; -0.00) -0.004 (-0.01; -0.00)
Stroke -0.056%* (0.007) -0.071 -0.042 Respiratory disease -0.009 (-0.01; -0.00) -0.005 (-0.01; -0.00)
Cancer -0.010+ (0.006) -0.021 0.001 Gender -0.108 (-0.13; -0.05) -0.047 (-0.07; -0.02)
Osteoporosis -0.039%* (0.006) -0.051 -0.028 Gender slope -0.001 (-0.00; 0.00) -0.001 (-0.00; 0.00)
Constant 0.692%* (0.063) 0.569 0.815 Constant 0.760 (-0.74; 0.78) 0.632(-0.43; 0.83)
Observations 25,799 ~
Number of groups 5,579

Volume 6 ¢ Issue 2 » 100051

J Gerontol Geriatr Med ISSN: 2381-8662, Open Access Journal

DOI: 10.24966/GGM-8662/100051



http://doi.org/10.24966/GGM-8662/100051

Citation: Zaninotto P, Di Gessa G (2020) Cause-Specific Trajectories of Terminal Decline in Walking Speed: Evidence from the English Longitudinal Study of

Ageing. ] Gerontol Geriatr Med 6: 051.

ePage70f 8 ¢

-
S T
e ————
L e Nemma

.‘---~ -_‘
-
-

-~
m—— Ny

g

o

&
7/

Wallking speed misec

5

<

— T T T T T T T T T T T T T T
151413 1211109 8 7 6 5 4 3 2 1
time

----- Alive, age 60-69
VD, age BO-B9

=mm=e Cancer, age 60-69
e e Rspiratory Disease, age 60-63

i
1

.6
I

Supplementary Figure 1: Graphical trajectories of walking speed by age and cause of death
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