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Abstract
Objectives-To investigate the relation between

cognitive function and cause specific mortality in
people aged 65 and over.
Design-A 20 year follow up study of a cohort of

randomly selected elderly people living in the
community who in 1973-4 had taken part in a
nutritional survey funded by the Department of
Health and Social Security.
Setting-Eight areas in Britain (five in England,

two in Scotland, and one in Wales).
Subjects-921 men and women whose cognitive

function was assessed by a geriatrician in 1973-4 and
for whom data on health, socioeconomic circum-
stances, and diet had been recorded.
Results-Cognitive impairment was associated

with increased mortality, in particular death from
ischaemic stroke. Those who scored 7 or less on the
Hodkinson mental test had a relative risk of dying
from stroke of 2-8 (95% confidence interval 14 to
5 5), compared with those who gained the maximum
score (10), after adjustment for age, sex, blood
pressure, serum cholesterol concentration, and
vitamin C intake. These associations were indepen-
dent of illness or social class. At the time of the
nutritional survey, cognitive function was poorest in
those with the lowest vitamin C status, whether
measured by dietary intake or plasma ascorbic
acid concentration. The relation between vitamin
C status and cognitive function was independent
of age, illness, social class, or other dietary
variables.
Conclusion-The relation between cognitive

function and risk of death from stroke suggests that
cerebrovascular disease is an important cause of
declining cognitive function. Vitamin C status may
be a determinant of cognitive function in elderly
people through its effect on atherogenesis. A high
vitamin C intake may protect against both cognitive
impairment and cerebrovascular disease.

Introduction
Poor cognitive performance has been associated with

increased mortality in several studies of elderly people,
but the underlying mechanisms remain unclear.'-3
Evidence exists linking high levels of risk factors for
cerebrovascular disease with poorer performance in
various cognitive tasks,45 and the results of a recent
population based study from the Netherlands showed
that elderly people with atherosclerotic disease of the
carotid arteries were more likely to be cognitively
impaired.6 To investigate further the relation between
cognitive impairment and cardiovascular disease we
examined performance on a simple test of cognitive
function and cause specific mortality in a 20 year follow
up study of a national sample of elderly people who had
taken part in a survey in 1973-4.
The Department of Health and Social Security had

carried out this survey using random samples of elderly
people across Britain to assess the nutritional state of
the elderly population. The areas were chosen so that
the socioeconomic characteristics of the study sample
were representative of elderly people in Britain who
were not living in an institution. As part of this study,

subjects were assessed by a geriatrician who tested
their mental status.

Subjects and methods
During 1973 and 1974, 1775 people in eight areas of

Britain (five in England, two in Scotland, and one in
Wales) were randomly sampled from family prac-
titioner committees' lists of all patients aged 65 years
and over. The areas were Islington, Harrow, Hastings,
Bristol, Salford, Rutherglen, Angus, and Merthyr
Tydfil. Stratified sampling was used to obtain equal
numbers ofmen and women aged 65 to 74 and 75 and
over.
Of the subjects selected, 1688 were living at home

and were asked to take part in the study; 1419 (720
men, 699 women; 84%) of these agreed. In all, 983
(69%) of those who participated agreed to be examined
by a geriatrician.

Participants kept a diary of every item of food or
drink consumed over a week. They were given a set of
scales to weigh each item. An interviewer visited them
at least four times and administered a questionnaire on
their socioeconomic circumstances. If the participants
could not cope with the weighing procedure, the
interviewer used the food diary to quantify their
consumption; food purchases were used as a cross
check. Nutrient intake was calculated with a food
composition table compiled by the Department of
Health and Social Security.
The geriatricians measured height, weight, and

blood pressure and recorded current smoking habits
and drug treatment in the past six months. A sample of
blood was taken for biochemical analysis. Cognitive
performance was measured with the Hodkinson
abbreviated mental test.7 Ten people were excluded
from this part of the examination owing to severe
deafness, dysphasia, or language difficulties.
Of the 973 subjects whose cognitive function was

assessed, all except 10 had usable dietary records. We
traced 921 (950/o) of these subjects through the NHS
central register. We obtained death certificates for
those who had died and coded all causes of death
entered in parts I and II according to ICD-9 (inter-
national classification of diseases, ninth revision). All
cases where coronary heart disease (codes 410-414),
ischaemic stroke, excluding subarachnoid and intra-
cerebral haemorrhage (codes 433-438), cancer (codes
140-208), or respiratory disease (codes 460-519) was
mentioned on the death certificate were counted as
deaths from these causes.
To identify potential confounders of the relation

between cognitive function and subsequent mortality
we examined the associations between score on the
Hodkinson mental test and baseline measures of social
class, health, and diet using logistic regression. We
divided the subjects into two groups according to their
score on the Hodkinson test: (a) those who scored the
maximum of 10 (no cognitive impairment) and (b)
those with a score of 9 or less (some cognitive
impairment). The frequency distributions of all the
dietary intake variables and plasma ascorbic acid
concentrations were skewed, and we used logarithmic
transformations when analysing these as continuous
variables. The results are shown as odds ratios within
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thirds of the distribution of the variables, except for
age and social class.
A Cox's proportional hazard model was used to

examine the associations between cognitive function
and mortality. The subjects were divided into three
groups according to their score on the Hodkinson test:
(a) those who scored 10, (b) those who scored 8 or 9
(slight cognitive impairment), and (c) those who scored
7 or less (more severe impairment). Risk estimates
were adjusted for sex and for age in five year strata;
because of small numbers a 10 year stratum was used
for the oldest age group. The results are shown as
relative risks (hazard ratios) within thirds of the
distribution of the variables, except for cognitive
function and cardiovascular disease.

Results
In both men and women the proportion showing

evidence of cognitive impairment on the Hodkinson
test increased significantly with age, though even in the

Table 1-Distribution of scores on Hodkinson mental test
by age and sex. Values are numbers (percentages) of
subjects

Score

Age Noofsubjects <7 8or9 10

Men
65-9 109 2 (2) 23 (21) 84 (77)
70-4 138 3 (2) 35 (25) 100 (72)
75-9 136 5 (4) 39 (29) 92 (68)
80-4 87 11(13) 25 (29) 51(59)
>85 36 4(11) 14(39) 18(50)

Total 506 25 (5) 136 (27) 345 (68)

Women
65-9 105 2 (2) 20 (19) 83 (79)
70-4 103 2 (2) 28 (27) 73 (71)
75-9 112 6 (5) 31(28) 75 (67)
80-4 62 11(18) 23 (37) 28 (45)
>85 33 10 (30) 10 (30) 13 (39)

Total 415 31(7) 112 (27) 272 (66)

Total for both
sexes 921 56 (6) 248 (27) 617 (67)

P value for trend in men=0-0001, in women= < 0.0001.

Table 2-Odds ratios (95% confidence interval) for cognitive impairment

Odds ratio adjusted
for all variables in

table except
No of Unadjusted plasma ascorbic

subjects* odds ratio acid

Vitamin C daily intake (mg):
<27.9 303 2.2 (1-6to 3-0) 1.7 (1-2 to 2-4)
28.0-44.9 309 1.2 (0-9 to 1-8) 1.1 (0-8 to 1-6)
>44.9 310 1.0 1.0

Plasma ascorbic acid (,umol/l):
< 11.91 275 1.9 (1-3 to 2-7) 1.6 (1.1 to 2*3)t
11-92-27-82 302 1 3 (0-9 to 1-8) 1.1 (0*8 to 1*7)t
> 27-82 274 1-0 1-0

Social class:
Non-manual 306 1.0 1.0
Manual 581 2.3 (1-7 to 3-2) 2.2 (1-5 to 3-0)

Diastolic blood pressure (mm Hg):
< 80 311 1.0 1.0
81-95 312 1.3 (0-9 to 1-8) 1.5 (1-1 to 2-2)
>95 280 1.6 (1.1 to 2-2) 1.9 (1-3 to 2-7)

Age (per decade) 921 2.1 (1.7 to 2-6) 1.8 (1-5 to 2-3)

*Because of missing values for some variables, numbers of subjects do not always add up to 921.
tAdjusted for all variables in table except vitamin C daily intake.

older age groups a large percentage gained the
maximum score (table 1). No significant differences in
cognitive function were found between the sexes.
Lower scores on the Hodkinson test were more

common in people from manual classes and in those
with higher diastolic blood pressure. We found no
relation between cognitive function and systolic blood
pressure, current smoking status, general state
of physical health, or recorded diagnosis of cancer
(n=22), chronic respiratory disease (n= 133), diabetes
(n=32), ischaemic heart disease (n= 141), stroke
(n=27), peripheral vascular disease (n=62), con-
gestive cardiac failure (n=73), or depression (n=15).
Of the dietary variables, vitamin C intake showed the
strongest relation with cognitive function. None of
the other dietary intake variables was significantly
associated with risk of cognitive impairment indepen-
dently ofvitamin C intake. We found a similar relation
between plasma ascorbic acid concentration and cog-
nitive function. In multivariate analysis, after age was
controlled for, vitamin C status, diastolic blood
pressure, and social class remained significant
independent correlates of cognitive function (table 2).

ALL CAUSE MORTALITY

During the 20 years of follow up 842 subjects died.
All cause mortality was highest in those who had had
the poorest cognitive function. Subjects who scored 7
or less on the Hodkinson mental test had a relative risk
of death of 2-2 compared with those with the maximum
score of 10, after adjustment for age and sex. Those
with raised diastolic blood pressure and those with a
recorded diagnosis of cardiovascular disease when
examined in 1973-4 had significantly increased
mortality. Of the dietary variables, vitamin C intake
showed the strongest relation with mortality. No other
dietary variable was related to mortality independently
of vitamin C intake. We found no association between
all cause mortality and systolic blood pressure, serum
cholesterol concentration, current smoking status,
body mass index, a recorded diagnosis of cancer in
1973-4, or social class.
In multivariate analysis cognitive function, diastolic

blood pressure, cardiovascular disease, and vitamin C
status (whether measured by dietary intake or plasma
ascorbic acid concentration) remained significant
predictors of mortality. Table 3 shows the relative risks
of all cause mortality for these variables.

Cognitive function and vitamin C intake might have
been influenced by the presence of serious illness. We
therefore repeated the analysis excluding all those who
died in the first two years of follow up. Both variables
remained significant predictors of earlier death.

CAUSE SPECIFIC MORTALITY

The major causes of death in this elderly cohort were
coronary heart disease, stroke, cancer, and respiratory
disease. Cognitive function was not associated with
risk of death from coronary heart disease, cancer, or
respiratory disease but was strongly associated with
risk of death from ischaemic stroke. Compared with
those who gained the maximum score, those who
scored 7 or less on the Hodkinson mental test had a
relative risk of dying from stroke of 3-3 and those who
scored 8 or 9 had a relative risk of 1-7. In a previous
study of this cohort vitamin C status, blood pressure,
and serum cholesterol concentration were associated
with risk of death from stroke.8 Even after adjustment
was made for these factors and for a diagnosis of
cardiovascular disease in 1973-4 with multivariate
analysis, cognitive function remained a significant
predictor of death from stroke. Those who had the
poorest cognitive function had a relative risk of
mortality from stroke of 2-8 compared with those who
showed no evidence of cognitive impairment. Table 4
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shows the relative risks of mortality from stroke for
these variables. Similar results were obtained when
systolic blood pressure was substituted in the model for
diastolic blood pressure. When the analysis was
repeated excluding all those who died in the first two
years of follow up, all the variables shown in table 4
remained strong predictors of mortality from stroke.

Discussion
In this 20 year follow up study of elderly men and

women cognitive performance was a strong predictor

Table 3-Relative risks (95% confidence interval) of all cause mortality according to
cognitive function and other risk factors

Relative risk
adjusted for age,

sex, and all
Relative risk variables in table

No of No of adjusted for except plasma
subjects* deaths* age and sex ascorbic acid

Cognitive function (score on Hodkinson mental test):
-<7 56 56 2-2(1-6to2-9) 2.0(1-4to2-7)
8or9 248 230 1.1 (l-Oto 1.3) 10-(0-9to 1-2)
10 617 556 1.0 1-0

Diastolic blood pressure (mm Hg):
< 80 311 272 1.0 1.0
81-95 312 288 1.2(1.0to1-4) 1-2(1.0to1.4)
>95 280 263 1.3(1.1tol-6) 1-4(1-2tol-6)

Vitamin C daily intake (mg):
< 27.9 303 286 1.5 (1*2 to 1*8) 1.4 (1*2 to 1*7)
28.0-44.9 309 288 13 (1 .1 to 1-5) 1.3 (1-1 to 1-5)
> 44.9 301 263 1.0 1.0

Plasma ascorbic acid (p.mol/l):
<11.91 275 256 1.3(1.1to1.5) 1.2(1.0to1*5)t
11-92-27-82 302 284 1.0 (1.0 to 1-4) 1-2 (1.0 to 1-4)t
> 27-82 274 240 1*0 1.0

Diagnosis of cardiovascular disease:
Yes 181 176 1.6 (1-3 to 1-9) 1-6 (1-3 to 1-9)
No 740 666 1.0 1-0

*Because of missing values for some risk factors, numbers of subjects do not always add up to 921 and
numbers of deaths do not always add up to 842.
tAdjusted for age, sex, and all variables in table except vitamin C daily intake.

Table 4-Relative risks (95% confidence interval) of mortality from stroke according to
cognitive function and other risk factors

Relative risk
adjusted for age,

sex, and all
Relative risk variables in table

No of No of adjusted for except plasma
subjects* deaths* age and sex ascorbic acid

Cognitive function (score on Hodkinson mental test):
-- 7 56 11 3-3(1-7to6-2) 2.8(1.4to5-5)
8or9 248 58 1.7 (1-3 to 2-4) 1-3 (0-9 to 1-9)
10 617 93 1.0 1.0

Diastolic blood pressure (mm Hg):
< 80 311 41 1.0 1.0
81-95 312 57 1.5 (1.0 to 2-3) 1.4 (1.0 to 2-2)
>95 280 59 2.1 (1-4to 3-2) 2.0 (1-3to 3-0)

Vitamin C daily intake (mg):
s27.9 303 62 2-0 (1.4to 3. 1) 1.7 (1.1 to 2-7)
28.0-44.9 309 59 1.7 (1-2 to 2-6) 1-5 (1.0 to 2-3)
> 44.9 301 40 1.0 1.0

Plasma ascorbic acid (,umol/l):
<11.91 275 48 1.7 (1-2 to 2-6) 1-7 (1 to 2-6)t
11-92-27-82 302 63 1.5 (1.0 to 2-3) 1.4 (0-9 to 2-2)t
> 27-82 274 41 1.0 1-0

Serum cholesterol (mmol/l):
< 5.43 291 65 1.0 1.0
5.44-6-28 274 46 0.6 (0-4 to 0-9) 0.6 (0-4 to 0-9)
> 6.28 266 39 0.5 (0-4 to 0-8) 0.6 (0-4 to 0-9)

Diagnosis of cardiovascular disease:
Yes 181 35 1.9 (1-3 to 2-8) 1.7 (1-2 to 2-5)
No 740 127 1.0 1.0

*Because of missing values for some risk factors, numbers of subjects do not always add up to 921 and
numbers of deaths do not always add up to 162.
tAdjusted for age, sex, and all variables in table except vitamin C daily intake.

of mortality, in particular of death from ischaemic
stroke. People with the poorest cognitive function were
nearly three times as likely to die from stroke as those
who showed no evidence of cognitive impairment,
after adjustment for age, sex, and other cardiovascular
risk factors. Cognitive function was not associated with
any other major cause of death. At baseline, the
subjects with cognitive impairment had significantly
higher diastolic blood pressure and a lower vitamin C
status. Both these factors were also strong predictors of
death from stroke.
One potential weakness in our results comes from

the use of mortality data. As inaccuracies are known to
exist in death certification, particularly of elderly
people, some cases of stroke may have been misclassi-
fied. Although non-differential misclassification tends
to diminish the strength of an association, our results
could be explained by a systematic bias among
clinicians to certify deaths among cognitively impaired
people as caused by stroke. But this seems unlikely
since the commonest terminal events recorded on
death certificates of demented people are broncho-
pneumonia, cardiac failure, and multiple pressure
sores.9 Furthermore, the relation between poor
cognitive function and increased risk of death is also
present with all cause mortality. Another possible
weakness lies in the difficulties of assessing dietary
intake of vitamin C. But the relations we found with
diet were also present with plasma ascorbic acid
concentration.
The results of this study are based on 921 subjects.

This is 55% of those originally invited to participate in
the Department of Health and Social Security's
nutritional survey. All comparisons, however, have
been made internally, so unless the relation between
cognitive impairment and mortality is different in non-
respondents or in those we were unable to trace, no bias
will have been introduced.
The fact that we found no relation between all cause

mortality and current smoking status and serum
cholesterol concentration may be related to the age of
our subjects. Factors that predict premature death,
especially from cardiovascular disease, become less
important in a population of elderly survivors. In a
study of the Framingham cohort the association
between serum cholesterol and all cause mortality
disappeared in those aged over 50,1' and in a study of
1118 elderly men no significant relations were found
between all cause mortality and serum cholesterol
concentration, systolic blood pressure, or smoking.3
An association between poor cognitive performance

and lower vitamin C status has been reported
previously. In 260 men and women aged over 60 years
in the United States those with low blood concen-
trations of vitamin C, folic acid, riboflavin, or vitamin
B12 had significantly lower scores on tests of memory
and abstract thinking."' In 418 elderly men and women
living at home in China, low blood concentrations of
vitamin C, riboflavin, and folic acid were associated
with low scores on the Hodkinson mental test.'2 One
difficulty in interpreting these results stems from the
cross sectional design of these studies. A lower vitamin
C status may simply be a consequence rather than a
cause of cognitive impairment.
But vitamin C may protect against declining

cognitive function by its antioxidant activity. Much
cognitive impairment in elderly populations is thought
to result from atherosclerotic disease.613 Antioxidant
vitamins may prevent the development of such disease
because they protect low density lipoproteins from
oxidation by free radicals, thus decreasing their
atherogenic potential.""6 The Department of Health
and Social Security's nutritional survey provided no
information on the antioxidants vitamin E and ,
carotene, but in a previous study of this cohort we
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Key messages

* Poor cognitive performance has been associated with increased mortality
in several studies of elderly people, but the underlying mechanisms are unclear
* In this prospective study of 921 elderly people cognitive impairment was
a strong predictor ofdeath from ischaemic stroke
* Low vitamin C intake and low plasma ascorbate concentrations were also
important risk factors for death from stroke
* Cognitive performance was poorest in people with the lowest vitamin C
status
* A high vitamin C intake may protect against both cognitive impairment
and cerebrovascular disease

showed that intake of the antioxidant vitamin C was a
strong predictor of subsequent death from stroke.8
This finding, together with the known link between
atherosclerosis and cognitive impairment, suggests
that subclinical deficiency of vitamin C may be a
determinant rather than a consequence of impaired
cognitive function in elderly people.

Declining cognitive function and cerebrovascular
disease are both common in old people. The results of
this study tend to support the view that a considerable
proportion of cognitive decline in the elderly popu-
lation is vascular in origin. They also suggest that a
high vitamin C intake, perhaps by an antiatherogenic
mechanism, protects against both cognitive impair-
ment and cerebrovascular disease. This may have
important implications for prevention.
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Survey ofneuroleptic prescribing
in residents ofnursing homes in
Glasgow

AliceM McGrath, Graham A Jackson

In the United States concern about the often excessive
use of neuroleptics in residents of nursing homes in the
1980s' led to new legislation, which included guide-
lines on the use of these agents in nursing homes and
also (uniquely) placed restrictions on physicians' pre-
scribing of neuroleptics within nursing homes.
We measured the prevalence of neuroleptic pre-

scribing in nursing homes in south Glasgow and
assessed what effects the American legislation might
have if it were applied here.

Patients, methods, and results
We visited 28 nursing homes in the south ofGlasgow

and examined the medicine dispensing sheets of all 909
residents. We identified those taking neuroleptics
regularly and collected information on the drugs and
dosages prescribed. We interviewed a senior member
of nursing staff in each home to collect information on
age, sex, psychiatric diagnosis, and why the drug was
being used. We applied the guidelines of the American
legislation to decide whether the drug was being used
appropriately.
The guidelines state that the use of a neuroleptic is

appropriate for (a) psychotic disorders and (b) organic
mental syndromes associated with specific psychotic

and non-psychotic behaviours that present a danger
to the resident or others or that interfere with the
ability of families or staff to provide care for the
resident. Behaviours for which neuroleptic treatment
is considered inappropriate are wandering, poor
self care, restlessness, impaired memory, anxiety,
insomnia, unsociability, indifference to surroundings,
fidgeting, nervousness, depression without psychosis,
uncooperativeness, and agitation that is not dangerous.
Neuroleptics should be prescribed for use as required
only in appropriate conditions and for up to five days.
Table 1 shows the neuroleptic drugs prescribed.

Of the 909 residents, 217 were taking neuroleptics
regularly, of whom eight were taking more than one.
Prescription of antipsychotic drugs was appropriate
according to the American guidelines in only 27 (12%)
of the residents. The 190 others had been prescribed
the drugs for inappropriate reasons, most commonly
for mild aggression and agitation, wandering, un-
cooperativeness, and insomnia.

Comment
Our finding that 24% of residents of nursing homes

in south Glasgow were receiving regular antipsychotics
is consistent with reported prevalences of 17%-30% in
the United States before the legislation was passed.
These high rates were the spur to introduce the
legislation.
Most residents receiving neuroleptics in our study

(88%) could be deemed to be receiving them inapprop-
riately according to the American guidelines. There-
fore implementing similar guidelines in Britain would
affect the prescribing rate of these drugs in nursing
homes. In addition, 4% of the residents taking anti-
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