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SUMMARY Between 1977 and 1979 an age stratified sample of people 65 years and over living in
the community and in institutions in Gisborne, New Zealand was assessed medically and socially.
This sample was followed and reviewed in 1982. At follow up 308 subjects were seen, 227 had died,
and 24 had left the area. Factors predicting mortality were assessed. Using a log rank test, factors
predicting mortality included age, impaired mental function, functional disability, urinary
incontinence, prescribed drugs, pulse pressure, erythrocyte sedimentation rate (ESR), systolic
pressure, cardiovascular drugs, and falls. However, a number of these factors increased in
prevalence with age. Using a Cox's regression analysis for factors predicting mortality after
controlling for age, the following were found to be significant predictors: impaired mental function;
functional disability; urinary incontinence; prescribed drugs, ESR and falls. A proportional
hazards general linear model showed that the major predictors of mortality in old age were markers
of established disease.

The death of an old person is commonly due to a
combination of diseases occurring when age has
impaired the body's ability to compensate for the
effect of illness. A number of different causal factors
may have contributed to the development of each
disease. Studies to determine factors predicting
mortality in the elderly are therefore unlikely to
identify a single factor, the treatment of which would
increase life expectancy. Such studies may, however,
increase the understanding of the relation of ageing
and disease processes causing morbidity and
mortality in the elderly. Studies may also indicate
that certain risk factors for death in young people are
no longer important predictors in the elderly. This
would have important implications in the
investigation and treatment of these conditions.
Studies may enable identification of an at risk group
of elderly people for whom health care services
would be of value. Information obtained will enable
better planning of health care provision.
The majority of studies investigating factors

predicting mortality in old people have examined a
selected population such as those in institutions' 2 or
receiving particular benefits,3 or have investigated
certain specific variables only.' There have been
few studies of randomly selected community
samples, and each has investigated different
variables.7'9

We have investigated factors predicting mortality
in a prospective study of a randomly selected sample
of elderly people living in both the community and in
institutional care.

Sample and method

Names, ages, and addresses of all people 65 years and
over who lived in Gisborne, New Zealand were
obtained from a sample frame estimated to represent
97% of the elderly in the area.10 The sample frame
included all elderly people living in the area, whether
they lived in the community or in institutions. From
this a randomly selected sample stratified by age was
obtained. The sample included all those aged 80
years or more, a 1 in 6 sample of those 75-79 years,
and a 1 in 20 sample of those aged 65-74 years.
Subjects were assessed initially during 1978 and
1979. The final follow up examination was
performed between October 1982 and February
1983. The minimum period of follow up was 42
months. The age of the subject was taken as the age at
which he or she was first seen. The total number of
people approached was 589. Thirty refused to
participate so the overall response rate was 94-9%.
Subjects were seen in their usual living situation. The
nurse investigator carried out the initial interview
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and gathered personal information and details of
family and professional support and functional
ability. The medical investigator then saw each
subject in his or her own home. The eye examination
was carried out in the hospital eye clinic. Methods of
assessing mental function,"' drug taking,12 urinary
incontinence,13 falls,14 eye disease,15 and anaemia 16

have been described previously. Blood pressure was

measured with a standard mercury

sphygmomanometer after the subject had been lying
for five minutes. Measurements were then repeated
with the subject standing after one minute and three
minutes. Systolic pressure was recorded at the first
sound and diastolic at the disappearance of sound.
Postural hypotension was defined as a fall of 20 mm
of mercury or more in systolic pressure on standing.
Functional ability was assessed in activities of daily
living by the nurse and medical investigators. Blood
was taken at the initial medical interview, and
erythrocyte sedimentation rate (ESR) was measured
by the Westergren method. In the prediction of
mortality ESR was treated as a binomial variable
using 20 mm/h as the upper limit of normal on the
evidence of the study data and subsequent studies.17

In the follow up the death of any subject
participating in the study was recorded with the date
and death certificate causes of death. All those
surviving were reviewed in their own homes.
A life table method of analysis was used to

determine factors predicting mortality. Survival in
months from the date first seen was used as the
dependent variable. The log rank test was used to
determine which variables significantly related to
survival. The prevalence of a number of the
conditions examined, in particular, dementia, urinary
incontinence, falls, and high systolic blood pressure,
increased with age. Therefore the effect of each of
these variables controlling for age was tested using a

Cox's regression.18
For each of these significant predictors of survival,

survival curves have been produced. After
controlling for age, variables found significant
formed the independent variables for a proportional

Table 1 Sample followed during study period

Age group (years) Alive Dead

65-69 13 2
70-74 25 5
75-79 50 22
80-84 129 77
85-89 72 74
90+ 19 47

Total 308 227

hazards general linear model procedure. The SAS
package was used for this analysis.

Results

Of the 559 subjects who completed the initial
assessment 535 were followed until death or the
follow up examination. The age distribution of those
subjects who were followed for the full study period
or died during the study are shown in table 1. Twenty
four subjects left the area oI were lost to follow up.

There was no significant difference between the
survival of men and women. All subsequent analyses
were done for both sexes combined.
Those variables which did predict mortality in the

log rank analysis are shown in table 2, and those
which did not reach significance are also listed for
comparison. The variables which entered as
predictors of mortality after controlling for age are
identified by an asterisk.
The survival curves for all subjects, for each of

these variables, are shown in figures 1 to 6. The
survival curves show the subjects who survived
during the follow up period as a proportion of the
total number of subjects who could have reached
each age during the study period.
The variables which predicted mortality were then

entered in the Cox's proportional hazards general
linear model to determine the best fit for all
significant variables. Those variables which best
predicted mortality are shown in table 3.

Certain conditions were not present in a sufficient
number of subjects to enter as significant predictors
of mortality in the whole sample. However, when
present, they were associated with a marked increase
in mortality. Of the 12 subjects who had urinary
catheters at the initial examination, 11 had died by
final follow up. Of 19 subjects with anaemia in the
initial examination only four survived for follow up.

Table 2 Results of survival analyses
Factors predicting mortality Factors not predicting mortality

Log rank test Log rank test
Mental function* Diastolic pressure
Functional capacity* Postural hypotension
Urinary incontinence' Senile macular degeneration
Prescribed drugs' Cataract
Pulse pressure Glaucoma
Erythrocyte sedimentation Optimum vision
rate (ESR)*
Systolic pressure
Cardiovascular drugs
Pattern falls'
Age

*Significant controlling for age
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Table 3 Factors best predicting mortality using the Of the 31 subjects who had faecal incontinence at the
proportional hazards general linear model time of initial examination only three survived for
Variable Bea P follow up. The increase in mortality associated with

the presence of urinary catheter, with anaemia, or
Age 02044 0 003 with faecal incontinence occurred irrespective of the
Functional capacity 0-243 0-010
Mental function -0 339 0 008 age of the subject.

Discussion

The sample of elderly people that we have studied
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ESR Survival curves
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Figs 1 to 6 Survival curves for conditions predicting mortality. Thesurvival curves show the subjects who survived during the

follow up period as a proportion ofthe total number ofsubjects who could have reached each age during the study period.

was representative of a total population of the elderly
including both those in the community and in
institutional care. The initial refusal rate of 5a 1% and
the 4-1% of subjects lost to follow up were too small
to bias the results. However, the number of subjects
in the 65-74 years age group was small. This was

partly due to subjects moving to a higher age group

between the time of sampling and the initial
examination. The results are therefore more

applicable to people 75 years and over than to those
65 to 74 years.
The factors that we found most important in

predicting mortality were those which indicated
established disease. Impaired mental function, as

defined in this study, was an indicator of established
dementia."1 Dementia has previously been shown to
be associated with lowered survival9 20 although the
length of survival of those affected may be
increasing.21 People with senile dementia,
Alzheimer's type, or multi-infarct dementia may

have decreased survival because of the direct effects
of the illness itself, because of increased risk of
accidents, and because physicians may be less active
in treating coincidental life threatening illness.
Other factors, such as urinary incontinence and

falls, which we have shown to be associated with a

decreased time of survival, are more likely to be
markers of underlying frailty or illness than direct
causes of mortality in their own right. Bacteriuria has

been associated with increased mortality in men.22 It
is probable that the bacteriuria is a marker of
increased risk of infection and impaired immunity
rather than that the urine infection itself causes

death. Elderly people who experience falls23 or who
have impaired mobility9 have previously been shown
to have diminished survival. Few deaths, however,
result from accidents and fractures, and the falls are a

marker of frailty.
Raised blood pressure, which is so important in

younger age groups as a risk factor for mortality, did
not enter as a predictor in the present study. Previous
studies of elderly people have also shown that the
association of raised blood pressure with death' 25

and stroke 26 27 is much less clear in the elderly than in
younger subjects. Elderly people are a survival
population, and people with significant hypertension
have an increased risk of death before reaching old
age. Frail elderly people may have lower blood
pressures than those who are fit,28 and low blood
pressure has been associated with increased mortality
in the aged. 29 However, when we separated those
with low blood pressure we found no increase in
mortality in this group. The justification for treating
raised blood pressure in elderly people is not so clear
as in younger age groups and requires further study.
Other risk factors for vascular disease in younger life,
such as smoking, obesity, and raised blood sugar, may
also have different significance in old age groups.
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Branch and Jette30 examined the association of
physical activity, cigarette smoking, hours of sleep,
alcohol consumption, and the number of meals on
five year mortality in a sample of subjects 65 years
and over. In the multivariate analysis none of these
factors related to survival in men, and in women only
never having smoked cigarettes was significantly
related to lower mortality. Care must be taken in
extrapolating results and treatment
recommendations from young to old age groups. In
old age, disease may be established, and treatment of
the "causes" of disease is no longer of benefit.3"

Impaired mental function and functional disability
were both associated with increased mortality. These
results have importance in the planning of
institutional requirements. Impaired intellectual
function is an important reason for institutional
care.11 The decreased survival of those with impaired
intellectual function may lead to shorter lengths of
time in care. Functional disability has previously
been shown to be an important predictor of mortality
in institutional groups1" and in the community.4 If
people with high levels of functional ability are
admitted to institutional care, the institutional
requirements will increase for two reasons: not only
will more people be admitted initially, but they will
survive longer and the subsequent "turnover" of
residents will be considerably less.

In old age the predictors of mortality are markers
of established disease. This has implications in
preventive health measures, in the treatment of
certain conditions such as hypertension, and in the
planning of services for the elderly.
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