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Customary physical activity and survival in later
life: a study in Nottingham, UK

Kevin Morgan, David Clarke

Abstract
Objective-To assess the value of broadly
based customary physical activity scores,
derived from a questionnaire inventory, in
predicting 10 year mortality among eld-
erly people.
Design-A 10 year survival analysis of
participants in the first wave of the
Nottingham longitudinal study of activity
and ageing who, in face to face interviews
in 1985, provided detailed information on
customary physical activity, health, and
lifestyle.
Setting-Urban and suburban Nottingham
Participants-A total of 1042 people aged
65 years and over randomly sampled from
general practitioner records.
Main results-On the basis offactor scores
derived from the interview questionnaire,
activity levels were graded as "high",
"intermediate", or "low". In Cox regres-
sion models controlling for age, health sta-
tus, and cigarette smoking at the time of
the activity assessment, these gradings
were significantly related to 10 year sur-
vival. Relative to the "high" activity
groups, the risk of dying was significantly
increased in both the "intermediate" (haz-
ard ratio (HR) 1.53; 95% CI 1.12, 2.09) and
"low" (HR 2.07; 95% CI 1.53, 2.79) groups
for women, and in the "low" group (HR
1.59; 95% CI 1.12, 2.25) for men (p<0.01
throughout).
Conclusion-Since the survival model
controlled for age, health status, and ciga-
rette smoking, it is unlikely that the activ-
ity gradings used here are simple proxies
for physical health. It is concluded, there-
fore, that within the elderly population,
recall based survey assessments covering
a wide range of customary or habitual
physical activities, can provide indices
showing both cross sectional utility and
predictive validity.

(J Epidemiol Community Health 1997;51:490-493)

The physiological benefits of regular exercise
and aerobic training have been demonstrated
across the human lifespan.' However, since the
participation rates of elderly people in sports
and formal exercise programmes are relatively
low,2 the contribution to health and fitness of
habitual or customary physical activity levels in
later life merits particular attention, and has
provided the focus for several recent cross sec-
tional surveys.3`5 Typically, such studies employ
recall based questionnaire assessments of

physical activity. While this type of assessment
appears to offer a practical research tool to
explore relationships between physical fitness,
health, and health gain among elderly people,
data on the predictive value of such measure-
ments remain scarce.6 In addition, the interpre-
tation of positive cross sectional relationships
between activity levels and health in later life
remains difficult since, at the point of measure-
ment, activity level may present as a proxy for,
and thus confound with, physical health status.
To address these issues, we examined relation-
ships between activity gradings derived from a
recall based questionnaire assessment of cus-
tomary physical activity and 10 year survival in
a stratified random sample of elderly people.

Methods
SAMPLE
Data were derived from the Nottingham longi-
tudinal study of activity and ageing (NLSAA),
the original sample for which was constructed
as follows. Using electoral ward level statistics
from the 1981 census, three areas of greater
Nottingham were combined to provide a study
population whose demographic composition
(as regards age, sex, social class, ethnicity, and
proportion of elderly people living alone)
reflected the average national pattern for Eng-
land and Wales. The resulting area included a
total of 48 733 individuals served by 25 general
practitioners. With the consent and coopera-
tion of these general practitioners, Notting-
hamshire Family Practitioner Committee age-
sex lists were used to identify all non-
institutionalised individuals aged 65 years and
over living within the survey areas. Of 8409
elderly people identified, 1299 eligible indi-
viduals (those alive and still living at the
address provided) were randomly selected for
interview. At sampling, those aged 75 years or
older were intentionally over-represented in
order to admit sufficient numbers for subse-
quent longitudinal analyses. Accordingly, while
the ratio of "old" (65-74 years) to "very old"
(75+ years) people in the 1985 British popula-
tion was approximately 1.62:1 (Office of Popu-
lation Censuses and Surveys, 19837), a baseline
ratio of 1: 1 was the target for this study.
The first (baseline) survey was conducted

between May and September 1985. Of the
1299 individuals approached, 1042 were inter-
viewed (a response rate of 80%). Information
on mortality within the baseline sample was
provided by the National Health Service Cen-
tral Register (NHSCR), which supplied copies
of all death certificates as they accrued.
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Table 1 Mean values (minimum-maximum) by activity groupings for variables
contributing to the CPA 1 factor

Activity grouping

Activity (units) Low Intermediate High

Women (n=212) (n=21 1) (n=212)
Shopping (min/typical d) 16.01 (0-240) 23.45 (0-180) 19.34 (0-310)
Walking (min/typical d) 26.65 (0-248) 43.54 (0-240) 46.93 (0-385)
Flexibility (frequency: low-high) 6.01 (0-13) 9.47 (3-16) 12.26 (5-19)
Strength (frequency: low-high) 4.37 (0-12) 9.36 (2-16) 11.73 (4-18)
Indoor (min/wk) 265.54 (0-1260) 519.41 (0-1320) 828.68 (85-2100)
Outdoor (min/wk) 8.25 (0-240) 53.03 (0-840) 225.67 (0-1680)
Leisure (min/wk) 22.83 (0-210) 59.84 (0-360) 154.25 (0-1180)

Men (n=135) (n= 136) (n= 135)
Shopping (min/typical d) 17.09 (0-240) 19.41 (0-180) 17.11 (0-230)
Walking (min/typical d) 38.89 (0-265) 54.75 (0-260) 49.21 (0-276)
Flexibility (frequency: low-high) 6.4 (0-13) 10.14 (5-16) 12.88 (7-18)
Strength (frequency: low-high) 5.87 (0-12) 9.94 (3-16) 12.55 (5-19)
Indoor (min/wk) 150.73 (0-1260) 232.26 (0-1500) 428.48 (0-3240)
Outdoor (min/wk) 47.09 (0-720) 247.9 (0-1440) 785.79 (0-2850)
Leisure (min/wk) 38.83 (0-1260) 118.64 (0-1365) 226.48 (0-1740)

QUESTIONNAIRE ASSESSMENT

Levels of customary physical activity (CPA)
likely to promote muscle strength, joint flexibil-
ity, or stamina were assessed using detailed
inventories.8 Continuous activities (those with
a probable minimum energy cost of 2 kcal/min,
performed continuously for a minimum of
three minutes, at least weekly, for at least the
previous six weeks) were divided into five
mutually exclusive functional categories: out-
door productive activities (eg gardening, house
and car maintenance); indoor productive
activities (eg housework, decorating, indoor
maintenance); walking (purposeful walking
outside the house or garden); shopping (ie
continuous ambulatory behaviour associated
with shopping); and leisure activities (eg
cycling, swimming). In the assessment of walk-
ing, the interviewer asked in detail about walk-
ing done on the day prior to interview. If, how-
ever, this day had been atypical, then another
was selected (up to a maximum of six days pre-

viously). At analysis, walking per se, and walk-
ing as shopping were divided into two separate
categories. Both were scored as minutes per

typical day.
In administering the questionnaire on out-

door, indoor, and leisure activities the inter-
viewer first determined whether the respond-
ent's participation in the activity met the
criteria for "customary", and then asked in
detail about the frequency and duration of par-
ticipation. Each reported activity was scored as

minutes per week. Non-participation was

scored as zero. In addition, non-continuous
activities likely to contribute to muscle strength
(eg climbing high steps, dragging heavy loads)
and joint flexibility (eg reaching for high
shelves, bending for low shelves) were also
included. Typically, these tasks form discrete
units of physical activity and were therefore
scored in terms of frequency of performance
on a five point scale (ie performed never, occa-

sionally, once or several times a week, daily, or

several time a day).
General health was assessed using a 14 item

health index scored from zero (no health prob-
lems) to 14 (multiple health problems) cover-

ing the presence or absence of: heart, stomach,

eyesight, sleep, or foot problems; giddiness,
headaches, urinary incontinence, arthritis and
falls; long term disabilities and drug and walk-
ing aid use; and contact with (primary and sec-

ondary care) medical services.9 Smoking his-
tory (smoker/non-smoker) was assessed in a

separate item. Interviews were followed by
anthropometric measurements of handgrip
strength and shoulder flexibility. As prelimi-
nary analyses had shown significant gender
differences in activity patterns, data for men

and women were analysed separately. All
analyses were performed in SPSS version 6. Ofor
Windows.'°

SURVIVAL ANALYSES

Factor analysis (principal components with
varimax rotation) of the 1985 activity invento-
ries extracted first principal components (la-
belled CPA1) which accounted for 33% of the
variance in men, and 39% in women.4 Mean
values (together with maximum/minimum
scores) of those activities contributing to the
factor CPA1 are shown in table 1. For both
men and women factor scores derived from
CPA1 showed significant (r ¢ 0.4; p < 0.001)
product moment correlations with instrumen-
tal measurements of handgrip strength and
shoulder flexibility.4

In the 10 year period September 1985 to
August 1995, the project received notification
of 568 deaths (247 men and 321 women). To
investigate relationships between activity and
mortality, respondents were divided into three
activity groupings according to tertile ranges

for the 1985 CPA1 factor scores. Mortality was
then assessed in Cox regression models with
survival (period from baseline assessment to
death or censorship in August 1995) as

dependent, and activity tertile groupings (high,
intermediate, low), age (in 1985), health index
scores, and smoking status (smoker/non-
smoker in 1985) as covariates. A forward step-
wise approach to model selection was used,
with entry into the model at the 5% level, and
removal at the 10% level.

Results
For both sexes survival was significantly related
to activity levels after controlling for age, health
index score and smoking status (figure 1).
Relative to the "high" activity groups, the risk

KEY POINTS
* Recall based assessments of habitual

physical activity are increasingly being
used in the study of wellbeing in later life.

* Data on the predictive validity of such
assessments remain scarce.

* The present analyses demonstrate a clear
relationship between questionnaire as-
sessed activity level and 10 year mortality
among elderly people.

* This relationship, independent of health
status, provides evidence for the research
utility of survey assessments of habitual
activity.
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justed estimates for low activity showed HR
2.75; 95% CI 1.98, 3.81 (p<0.0001) and for
intermediate activity HR 1.73; 95% CI 1.23,
2.43 (p = 0.002).

Discussion
b In recent years recall based questionnaire

assessments (from which levels of fitness may
6 -- be inferred) have increasingly been used to

°--. explore the role of physical activity in promot-
*.... ing health and psychological wellbeing in later

I life. While such assessments introduce the
4LMen °~~~~~' overlapping methodological issues of recall
4 accuracy and criterion validity, prospective

analyses of recall questionnaire data collected
within this age group remain rare. The present

Li results, therefore, provide useful evidence for
2 I I I I the predictive validity of activity scores ex-
o 1 2 3 4 5 6 7 8 9 10 11 tracted from a broadly based survey assessment

of older people. Since the survival model con-
D Activity level trolled for age, health status, and cigarette

oHigh smoking at the time of the activity assessment,
.cntermediate it is unlikely that the activity gradings used here

9 _ z ... .are simple proxies for physical health. It
remains possible, nevertheless, that the health

3 -O.--------> ------ index scores included in the analyses may have
been insensitive to subclinical conditions or

7 D---- l ~ ~ ~ ~ 2 symptoms which, at the point of assessment,
a----------- >~~~~l 1 influenced activity level and ultimately, sur-

D- b-----, ~~~~~~~~~~~~~vival.
° vb-----, Unlike earlier work which has tended to

............. O-----focusonly on a single source ofexercise (typi-
6........... cally, walking6), the present analyses used anWomenb----------- index derived from a range of activities, each
X .......... assessed for its physiological relevance. Such

scores, we believe, reflect more accurately
Li-a aspects of general activity. While the derivation

of these scores does not allow for the contribu-
I I I I I tion of any single source of activity (eg leisure,0 1 2 3 4 5 6 7 8 9 10 11 walking, housework, etc) to be identified as

Time from baseline assessment (y) more or less important for longevity, it is clear
Survivalfunctions (1985-95) for women and men grouped according to from the table that, of those activities expressed

naire assessed activity levels at baseline, controllingfor age, health status, and in time units, indoor activities (95% of which
smoking. comprised housework8) and walking receive

the greatest time commitment from individuals
of dying was significantly increased in both the in this age group. Neither is it possible to
"intermediate" (hazard ratio (HR) 1.53; 95% assess, on the basis of the present all cause
CI 1.12, 2.09; p<0.01) and "low" (HR 2.07; mortality data, relationships between CPA1
95% CI 1.53, 2.79; p<0.01) groups for factor scores and specific causes of death.
women. For men, mortality risk was signifi- Recent evidence linking higher levels of walk-
cantly increased in the "low" group (HR 1.59; ing with reduced cardiovascular mortality in
95% CI 1.12, 2.25; p<0.01), but not in the old age" indicates extremely complex pathways
"intermediate" group (HR 1.35; 95% CI 0.96, between activity and mortality requiring, at
1.89; p<0.09). Within the same model, mortal- analysis, levels of statistical control beyond the
ity was also significantly predicted by increased scope of this study. With regard to the
age (HR 1.09; 95% CI 1.07, 1.11) and methodological objectives of the present analy-
cigarette smoking (HR 1.42; 95% CI 1.06, ses, however, we conclude that recall based
1.91) among women, and increased age (HR survey assessments of customary or habitual
1.07; 95% CI 1.05, 1.1) and higher health physical activity can provide physiologically
problem scores (HR 1.1; 95% CI 1.04, 1.16) relevant indices of general activity level which,
among men. in elderly people, possess both cross sectional

In a similar model unadjusted for age, health, utility and predictive validity.
or cigarette smoking, mortality was significantly
increased in the "low" and "intermediate"
activity groups for both sexes. Among women,
unadjusted estimates for low activity showed
HR 2.74; 95% CI 2.07, 3.66 (p<0.0001) and
for intermediate activity HR 1.70; 95% CI
1.26, 2.29 (p = 0.0006). Among men, unad-
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